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CHAPTER

Writing a Program

OBJECTIVES

= Ansyae come of th suas il i pracucng 3 simale progran:
= Recenents
= besian cansrains
= Tesing
= ifr simaton
= Inplenertationdeals

= Understan th squence of st nvoled n wrtingeven 3 simple
pogan.

= Previow many additonal sofware engincering topics found I th bt
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1.1 A Simple Problem

descrbed in Chpeer 2
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1.2 Decisions, Decisions
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iy Some of
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2.4 Design Decisions

e s follows
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13 Testing
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14 Estimating Effort
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15 Implementations
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they need 0 beachieved.
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18 Exercises
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Building a System

OBJECTIVES

= Chaacterize th sz and complety s of 3 ssten.

thse sofvars engineeing opcsae expandad 1 aterchpears.
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2.1 Characteristics of Building a System
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W Tt nd 10 simply he age, complo prablem by addressing he prlsen In
smalierseqments Al we have successfully completed that proces,our nextSep

n e i s of he ol s T, th bl dsrion
eaurement, s seqmentad by funcion snd fatue,should we rchfact and
e s stoon Jorg e s oncto and e sgmare, sty
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fine of “bjecs? (Futhr discussons o objectscon be foun in Chapter 7) The ke
D aci gt ot e L i S ST o A
vousi hefollowing types of acvties

= Decomposiion

* Mocuiarization

 sepant

* el teraions

system.

Technolgy and Tool Comsidertions s o the important s of cecompoing

soution.
sy <omes with difent experience. This iversity i background and experince

= e s companrts ich 3 codeversonconvel.

sofvaresystom.
Process and Methodolagy We alludet 0 methoceology an process e when v

person deveioping the soution here f st  need 1o undersand the roblem or

0 anothe person. Ther il may be  ned to document the work erformed bacause

evlopmet et

ks does not e to be concimted when anly one or o
ar o,

[ | T

prbles s de-

|EsE b

e e, doveopment proces s neede 1o g an oot e
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group o peope, Smpl s, such s thesytas for theexpressio of 2 esig, e

and produce 3 conssent and cohesie design. Each method use for 3 specc sk

methods, il be dicussed i Chaptors ¢ 5.

o task pprars a5 an ndepencent tem, and each o begs the questions of what
For

sk
whatconsttutes user supportand what proems mustbe fcd.
e sk in Figure 2.2 e islayed ncepencently. When severa ot e

o these tsks overo How

prevoulyagreed-upon methodoloes.

the 19705, when argesystems were s eing b s T and Priven 1976 Recently,
b

Continuous nteration 1 saning general populary. The methodelogies inucved I

Figue 2.2 Incpentent s
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Figue 23 On osile procesaproch

0 3nd prciced
ment eam. Th seeingysimpl b depcing hetst-e-egrte cyle nFgute

hat snawrs e folluing questons
= e there  saparate and ndependen et grous?
= Vihen s prtiem s found, how and o whorm should t e regartect
= Honw much nformtion st accompany aprobiem descrpton’
= Vi dacdesthe severty vel of aprblem’
10is  problem fcretumed o the teser?
= Should il prblem s be retestd?
= How e the problem s ntegated backnt he ode?
= Wit shoud be done it th problems tatare ot e

aunfors

estingand ntegrtion methodologies and proces nChaptrs 10.and 11 The process
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213 Nontechnical Cnsidertions of Develapment and Support

Zanceof nontechmcal kst W vl clecuss S such s v,

Effort Estimation snd Schedule For sl and faly simpl software proec
e s of on 1 s people, o et it and chaulng o m
it ety sy o e ol s ovncanl et of

behind so many sftare project fales;see Jorgnsen (2004 for e detls The

the supplers of hes ysems.

understanding of 3 the funcionsl festres snd the procuctiy of the Indivails

of undrstanding 3.
ot i e ity of o s sy eyl e
0 of the number of combnatans of indiulsssgned < the design and cocng

g e T i oo
e

ofsuch 3 rge rmber of fetures slone can be  dauncs
ques

pvanten

Assignments snd Commurications We tauched on the poblem of ssigning people

inceases and he cortesponeing number of developers increases. Furhermere, tere

ifeent sk such 35 testin, nteraton, o1 (00 upport reqies more Undersane.
ingor e

ecpe v ofgranularyand v of chedoing.
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o

Toan ssane 150ams

Figus 2.4 Modniiog commuricatinpat

b ofeam members nresed o four
mg:nevaLm:numhevn/:nmmummnnpama/ompedv\e\s SN, whre i

o than e st
sancaed i this ncess i th shest e of communication s he

e, for exampie.
minicatng corrctly 3 partcar mesiags btween any o peope s 5. The prab-

iy e s nly 3 681
i
Compleiy and e thechance of crectcommunicans.
2.2 Building a Hypothetical System
The ment

porting s s,

221 Requirements of the Payrll System.
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payroll sstem. Trefllwing functioal capbitiesrpresent oy someofthe ks

ol e,

= Al mocify an deltell e benefts st wit a mployees.

1 Ak modify an deltell e grcs ncome asociared wit a mployees,

employee.

Exch of these functonl requtements may bo expanded t0 severa el o more

side ofthe payrll system requiemen, we ray ned (0 undersand something about
eneis axlows,and thr domalspic knowiege

epois severltime a month, What i the allovatle pyrall yce n ather worcs,

nowtecig,he knowecie of echrcal st and ntece formation.

these e requiement
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e g G et vl e ot of o b e s
customersand the recuiements anls

Specfcation fo a sstem,such s hat n our payol exampl,are ificul nd have
sgnfican impact o all downstzeam actiies and o the final product.Complete

atthe e of s chapte)
2.2.2 Designing the PayrllSystem

in Section 22.1 r st an example and re icorpiee. For exangle we
oty ask wheter o th “add,upinte, and deee” functionl reuremens snwm bt

tons e grouped togeher
“paol processing”Carainy, we must b prepred o handleeors and excepions.
5o

e ook eioces Ths o o el ncions o compenens s
Pt
conesivnessvithi the component
=i e o o e oot procesing envenmens
= Provides a poental asigment o ent
s i e st b componens

Chapters.
here are also nonfuncionl specifc, but commonserice, necds that must be
dsgne.For st o ol e o e esngs sevn o b G b
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Comman ssagee

Figurs 2.5 et and Rt s et

al the funcionalcomponent. These senices may ol b placed in o component

sevices s key design concer,

system,

e
G s e e vl

the system From the breads e,

pisioiseiad el matuty it i

i sy e, develpmen ol evionent; a4 e pyoh splkaon
i Gt ests

i bt processing e the sheer Vo o payrol recordsfor arg enterpres

These
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foreven the most experienced designers.

o, the varios peces wihin 3 component must be clery diidd and the it

Severa moreteam members,

2.2.3 Code and UnitTesting the Payrol ystem

i, nciondunt et o bedesned snd convered s code T ey s
P e 1T and computing ik

proble that st be sl it detae foncons s anci <o At tes e

o of the ol s uslabe

fowing motei:

 precieyoutof the scren eface in some anguage.
« preciefnctons procesing i n somé programming angage.
nguage

Furhermere, i thee ae many of these. programming urits, some common sar

A very mportant prt s the desgn,code,an the documentaton of how (o handle

sandord,

sk shou st th ol toconfim tat  perfors the ntende sks. Th s sep
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it testin, it most b o anc retsted When s th problems e e, e modle

the modle sl functional i

oy
roughtn o aleviat hesuaton

2.2.4 Inegration and Functionally Testing the PayrollSyste

Chapter

oy

coted the il
o tsing sl uncovers some ol tht il e i by the
programmers Th eyl o problemdetection o problemn i needs o be cordiated

ot
itsdeconiclly abeled s such and s ocked fomfurther changes.These functioal

Som
Serena Sofuware, used 10 hlp awtomate he configraion management mechanisr:

sytem ar usaly dfrent rom those e forcoing,desaing, o requirements
gatheing
recuiements and he design.
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225 Relesse of the Payrll System

e

probems
and shostoppars must be e beors the system can b conidered rlasae
frtherchanges

usage o

o such 3 syt 1+ 3 nontral sk The for may ke severl peogle and severl

design o coing.The emphass would b presentaion and communcation sl The

Geluer the sdcation.

Should b the person tht makes the inal all of 3 product eeas? Shoud ts be
group dedsion? And wht et should that parso use i akin th. mmm
ot et s topkc il undes th bl of st ot managamen

cused funthr nChaptr 13

2.6 support and Maintenance
For smal,one-ortwo modul sotare product hat s lzed by e people the

Wha do
s call forhelp,aferconsling the user manul, when the payol sysem sl and




Sl oA
mberof expected sers

2 ombe on e of rowtblensat xsted at esseime

 Projected number o problms that il e icovere by users

* Amountof v raning
2ot spperpesree v
= Mmoo devlopment pesonne commited o spporth st

ofdevl
2 et ot o e ol e el

s o thse foctors the umberof postrlese peope recuied 0 support and

atiast o st of suppor ersonne

1 Agtoup o fx il prolems nd implemant utureenhancemants

e st group does ot have 1 nclude any programcoding personnel.They mus,

. The secon group ofen nees 1o ncude cesonersand coders, I hee s 10

2.3 Coordination Efforts

for simpler ystems I i scton e il nrocuce these concerns and dicus the

231 process
s s f e prcss Lo cotprtinssane o s pnse iy
e and mesemons aots ase s wer desgned 1o v, et
o coac ol hfay I th QU of sovars 300 naeeing o
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by Daskalanonaki (1992 The development and support proceses bacame heavly

1995, Cockbun 2001 There s o singe proces ha 1 all cccsions. Someare more

re moch simplr anc are approprae for sl and cuick sofware proecs e wil
Coverthe o o softvareprocesses i detad i Chapters 4 and 5

232 Product

customers and usrs il b cemancing moch mare than ot he exectable code

o personnel Of course, once th product source code & modifed by the vsers an

20091 The

coverd n Chapters 7 and &

e

il in Chaptes 3, 10,and 1
233 veople

and managemen sls

the rganizationl sructure nd th stengthof communications among the vaious



iferent prases of st projct.

2.4 Summary

ricl s fom desgn decompesition and communcatons (o process, ook and

tal 1ot deelopment and suppor of hese e and compl ytems.

25 Review Questions
1. Deine thecapth versus the resdth s i e complety

2. Descibe a way o sty 3 comple probiem.
3. st two technica conces i deveioping rge syt

Lt four foctors that shoui b considere in deciing how many postciense
peopie il need,

26 Exercises
.

in softre sze
inceas in complenty. € Discuss which typ of nceas, i your view, s more
it hande

pr————
Wt is mant by ntegraton an why i t mportan t manage tis eflrt for
orge systems?
. What e the maor ks I developiog and supporing  softwae ysem?
5. a1 Wite 3 program thatreads 1 numbers, e st 10 .
sy re i r.umm and dsiays th resul. 5 Lt th questions you
i theprocess of programming pat ) ofthis question. € Dicuss,nyour

sytem.

i sy oo e mor g e ot o or
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2.7 Suggested Readings

1959,
. Cockbum gl Softwre Deelopment Reing,Wh: Addson-Wesle, 2001

Experiences within Motorla 5E Trasocionsan Softare Engineerin 15, . 1 (o
vember 19921995. 1010

.G an .G, Sftwrepection Feacing, MA:Addison Vesly, 199,

Softore
iy e

“Realism i Assssmentof ot Etimation Uncersintes: Mtters How
VoL Tamarnson o e 4 o 2008 208217

ed. eading, Wk Addison Wesey, 2005

Weskey 2004

0.Parnes, O Gt to B Used n Decomposing Systems it Mdules” Cammrics
onsof he ACH 15,m0.12 Decamber 19721 10531056

Serena Softvare nc, wanvsrena o

N Taylor, . Mcvidovic and E . Dasholy Sotware rctecure Foundarons Theey
e obioken, N John Wiy & Son, 200

: s
Confeence roceedins 19761443445,



CHAPTER

Engineering of
Software

OBJECTIVES

= Undestan th atonale beind he eed o establsh a discpline n st

ware engineering

= Araya th mai causesof st projct s

= Give an cxampe ofsoore product fallres.

= Understan th trm sofoare enginering s e s nrduced at the 1968

IO confrence

= D the concepts o sufuare engineringand of pofessioalisn.

= Revew te safvare angneeing cod of etics.

= Dicuss the et f prncpes and aundations of sftre ngiering
Torvard by Al D, WalrRoye, and Athory Wassrman.




3.1 Examples and Characteristics of Software Failures

e fres.
31 Project Failures

pages of exampis. The Chaos Repor, publhed n 199 by the Sandih Group, -

he majr s "

Succes s th ol
PP
2 b magemencipon
3. Clear requiemen satements
4 Properplaning

indeveloping th spce shuttesofare.

e
sty dofned “ehallengd pojects a hose hat ar complted and oparatona but
“ne e asimat,

e s ol
1. Lackofusenput
- o et et
3. Changing recuiremens nd speciicatons
hese imately57%f th suvey pariclpats esponses o o
wor s ht v i s el

el cancelg:
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1. Incompltereqirements
2 Lckofusrimobement

3 kot esources

Canceltions of sftware proects:

cesfl prjects. The two cancelled proects were the Colforia DV dvers conse

e, Bothprjects ha e usr nvclvermentand uncarreuiements. The American

Hiton Hotel,thus voiing many people, whch cresed he prject comploiy:

ment nd clea reqirement. The Banc tamaratprjet id ot hove der e

the op s factor for managermentnformation s,
1€ ot srprising tha usr nvobement an use requirementsar e o 1

st be developed, there s vry e chance of sucess forany projec Softe o

companentfsfvare eninerig Reqremens noccrnscis e
Gucedin Chapter

3.2 Software Produc Falures

ugs by difcent orgins e 35 lows:

» feremens s 250

mibers, by themsalvs,would Inlcte that move eors e caused by coc-
g B e e Pt b ol s A et o i

ntl e th prodct rlease, Futharmors, one (equvement ator may tum o

design o code s gunarlly more expensie than fing 3 coding eror. Therelre, ven
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Spaciction s fen e hroush

313 Coordination and Other Concerns

{epor state, 4 ystems grow mocecomplicated falurs nstad have fr s echns
 plrtons: B¢ mnagemen, cmmnatons o g They e miie

Crace, and Peoplsott

systems.
el e o
= Exscute commitmensand eaders
= auin g i e el process
- Suedandspernce ontars
= el ragement o monorn of h rofct
= lingnes 0 chane snd b sdsmets when eauhed

S fth US St s i arsgment Sis e cid 5 ey 0
e byl e
den o the softvare dvelopment envionments)
. Dipra e e

S DeparmentofGefense (00D).
e DOD i an acquision offcs, and it focus I o cquistion proces. Thus the




3.2 Software Engineering
521 WhatIs Software Engineerng

tht ar partof sftwae engincering. e ave <hracerized atiutesof both smple

kg Tt ety st o T R O
programming.Ths s ificul o efn,an 5 defniion il als continue o e,
T s ccre e s 5 s n 3 1968 Nt A sty

therswere compieed but experenced excusive budge v, The ol softare
prouct ot cemonstatd unsatfactory qultyand parformance The users of these

and mintenance hat thearinlproggammerswerenot taned o anele: The s

nthe

and incademis. Bt many more mprovements are s needed forsftae enginering

5,22 Definitons of Saftware Engineering

who sate that softore enginering s 3 mulperson constrction o mulversion

Sspecs of ofvarsengnering hot hve been dcused

inceting disipine hse focs s h costefective de ngatog 4 1
b oo s oo | Bt St s v

ment of igh qualty sofvare systems- He furiher exlans that

Seaheson g e e e TGt |2 Sl et
s This dofisoncerainy coptures th softwre eyl rom |+ 0 s g
inception o prodctsurset.




S P 2000 el bt ety and rec v
e s 7 ology % dcin e B, beween CompUO ard sore
ncinceing.She Sats (o CoMputIng w i ocs on h. <o and 1o

sohing problen
T Saftvare Engineering 2004 Caco Guideines o Underadaate Deree

hvee defitons o ierent sources

1 Toe establhment and use o sound enginaering pincipes et
wwin uvﬂar " abin ccomamicaly sotvare ot  ahale nd vores an 1

o CALISE 90T 05 “ckare et ot form of e ot
s th. pincots f e scume ool moeTaRs 10 wtev con
fectve solutons o oftare problens”

» From 410155 T spaton of 8 st dclnes, ol
aporoach 0 e deelopment, opeaton,

e Comicul Guideines goes o o furthr s,
“Softwareenginering is st ceaing i ualy softwar n a syston
ool nd dcen o Conqenty, e fe oot
emphases on anlssand evluation, specificato,design, and evlution of
Stvaremadiion. there e e o management and 0l 1
o i it e ok
rofesionsl pracice that pleyaital o n sof iy

I e hat cpturingsoftware engineeing in 3 gl setence s ver dificut

fundamenta cemponents fsftuare engineering

323 Relevancy of Software Enginsering and Sofware

Systems, ot manfactunng s with g enterise fesoutce procesing Sytes,

it o v e o ey on sl oy et oo
wmmwmmmmwnmmmmm these sfoware ystems,




oy et
s sofvare s grous, s0 hs s v, According o o 2002 Research Trangle

sofvarehas bcomean-ntinscpartof ll he US. usinesses 0day” I goes on ostats
htthe ot e ofsoftvar reschet approximately 160 bl n 000

e n el o s o rd e b s
Mony ifernt yoes of sinatons of ntliectun propetes 3 cted i 008 U

33 Softare Eninering Profesion and s
e tditional enineering pofesions, such a5 il or clecial engineering,has o
eamaton o Fentor oot P o e e T e e, o

ot

ficaton n 1998 th Texs Boar o Professonal Eninsers adopted sofvareenginer
i efort

il e raed.

331 Software Engineerng Code of Ethcs

i nd profesonsl pracce n sosuare engincenn,

1. Sofuareenginers sl ct constanty it th publc et

ey o e s
Snl(wav: enginees shall nsurs that thi procucs and reated modiicatons
e perignn potoons b o
o e snoners hull i gty and indepndence I ht s
oo
> e mm«.ng g o s sl st 0 nd oot 1
1 approach t tha mansgement of softare developmant and minte.




6. Sofware enginersshall e the ntegrty an reputation of the profession
Comssent o pobl res.

7. Sftwar nginesrs e it snd spporiveof i colagoes,

B

fsson

Undr each ofthese generl princiles,there ar several subclements tha furer

sofwareenginers

fmtations of e experenceand dcaton.

Usethe propery f  cllen o employer onl in ays properly authorized,and
it e or eploer's knowledg nd <orsent.
- e v v doumen o v ey o s b s, hen

 someone athorize o approe .

o,

6. denty, document, <ol evience,and reor t the clent o the employer
ey O oo e o 0419 o g,
ot telctol progerty v, orotherwise o be roblematic

S i e o oo i ey

ottt o b the employer o th et
& g v o et o 1 o P o kRS
opr

authrtyofth evcal concan.
Software engineerin, 10 be Judged a5 » prafessiona enginering pracice, must

o he code of
araady ndicaes that sgifican: progres has been made In sotware enginesring
Towsrd professionalsm.



332 Professonat Behavior

5 good

ware development, suppor, and managerment i the softuare ndusty. Thse alues
e healy fluenced b e sarlr 154 corporate vlos:
= Sespect s ng s o s

pefem oo s oty

oot

Thase seem o b simplsic qudelnes, bt hey I act provide a bass or 3 brosd

incuing e folaving eampies

= b oy

= Handling qualty s nd poblem resoltons

- o st e ordrn
-l s el prooery
perich

surtounding hs topc. The Sofvare Enineering s hescarch sttt at the st

ottt sk chared th Exscuts Commiie o the ESEC/ACH Jot Task Force

P Qs sl Wi o of candc nd e by vl st
103 i of coceps et s o o go0d 7 o e

iy oo bk het st wih i sufct

Stdied and anahzad by phlsophers for housands of year.Fo hose merestad n

heory gatherd by Selas and Hospers 1952

3.4 Principles of Software Engineering
Many studenssof sftwareengineeing 35 wll s practiing sofuuate engincrs have
s




ol themodmarics W e cghosigdo et e st of s e o
Soueral st o propose principles eoghmy: Thee e e
e o ety of ot speence and a1

deeloing
inrodce some of

them,

341 Daviss Early Princpls of Software Engineering

Devclopment. Hore we vl Intoduc only he 15 st imporantprinipes” 5 Davs
awihem,

.

st For xampl, o the developer, it may mean “lagantdesignand o the

asthe st equirement

2
qualty,athoush 1t may camy igh prce.

capture the usrs needs duing he reuitements phse; thus s more efective
1ot thetsrs ity of e ot nd oy i Gt e
esdoackand hen go il cl cvlopmentf o pracc

eers ush o ofer the sluion, ensure ot the problem s wellunderstond.Then
explore the potentialsoltion s varous tmaties

ationsond requements volatit,and rescurce oxperiences.

actoss all phases



. iz intelcuntdistance: 1t s s to create the souin i the distance

e Tt e o KM e . e i
the e word probem s

thr exccution speec o codeduring ol coing

50410 50%of he tme to et

people s good mangerscan

any of th shotcomings inprocess, methodolog, o tols There s
s for Qo ool

beore mkinga majorcommiment.

o the proces s responsie.

o mucn

incue the g

« Maininasiy

* ialabity
Uiy

* Revsabity

* inwroperaiy

* Modiaity



oy sftware product atrites il ol b ceveope

3,42 Royce's More Modern Princples

top 10 ptincies o modem sftare management r a follows:

reducethe cocing efor.
Change manogement should beestabizhed o hondie teratve proces

5, where il changes may oot constanty s Ml afacts
i oot ol

moce e anc machine processable notation o capte s,

thtinclus he asesment of l e ntermecite

demonstation-based approach where inermaciate rfacs re tors:

bessesied e

it evling lvelsof et

o
e develapment

Thase 10 princpls e havl inlsance by the ssumpton that the underlying

atu.

anas,

5,43 Wassermans Fundamental Software Enging

ring Concepts
cepts that have romined rltely constant evn though the softwae industy hos
been changing. The olowing basc oncepts ths fom » oundation to th software
engineaing disciplne:

« sttaction
= Avalyssond esign methocsan rotation



Vs imrtce rocoyping
. m ity an et
i —

s
= Tools and inegrted enionmant

e st concep,abstracton i  tchniaue hat s ofen categorized s 3 design

provtdes us 2 car set ofrequtements, and desgn tonsforms th requrements o

ot § Gl gttt Tt e oo comagh, v o
prototyping, <contrbutes o 3 st potion of uncertncing requrements an

Drirences I ao continis heoly to n e procss approth s oo
Gevelopment. Nodarty in sofoare archiecture, he fourh concept, contbutes

of mocularity have becn earer svessed by David Prnas. I aklion o modulaty,

resableneed 1 be devloped.Sofvare proces may not et 10 bo 3 sgifcant

echmiaue- s

pmentan support f anylage, complex software

oyl st 3¢ an esampl of 3 g comple st .



35 Summary

This chaper s shown exompies of softare project faures ond ho charactriced
Some of the repsons benind the faires. A primary cause of these sofware aures
Can e trace back o por equiements and ack o s invohement. Sinc th

named softwar engineering, Severaldefitons are provided here This elatiely e

el n e dvepmen oo e rgneig oo s Moy e
ments and much progress made e engincering i recent decades have

m Aln s Waker Ry, and Aony Wseman e e
S st s o

3.6 Review Questions

report s ky o ensuring dlvry of sccesstul sofvare

. Wihensnd e wasthe e st eninriog s nocuced

e e e pcols o sl g e of s e
ey th EEE CSACH Verson 5.2 i e forc report?

. What s meant by th term prcipes of ot enginerng?

37 Exercises

Relew Queston 2 Explan your proies

3. s the Web or the rferenced matersl n the I of Suggested Reacings nd

tenance o tearty aodindpendence n profesonal udgment.

doyouthink s most mportnt?
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. Tace e e s o sfvrs engnerin rinles of i Fyce, nd
discus th fllowing software engineaing topcs i terms of
prusingivseeenpinteritrich
a fequiemen
o mmmmaaw
PRy
& Metricsand mesrement
£ Tetingand qualty

of i case st on etic nd summarize .
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able sl never vk overtme 2 weeks i3 row. - developerconsanty

febemens. T chiceofprjct s s dramtcly o e
fortumate prjects ot have ol ommitment o cor

Zaually good. The mporant g s o everybocy 1 e the sam rls.
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Forexampe,

et questons. Thes customrs o ers sty avethir o workesponsities

et pracieto oo without veryenghtened maragemant
W il dscusplhnning. he s of the 12 pracices, i some deta et 2 an
o

Planning _Planing is ety impartant i any process. i X, prograrmes i only

toadjuss scope,and s el theone that s changed

Trade.oft e 10 b eighed, and adustments have to be mode, XP methodalogy

usines popieand cstomers decid onthe olowing:
= Scope Wt necs o b done i order o he st o b s

ortzect
2 Bekmesope Wt et b e s et

et of thesofvare?
T techicasaff st ke deciionson th olwing:

= Esimtes How long il s esture ake?

i anguage? Note tht here the dcion: may be made fonty with busines:

In X, the adidona planning sessions ar clle the panning game. Witin s

Gecide what  to e ncie n ho eleas, Ther s s an actaiy ol eration

porelease
Farctoriy vt e e s Wi oy 3 s o
a5 featres or use cses i ter methodologes. Stores are typcally writen o actal

e passd ound nd resranged o e
ol of he planing game i 1 masimiz th value of th sofovare procces
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s
25 quicky 2 possole. Therere treephases n e planing game

. e

aspecicpece s mere mportan han thrs

by vl it thee coregoris:essenta, imprtant, e ice-to e funcional
recuirements o sories Devlopment performs th soring ofstores by sk, aoin

whati ol th veloiy,whic s h o o el e o calendortme Firaly.

s, THs s done though seting a eease dae an choosing cnly tose story

or sctiies. The ft move it the Aeraton v, i which busines chooses a1

et oty g, 1 et the pln e o be modiied

Panning is e nta e ollowrng ks

= Exioaton: The moves ar 0 write sk and o spitcombin ks

. and

= Stcering: i phase incudes the following moves: 1) mplement 3 tsk. 0 record

sty T seeingphase o h o <ontin some moves that v o
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mature st ofteam mermbersand may 350 present some chalienges 1o prject man-

it scompishments o an sprasal con b ik

532 The Cystal Fanily of Methodologies

3 what ki of practices e depencing on the project

decrasocomfortand plasure ot ses
proecs, stopping way short f e <l r e scaleprjects.
Sl o comrd e o Tt s e iy
el an forprjectstht requre teams of up o eopie. Crysal

Gvinv-z 5 ot o il i e, s o e
91040 peopie.

shoul bepart o the process:
2 el e ey

= Ui e methodologes ot ore el

= G elrence e bt mthalontes b weights st

documentaton,

ot nfomaly. U hes chracerstis nyourprojct
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e

fomest el s oy S o e s 5l e o e 10
contoled envronment

i neceson This concept o Rerations and requent e vry much e he
concept proposed n .

ftefewmetadoges o e sty
Pl o i s 1 he o e ot s b e
mad o e T e o s e o e e
e Tho ot e ooy it e et s e antore
s iy e o o
i Encourag dose commun
s commoioncanoe it ey okt o ot

ofefort n sacking th anwer. ot communicaton asicaly requres tat
]
Sraups ar m separate locations b il n ery cose rosiiy,

wevr, i order 1o ahiese o reater benefs, he following propertes
e e

s
ot on th ah at b, T allons s et know cacty whet
o s o v o e i ety v S e

by ther s memers who vant 10 fake adkantoge of thie specil expetie
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problemsan thes are unable o o thf own otk

<nsyand ik acees o anaer,

st confguaton managerment, and fequentntegratin.

matzed n Figura 5.2
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e again,thereore mulipesimiaties it the XP methodiogy

documents
= M s vamard eresionwsing,
 There vt use ol

= Trre e o e vieviogy ol

tobe mantined by e
e e o i s f 0 o i,

i

Fecuring 3 much mate et of s,

533 The Unifed Pocess s Aglle

many work products o arfcts

oferations, repeating ol the phases for sach teraton. OFcourse the v 5 i e
etate it exactyae wetoclimnae o AP o make i more Agie!

RUP puginfor XP.
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T Scrum ok consts f eamroles, events atfacts, and les. You must s

sproducea e e cch
S projc e e s o my v thrsgpoing ks f
patis who re el th s of o ot

T prodct e, i represent th oice o the cstomer and enres that the
mummmmww

oy 10
= NS Hoser whe ke e e o tackond avts e 5 ollowed 55
o bt o5 ot nder

il
praces i, () mpecton of aifctsand progres), and ) adaptation wherever

T common defiion of when a1 e is omplete 20 developrs, he prodct
wter,and theScrum Mastar can agreson whecher an ems e

Serum EvntsThe Scrum processmy besummarizd sa et of seqentil actviiesor

il e mplemente dorng hat i

ensure mecings are shr.

o et (which s nputfor the spin laningfor th ne spi)

fesons s nput o the next sprin plaing
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Scrum Artifacs i anysoftwar projct s mportant o defin the arfacts produce

convoling e projct

or 8 produet.Theprocuctowner proiize and orders the equiement,Everyhody

spint baciog.

15 hours usly

sk s on the st back and e partculr s

compiee) project

plyed chortshowin the emaning log i hecurent spint backiog

apar.
Seum
ofscums” mestngs.

535 Open Source Softwar

Can oty nd mprov the rogra.

Mo, 3 wel brovser negrated wih other reted programs. Mozl incles

nent, it Fefox, e populr b browser. Severs popuir dtabase servers such
35 PostgeSL and ySal and many et infastrucire programs soch o B,
encima o Postare ali apen surce programs.

is 3 emendous varaon n open souce prostams an e development.

anc th lengtn of
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s, Mo rgoms e ommercl e nd ed o oon s
ot e s esred s

e ;

e e ata o v

met el
 informa, eaon g i . Commcton s done fr

ommincatonit ! o dcumerton On vage f s o
morications e asiy archived and dsseminate

it customers, Mostprograms sartwith somebocy s et srtchan e That

Common e of e ok ofcstomer eedback

= Shored sion:Succesl opn source projects usunly have srong lesdership hat
promotes ashaed vsion. Forexsmpl,Linus Torals, h creato of i and the

Sometimes Tk

Source code,

methodlonis

Lorgerteams: Ahoush the core teomfor et open source prcects s quite smal,
ranging fom one or two people 1 afe dozen it s often larer than most Aoy
teams. Als, many more usrs and deelopes prowce foedback, and 2dd smoll
e e

gl methedologesput he team nth same com

e,
amuch smallr ol

other factors afecting the succes f op saurce projects,nclucing t
s g o e el s s ety e
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536 Summary of Processes

ol Table 51 sumevarize the processescoueed s chaper.

e drcinin hocins ey e
52 compute h ol s o nch i of proes.

Choosing a Process
W fuly el tht thee i o process that can it lpojects. The process nesds
10 be adjusted o the preec, o the organiatonal culture, and 10 he people pr-

projects.

St heprject The atonalUnfd Proces, dscribe i Chapar 3,5 3 nstantton
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ofthe P that sk recogizes the e or aaptingthe roject XP, and mostof the

ecessary o verly whichpeces fthe Agle methods wer used.

5241 Projects and Environments Better Suited fo Each Kind of rocess

thonin picemeal shion.

5.4.2 Maln Risks and Disadvantages of Agle Processes

practics and deas an b ncorporated o tradiona methodoioges
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custmers. Thi evl of contant customer feedback wil iy not vork when 3
i

during hescceptance tests phse.

he e team,
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praceses.
mentaned anes e s follows:

sl understood and implemeniec.



produce softvore
= Efcien handing f changes: The processes ae designed with th assumption hat

The

Uit syt Becaus the customer i vl and the process s welwith

55 Summary

more diionlones,specicaly AP,

may be el i hr gl ot
5.6 Review Questions

1. st th four corevlugs o

2. tstie P racices.

. Exlinsomeof the charctrstics of Agie methodlogis,
s

o,
6. Compare and contastAge and adiona meshods.

7. Agle methods prefer woring programs over comprehensive documentaion.
erae)

5. Whatis et drven programming, and which gl process aocaes 17

57 Exercises

.
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it lone? Di it ke moretn than o done lone!

2. 3. closs pojctor o your own, st ven prosrameing Try 0 wite et

Chaper 10 rovies more formation abit unit esting an et e dever

recuied. Fous on ses such a5 prcect sz, team sz, continuing mutile
ane

worduide cistomer support
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Requirements
Engineering

OBJECTIVES

= Dsfine requrements engnerig

= Discuss th stap of reqiemnts engiesin.

= Desrb th dtat ofwht o do and o . o the tashs within
each stap i requtments enineerig

= Analae severl graphical angages hat ae used drng reqiements
engincering such a5 dta ow dagams, s cass, and ndty-eationsip
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6.1 Requirements Processing

e e st o el he sy . v, v fe
remerts that encreach on the how prt and enter o
e reamof i e Abough e k] o o it e

‘ e L One of th to ressons for sofvare prec e s ncor

The sgnifcance
ofuser equitements s now well apprecited, Managing require

{essofthe softvare development process model,
The folloning requirements engincering actviie are involved in 3 softvore

 siciion
* Documentationand defition
3 s

= oo

sl

= e odsion

* sgreament nd sceptance

all softare rojects. How uch and when thse actiesare prcticed and i what
quence s th centrl theme of i chapter
611 preparing for Requirements Processing

The fistsep to requiements gatheing and requiements enginering is o ensure

lanned.

61, must be perfrmed

LR p—



ore st i ot o ks e, T
incue th ol

s oreiremens i) be et

* Resou

e ———

o foseseraldoys o weeks o develop.

customers must be invcved becous rcuiements represent thef neds an dsis.
Management must sso b nvlved because resoures are equired t perfor. the
acities The management rom both the usrs sde nd the sofvare deveopment

andcortover o i sometmes adiabie forreqrements engineering o keep iy

e exnsing el b conty gy s ok s
s st e software projct
e o 5 e upa. e ot —om exefened st 0 the

e

s vl bt n e enremens et v
st lrge softae projects, the preparaon ffor, which may be viewed a5

tal o the scces of therest of e sofvereprject

612 Requirements Engineering Process

ments devlapment may comence. Thre are many cifren seps it requie

ments engneerng pocess f clear o 3 prticpants Figure 62 1 an sxample of 3
commen ecuements engncering process.
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Fgue 6.2 A eqremens cognsing procss.

ee
potental subactmis
1. Requiements deition nd documentation
2. Requirements protayping
3. Requiaments eien,
i e

il nto 3 vicious cyce o ehedule and resource consumpion.

of a fialzed requements speciicaton document. T document mus be agreed

s eouoh s e ot s e e s s
asning pralem whersthe it ol 1o 2 Wit ayone'sdeein.
v sopa e mey appen ahy e G h sowars cevlopment
Cyleandis oneofha worst causes o schedu and cost v
o many ofth aciites hawn i Figue 6.2 ned 1o b perormed dépend
ine et St ro. ey, s f v Agle s Gevores m,
mistakenly abandoned 3 lrge segment of equiements engincerin.



the requirementsare iepreed corecty. The mistake o not taking the tme and

many good easons The fllwing axampls of negaive consequences tat ocur
perorn

reuirements enineering

= There are i documented requtements t base esting on

= There are i greed-upon equirement o contrl scope crep.

1 There are i cocumented reqiements o base the ustomer riing or customer
supportctiies o

reuiements engineering actviies.
oty v e v o oot deros o
e, o o vl s e b s
et ot Trre o owent s ven o ATt ke 0

herebetween these o extreme ands o the specum,

6.2 Requirements Elicitation and Gathering

sytem Dnly a few of them become reqarements anahsts ater they o acquire

are e because usrscusomers do ot aiays now o to tte he
s 2009, T requitemants anafyst must e good stener and icrprter 5950

ofen ha s o ricue terminolog. For example, th medical and healh ncutey

andar contnally claribing the reuirement, a3 e saw in Chpter 5, whre Agie

prjects Homver, s mpracic o expact th usrsand customers o be i constant
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here ar el of requirements elcttion. At the high e, th reqerert
anab st e and anerand the i oonale o scaton o e

need and desier
nalysts must b prepardto condut th ectation nd gathring. They must e

Severs mockes
Vet

Wt prformated form)

* Orine form

St witen and oni s fos e recuemens s (0 tave ot
thoush

e T perorl rd e conac i 1 s e e o0
o avston g o e sl o ot Tt

et o e Homoton he reede el s g Uy e

Ui ity G for s s s 1 6

outgoing nd serive

T s st shoukd s gt i lonaon bt s e
oy

Shoud posess.

6.2.1liciing High-Levl Requirements

enecuives who sponored th sofvareprojec t undersand th business ratonale

e o tis ihlevelbusiness profle ncludes the fllonins

2 ommunivinets
s

=ty o

. .wm.mmm
* Succes e

U s



exampl,the

thectomer.
he. other

theareasfor maor requirements

mojor ones i kel t0 b the alloted budge for the softare projct. The project

Sehedole must b der o th requiements nalyst

 improved inventory contrlviaautomting oderand shpping procesing
Onine cstomer rder
* Ortine defveryshipping contol

Although mre-detad funciona recuiements must e ecied, hes st evel

Droperre o the busines.
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are toined. Thus . mpertv to gther and aalze a werprofile, which should
esponsibies,

ety e e
s igh el business oot requirements re essental 0 the overal succes

prjec gols Th requitements analyst shkd t thse Figh vel equirements o

Droc ot desmed a scces e hih v business gols re e,

6.2.2 Hiciing Detailed Requirements
Once the higheve recuirements re gathere, the dcaled requirements must be
e

[ree— Dt ottt rasce

Figus .3 T s ersions o reisents,



example, functionlty et fora payrol ara y b iy stote s thre e
s

cas, et it functionalty ecuiement

et requirementsinformation el T i o he noton

contert c o [

e wtisecat

lscussion of the applicaton’ nput and output data What s the information that

Some businee processfw, hen that low should sz be descroe I there ae dta

These

i systens nformasin cages or waring meszage. Incuded n
ettt it ot T

thenext categon,usernterfces.

imay b usd o o "ol o typs of cholces,an he uses personal o bt

Tne o

inmany
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Tt ottt e o)
= Transfr o dats ecty ortrough a dotabasel
o e o ke e pes nd s

* Rty copabiies

messages long vt the respective recovryan ey methoclogies.

and adaptabity T cotegorysrves 5. ochal groupand acts 3 promper or 3l

e speifd.In e tretening aplcatons, he ity and the vaabity paramecrs

e o usr ey of ot choces n 3 web e el aplcaton. There oy e

modicationof o support o the sofwar product themsies

6.3 Requirements Analysis

setotdota
man ks

1. Cotegrizng or cstering the et
2. pioring the reguiements

Sround buines and e o,

631 Requirements Analysis and Clustering by Business Flow

e s,

ollow the s dimensions of equirements trat were dscussed arr
1. it nctonity
2 usines fow



3. Datn formats, and nformation nescs
p—
5. Inefaces ith othersystms
. Constints such as prfomance, by, andsecrty
egors e o sy mataly s, A s ey b o
e, anderthe coagorof onssins, ey b 3 equeement
oieing sy o o o oy e n e i

imensonalty by uilizng a prfi nd a rumber s shown n Tabl

o it Asig i th st umbe,such a5 B, thn assocteal the fctonay
et and number ther F1x. The acions  may be usd f there i more

recuiemerts, 11,1712, and -1, ooed  he business fow,BF1.Th data and

61 the bl

egore i d o businss flow.

ment Tt there may baa F tht s ested o two business flows, 55 and B . The

Tl 6.1 venetsGesrstin s

ey L E
St a2
[T ST
[ o v
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Srauped by some aifcal o conecured busines fow: This methocolooyof keying

methodoogy

6.3.2 Requirements Analysis and Clstering with Object-Orented Use Cases

e anays

P —

i posteonciton o thefunctionity
= A rorconionand alemate o

togeher
erlsteps, sarting it dentficton of ysem boundare,

b v, The et ofsysen boundais s i e deke

metcngwah e sy,

Figus .6 A grasica et o an s n 8 it vty



symbol of s human tic figure susta part o the UML neaton. A copy of ML maybe

Ecompes ofactors ncude usrs of th systm,other systoms, hrdare,network.

recuiements anayst should sk the llowing quesons

Vot othrsstems reusd by tis st

System thtnterace wih . They migh b descroed asolows

= oo e s An el syt proceses st e g
oo cusomer bt lommtions e it i e

thesystm. That s the use case il dfine the requiremantsof what th st must

ould b3 oo

the speci abel

usig UM nottion, s srown n igure 6.5 ot hat hetwoactors,sipoing clrkanct

angle represes the sioping sstem The boundare o th rectangle st for the
Sipping ysem boundarie e he se cses ar cepited ot i el orm i

adidonal UM otations. i wil o g it the detas ofthe UM otatios here W
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=0

P

Figus 6.5 U o oot 0 UKL

bttt he acors.

it sk futher
system boundary.For nstnce, i processingsppinglbels shoud theshpping clrk

ot shoud the order sipping sstem include an atomatc weghtclcltion and cost

P pe——————c
= sctors

* Relted usecoes

= Bouncary conditons

e
thesysom needs

633 Reguirements Analysis and Clsterng by Viewpoint-Ore
Requirements Definiton

ent akeholdes. Th customers who pay for th sytem often

ineface withthe system on iy basis.For  arge,complex
system hat has many subcomponent,th difernt users il

ariclate the requrements ith vrid emphass and derse




specc,Fo exompl,with oday's large enterprse rsoutce laning (8P systrs,

iy, T el pron i e e i s s v e
fvanial fngo and an emohass on france. The homan reource perion il e

- nty skl e v

. S e v v s, i fcaon s v
Common ones ogethr.

3. e thecented viewpoints

.

voro,
Sommervleand Sawyer 1997

63,4 Requirements Analysis and Prortzation

« limited resources
* limtedtime
* limited technical copabies

many e, incioing th folloning:
 urent cusomer demanc.

= Compeiton and curent market condion
* Futore customer e

* immeciate slessvantage

Gl problems nthe eisting procuct

e rquirements anasts usaly perorm the priorztion task ith the alp of
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' onepsgeqey  Amsor ety Aecepodor
mustespondin ot il
Testhan 1 scond

e
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Posponcd
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Figure 6.6 Fequteets protiation s

apgroach hers the st persusse or vacal people can bis the protes of thele
ot perec ot

Shown n Flgure 5.
* it i e ke 3

ease, o someftur e, Tis nfrmal appreach gl sed, bt e pr-
e aoptinl e

yan (1987, Tis approach,

ot with e of the cthr recUemEns i  plcs fehon.An “ensty alo”
asigned o i eainship. The reqeaman: with the ighet overal ienshy values

i exampl of AP wil cofy i spprcsc

or nansty s for compaing th s of rqiements st o 1 g . e
 paiof eculaments, b, ). he ey vl considered to b 11 deemad 1

ol Tabe 6225 e st f e pse e

i (R R P Reulmant | i st s mor kil o
et 350 e g v o0 P, ) el o o2
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e e Rzl

Il Tl 2y e o The s e i
representadin Table 6
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635 Requirements Traceabilty

e mostslgnficant s th ablty 1 trac bace afe deveopmnt 3nd vey that i

and Sl (1998 v st four types o rscesiy

person o ceated

3. Backwand 10 ocaablty: ks design and implamentaton back 10 the requie-

. Fomwand to rceabity: Links cacuments preceding the cequiements o the
‘ecurements.

onships. Requiements relatonshp matices may b develope o ecp tack ofthe

50 mportant I th equlements e o be racease

Requirements Definition, Prototyping, and Reviews
Requrements deinton, prototyping, nd review are repesand 35 thee acils n

it the brosder contscof sl

tons oGl s s o Xl he it s o
Sparoachshown n igure

B T ——
ot iy i e
smitreqest  kfor o

[ e —————
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inroduced a rt o the encty relationsip model by Pecr Cha i 1976, Al these

s st n i

3, dat fow dagram s composed offour lemants: (1)

[ ——

—
C—

Figus 6.8 st fow g

L R p——
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nformasn that s o,

= Condnaty
= Modalty

S T At W ey Bk et
i b T3S e s st o iy el e

ated n Figure 610,
KT ot ot KT i e T o ok
Feresents molipl ccurences, Thee may b sverl forms ofcrinay

Onetoone
= orecomany
* Manysomany

o prson The on.to many exarples ey shawn i Fure .10 A many to many

conthors
T -
Cardralty: Ssco ot o coororeas f e

Modaly:Spcie h racesie o icashi oot

Fgue 610 An ety lstonshp g,



PP S————

1 pnca T

Figurs 611 Bt of s iy and s it

ok cplor e e e s W v o e ok
However,

withoutan author, Thus th rearement shown n Figure 610 states that bocks are
optonsl and authorsae mandtor n tis rltostp.

colums 1o record, 5 partofthe requirements. A the prject moves long o the
s phase, thetabular form may b converted o2 ta ity

i he ystm intemals nc the lgorthms. ntac, e focus o th users and ther

= Visallcoksand display
* nteraction with peopie and o

In the carly days, the use interfaces were modeled with paper bords and fip
Today he

anayss

Toda v
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paricipation see Ambler 2004 n aiton to visua nteraces, there i > sl bt

i, see St (2005} st for more detils o deveoping and prototyping oo

of requiements it the users and customers. These reviews may b conducted

forma i nature: Formleviws and nspection methodclopy was st nvoduced by

essental pat of he requirements anlysis and protoyping. Catcing requrements

into molile design erors, each of ich n urn may become 3 surce of severa
programming arors. Preventing 3 equirment eror fom excaging i deinely a0
“conomcaly wortahie iy,

recuiements deiions. Someimes 3 fllovr-up review over the modiicatons and

s

suchas design,coding, an testing and nd up i hecusomereease

6.5 Requirements Specification and Requirements Agreement

incuded in s depends on severl parametrs:
= Szsan compliy o

= Soseasen e ol s ot ave e lanng
= Esimateand epecte number of customer support ctivies
= Knowiedge and perience of the developers i hesubject rea

plnees

o s e pernes o n vy s e e e
and cod developes have very il subjct mater knowledge



tehare s dsedtequemens e decamen
mended sanr, qdeine 530, o the Software Requiements
Spmhumn Gocument that comples it he EEEA Somdd 133073199,
el
otvar e pecheston Y

defritons of e

 fncions, s et or ot epndences

ot enen b ot oo o s ) et o s
thot nclde user inefaces, syte. nteraces, network inefces, and hordre

Consrins soch 2 standarcs o hrduare iitationss () adtionl desrions

ofibues s 3 sy, sl s oy nd ) sy ot

of s . deine may b puchsed o e EE v B in e
Somrrinesdng

ment shou b sgned of” This may be i 2 form o 2 fomal clcument such 55

ot manysfwareprojectallures, a discussed in Chapeer .

6.6 Summar
s chaptercoere th folwing majorseps o requiements enineein:
« siciion
Dot dfnn
2 s
o
b
= feieword vldaton
* sgreament nd sceptance

e 25 art o he alcaion process:

+ iy
* Business o
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Dot formats,and nformation nescs

= Ve

* nraces it

2 s s petomance ey ad sy

Sl methodog, g prorten i e s o
gty e roparements. Al eaemants eed ol
o

st Exjo 3 e resomnat g 1
in

e e vl modeng st e o ey T e U
D7D, 37 5D, e o h et by ke 1 o ok

especally with user nterace. The user and qulty eviens o these rotoypes and

s ol shod beres
iy

e
s softvore ecuir Scation document shoud b poduced and
Sy s i ot ot o,

6.7 Review Questions

.

neering process.

ments engineeing?

colectig tequiements?

.t s e s 1o il e o coser e piriang
‘ecutement
6. Whatis th vewpsnt areted requiements defintion method sed !

Conside he stuation where you have e fllowing four realements fo an
amployeenformaton sstem:
= Response thne for shot queris st b s then 1 sacond

employee record

employeds st name.

mand, o human rsoutc department personnel vl show empcyee
et s e ot
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8. Exlin inan € diagram the etionship between proyarmers and ol

witen by several programmers.
5. Whatare the four types ofrequiements aceabity?

6.8 Exercises
1. Discuss iy it i mportant to document the requirementsspcifec: st three

2
e e o e vetmemen ey e

Agle methodoloay:
foms Discuss why e would e 0 o hese sctities

. In colcting requiements oran employe informaton sysem, th enployee
i o ey Vo st s ot ot o s iy ot Yo wld
Charactestc foreachof he sttt

s

e siximersions o reqrements

ment serve? Wra rethe potental proems hat may arie  there s o such
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i o el
€. Gane and . Srsen, Structured ystens Ancy: Tl and Technques (Uppse Ssdde
. eierai 179
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Design: Architecture
and Methodology

OBJECTIVES

= Ut th cifrences et schitacus n o s,

= Gain knowadgeof cammon softwre archiscat s, e, and rfr
ence st

= Ga knowedge ofBasic techngues for detald dsin, ncuding unc-
onal decompsitin, elationsldeabas desi,and oject rented
e

= Undrstan th bsic s v . ser-ntece dsin.
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7.1 Introduction to Design

intangiles (e requiements) o anothr st of intangiles (the desig. Software

Sanse o civid the dosignphases o two part

= Architecural dsign phase: Ti s 3 Hghleel venve: ofthe sysem. The man

techniclconsiderationspovid ot of hediv o the schiciue

The archectue and he funclionl requrements dve s phase. Th archiecture
orcuides geners uidance and o functiona earements e

R

e e hrcenpomong e

chicei snd sl dsn 6l herels oo

mumm-,m-;;ﬂ;m;gy«n g e e o erent 7 e
s st in th e e of e equnemet

m.m«m\smmm e i sowi ke mh

 nfuentia requiements my be nonfunctionsl

detaled desin, with the mapping bing deal rom one rchtacural compenent
o sevral detalisa modes

g 7.1 e il mong et s, and sl dsin



sl alms a1 ol sofvare processs th el o the dsig

olgle th programmerencs p doing the sctual et design.
There of

e graphicl Ahough many ifrent ntatons have been propase. i the 2t fow

o sndar o s o bjct aied (00 deign. T
30700 UM b e n o155, e e i insy
sate that 0O design i  techmique that modes 5 cesior
lases,her eatonships, and thencracios among them.

7.2 Architectural Design
7.2:1 What Is Software Architecture?
The software artecture of a syster spcifles s basc stcture, n many ways, 5

Sofareschtecture 3¢ ol

The sefvare architecure o a progra o computing system s th stnc-

e orstuctures of the ytem hich compries oftre clemerts,

mmmuywmmmm»mmdmmmu.m.mmws
mong

Thare e vl mportant ponts o nte sbout the srchiecue of s

= vy ysem s an archiecure. Whetheryou make  explil o ot whacher you
s ot o o e

oflhose srctures,and documnt e i sera s

ncemale o sch mocie.

7,22 Views and Viewpoints
e foct tht o




theone o3 photograph and s sbject

Process [RUP) Kuchten (1995 proposes hving four architectrs views 1o reprsent

intispaper:

sive
oses and the reationhips mong ther. I 00, 3 chs & 3 conceptl cement

e requirements.Th noaton se i basicaly that of ML s g,

g

exportand impor rlaonsips

cosas, ks, and ojects e mapped 10 whichnodes.

s, Clmnts ad K 203 e s of o s and sty
them ntohree e

. Views
ofthese types incode hefllowin:

submoduls:
= Uses e, whichdepict how moduls depend o cachothr
i enetenion vews eyt e oo Wy o cses

ool nder this ctegory,
= Runiime views: Represet th runring stuctre of he progra; alo called com-
ponentand-connectors views, Thy idicate how oxcuting modles or processes

s g s e e dogas o
cunencydia

oreach modle

okders. For examle,an implementtion iew, showing which modsles e imple

wsefl fo many more Kins o stkehders.



Jou e to think hard about which views o produce,

7,23 Mets-Achitectural Knowledge: Syles, Patterns, Tactc, and Rference
Aresctures

archtectues shte common chracartics a many levls.Softare engincrs have

tctues, and 10 provide  stariog it when cratng an archiecure.

e aiferent vy
= Auciectul sty o patrns
= Suchectus tacics
Y r—
Metsarchacual nowedge serves o main puposes. s, it can be usd as
sariog pan o Pl s e sag e work nd roang

s e e e
Jong th st common srchtecurl s th flowig:

proces st g nut s s f the st 310
bl st of the i the topoloay i Inea, bt ccasonally thre coul b for

105 15 th conceptual model for many 3udo an video processing spplcations.

famenorc

and communicate with other components hrough evens. Modern araphcl ser

Some evelWany ituted sytemsus s st 3 wel, 5 1 allos o ecouping
ofthe compnentsand casy eorganizton of e system.



e ouptr 7 D e s Hthosdons

ing protoccs or throush remote procedure clls (C, Usual there il be many
e acessing the same save, Figure 7.3a) shows a clletsever arhiecure,

Version,withseverl diferet s of servers,

witn o of the

support became:a necesity . st of the powrfl et deskops.

Giply I thecrignal version  comole ook cor o anating ser nput, s0ch o

o e

dotachange.Th views egster with the model, can mody the modeland espond




Fgue 7.3
Pl

modelporon esides n he server.

fathr than ayers.Fgure 7.5 depicts > common layered system, wih he Java A9

Figur 7.6 Mol e ool ot



Figur 7.5 common sere s, it the v AP imlementon caling ouation
e fncions, e it commricae it el s,

Kemel functions. The s AP <alls functons drctly throush the opersting syster

o ave toush befor beingprocessed

hemsives. A big aontage o s syl f tht t nodces 3 ayr of i
ot the datobase,which s sually cald a databse managerment sste (OB, A

thecatabase, whichallows he programs  assume thoseconsraits s escs 3

technoogies s database desi n o dept.
The database-centic syl i commonly combined withth clensene st o5

‘oo th et ierct ety ith e dtabase.

For sy e s i e o s i e s
of constints suppore by rltonal DS, Although the b techlogie:




Fgure

76 T dotaase.cotrc s, Tpialy, e s comuricts ety vih e
P

o

o portall those ggers and stoed procedurss . s DEKS.

implments the business logc nd communicates it th databas. Ti kind of

ase beng the model, and the applcaton saver Implementing the contoler nd

e Fgure 7.7 ustes he three-tar rchtectrl . Figure 7.8 hstises 3

Figue 7.7 b s sl i abich s do . canrctdecly o the o,



Fgue 7.8 The 326 aferce hectre

e i s ection.

thewhoe e

Arhitotura TacticsDifernt rom styles and paters, achtectual tcts solve

e o v e s bl for e s e s
o a5 ht e o e ot Gt sy, and e vt (o

et fing vithaut anybody moticing i something ot relly o, Ths e oy

anothercomponent that s esponsil o detecing e

Scibed nterol, The it Getector knows o £ hould receive those messoges ant

Girbuted syt i s commorly nown a  eartoeat.

i iooundsapgecho et s
‘hough each speciic tactic is applabie only o 3 fmied umber of proslms,
ning e s o v e et B e

efrence rchitecures.ful fadged rchitectures tha sev 3 tempies fo 2 whole



s of spstems. o, Moo Doy 209 dlne e e
et of prnipl design desion that s smulaneoushy pslicbie (o mulipe

taton deciions.

7.3 Detailed Design

0 produce 3 detaled desig. The developmen process sed detemings the el of

donein theimplementaton phase

731 functional Decomposition

bt some o he

fomthe moin module.

methods tha are particulry hard 10 implement. Ahough objectorented systems

modulecoresponding o one o  few relted webpages.

o e

and 8 register and rop stcents fomasecton.
i syt

ton e

sy e et
Th vl ot 10 prodis module deconpodton g, whers e -

Characterstic of the numberig scheme s that ach module gts 5signed a oricue
number,and i sy o see th el ofthe moduleand who s prent .



Figue 7.9 & modse decompasitn disgam o 3 stdent et ssten.

b made

Figue 7.10 nlertive module acmposilon it oshseapeations 50w
ot



e
‘o0
oo o coheson nd couping il beterdefined and clrfec
732 Relaional Dtabase Design
dotabae echnologes.
st

o on elations dtaba
T rlonl dtatese,fomatin s v n oles, oo calle ltrs.Theyare
o dimensions et of ot with rows o called tols) anl colorn 0 cale

wotd, and columns comspond 1o atrbutes of hose enties. Actons catabase

implemertatonsdo ot have this equiement.
Database desin concentrates oy on o 1 fepresen te dat requied for the

our phases
= Dot modling: This usual etals creaing a eniy rlationsp (EA) model o the
ann
custcin Chapter,but  my sl e o b exendec and e

relaonsips

s o aach atrure and wiat inderes tocrate, Sometimes the lgical shem 5
mmvmu for effciency (but s shouk e done with extreme cae). The otpot

Tt eho Sometmes eons ey b s ok ot vl s Sk

ciionsare made dting deployment and aitenonce,



 Deployment and moitenance: The i i ar o at,inchcing where the
e Sere Yot ey o s o RS s e e

mance reduce space, of refet changes inhardvareor ysem usage.

ata Modaling During ths phase, » et and compete 5 model i crene
Documentaton for the ER model includes an ER lagram, song ith anverations fr

ot ietonarycotaining ol nformationpertining o esch st

need o e rfied,or o diagram vould need t be reted from seatch f one does

e oreationships.

denton another ety forthei dety.

your DBMS support a prinitve), whie compore atriutes are formed of several

Simple tabute e i nt s, e, an st names 3 commonly done
he Unied Staes) then . Composte e, Ech of the parts s, mide, o)

et

for

‘epresant themwith doubl oval.

s hae difret s, il mukialued atbues have 3 st of values fr e

i,



Figur 7,11 iyt dia o coss, s, nd sk 3 s e
aton e

oty e et e o preseedin e deto n e
fgure 7.1 shows an ER dagam for a portion o  couse rgistaion ctabase.
eresents courss sections, nd sudknts. A secton s weak eny,because s

enides. A student et grade for a partculr scton

theprocess s fllows:

ey g try O s ol e e nd
Cecton s weull b wanomec s shoun nFgure




=1 ==
| =

Figue 7.12 A ltionl shema diagan o covs andsecton.

Figue 7.13 & elationl schems o o st and i,

Sl The relatons chema would resembi he ofFigure 7.3

onthe ind of eatonship

. Oneomanyavmany-t-0n: You o ot need o ceste anew table,uness

h eationshi e bt st o ey feence o he tble

many”ide_tnat, e eniythat

can e rlatet ot ameeny.Note tat s s what e did o Scton
Flgure 712, hagh hatwas for  weskenty.

Oneo-aneFllow th same proces sad ith one-o-many,but you he
ke Yoscan it e rag o it e 531
ofthumb,chocs the ety thataays parcpatesinthe elationship o
minimizs s mmmmmm xpectlhve the fwest nstances.
e 3 new tabie,wih forlgn ey eferences

mmpmmnmm,.nymmﬂmm ionship. Theprmry

Ky i th o of e st n he primary by of te paripatng
e orampe o Totes oo et
o mapped o3 nawtable. Figue 714 shows the mapping, long i the
o e efrences,Sction and tucent.



o o

= Coron

Figue 7,14 & eltion! schema cagan eprsencinga mny oy s,

Notethatin gure 14 th o from Takes o Sction s i dent
ingtht the forei ey rlationsip s o he furattrbutes ogether ot
3 3 e e the scton bl 0 vt hving composite e
Ky rferencesnthatcse the B iagam would need obe updated,

ot At mny ol o
e ane e, contaning o Ky erences mmmmn"‘;
vesin o 5y st s o

Following s process, and assuming your ER diagram was normalzed,you wil

e o el o o e o e v, e ot
covenin i et e e Svgestd eaing ecton s e e of e hpir o
Sout tovorie datiase ook o adionlcoverage o s tpi

are

sich 2 EEE floating port rmbers, and tegers toe i By represen

ot the gencer of students n many diferent ways. It my be 3 sing (k"
orfemae, Bolean, o anntegr A comman t<hnique s 0 cete 2 smaler
encoing such s W orFand e able that s ranforming that encod

Compeesion o et atroutes oy o e



checking and asuming he oy of s would e the primry ey, you

indeses
= Denomotzarion: Someimes, usaly for peomance rezsons, ables wil be
e

Should be done 5. st rasor, beceuss t may confus developers.
"

ing the £R diagra. I the eniles e conceprualy dffeent, keep them on separste

Deployment and Malntenance During depioyment, the fnal dctlons are made.

botienachs may become apoarent. n many cases, parormance ¢an be improved by
e the dats tpe o s atouts o, mors commny, by 3ing o deletig a1

Index ot AeCtig the rogrms tat acss he. databs nany . Of

7.3:3 ObjectOrfented Destgn and UNL.
Many moden sftwar sstems a developed using abjectcrieted techniques. The

Grams may have been produce i he rcuiements i sep
i

gement

groms.The UM s a aphic design otaion,stondardized by th
o Ot e ey s por e O 1 e

Suggested Readings secton st he nd o the chapter

agrams todocument h behavor of your oot
Use Cases and Use-Case Diagrams A use-case clisgrom s prociuced dung he

Exch ni some

Add course, Add s, and Addsudent.




Figur 7,15 s case g o o rgation sy,

ing dealed nformation 3b0ut how the sstem ahiees those sl T detals may

incuds th tlug:

Essential Use-Case Documentation
o e e

e, secin s
ot vt bl )
Basic Course of Action

.

o).
2 Sudentlogs on osystem.

3. Sudentspeciies whichsectonshefshe wants orgistrfor.
.

recuiites,and thot ther 2 shedling confict

hisor b choies.

A sysem use case il b deined a3 much e v ofdeal




e aesevra baslc concepts et o bject orentain:

bt reprsant s i th rl o, Thi I il t the concept of sty

iy n e

e ssocttec withexchspecic oyt

funcions o methads such a st -t methad, which nialiss  Sudente
it dot et

i mportant concept n s deign i ncapsultion. I an object, bt dta and
s or

hich ones gt ceat
o D g, Suden s i s s s s vl b
(epreented s shown i Figure 7.
s mpovan o o2 st between two s, concet
sl o an E rltionshp, i two Important iffernces. Assocatons st shsys
binary. L

o sy

e
gt

Figue 7.16 A UKL s g o css Ssdnt.



Figue .17 A UKL eprsetion of st

e
el

ideciona 105 no, we all  nidciond.

Xichaolca have 2 o o e,

o

i

Basicaly, the contained clas s Just e an st of th contaning cass n UM

amond arawn n b

o exampi, assume w are modeling students and we want 10 eprasent et

e e tocep o 00 sl o e er s cs b
s fom another cass,  automatclly et 3l s atulbutes and mathods. I class A

Figue 7,15 UKL rprsntation of compostin

S sy
Zecese
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Flgue 7,19 UKL rprsntaton of e,

ihe bl o v sy et vt o o upurcis. g 15

v e sty ad srl s i 21 o
ol Ui g eing vernce son
ibses, Stodent oo Emaye, e lioni. 2 6 rllrsy

ine s s sl g e
Wnen prpsring 3 ceslgn, not that n s exarple w can dicove nherance
e o e o ‘i, . et e

n pecl scover e person

oo of el e
e o ey e e hen thes I s 10 incorporate: dtions
or i

thos, and thre arno difercnces I he ehavir o dta tht e model.

StateModeling I many cass, bject an b n st e, and i mparant

— i e o dgram. o el ot St

S i dopmn L0058 1| o v s o s when e e s
SUBTOPSAOTILI | o ey Ayl h ot o ey e

actvesudents. I hy il o el o 3 cetan number of s




Figur 7,20 st traniion g

sing
Sogingersor iy yess.

i S e of he dsn The ectons s e chses » clecely
Sccomplichsama sk o nee o be desgned. i UL these
et e oty Honeaed thoogs OB sonunce o

grams by many auhors

) arsrsausnes
R
s
wia i]

g .21 A UKL sgunce g



734 Userinterface Design

e user
the most imprrtan o get ight I many suatons 3 protoype o he ser iteface
i

Tha lent o

iy

s Ao st st s e ot il s of e, iy sl

s
S parmccapenary s eﬂg\neer& e “geck who wss computers b df.
“orcary”
population s dificut s
1 beter n most chcumstances i lave Ul design o specklits it waiing and

00 the . Thare s il s it s ntece s
e s ofntrsctions with e program
il

theprogam.

Flow of Interactions 1 the Inteface The user o st has specfc sl o b

Sequence digrams designed for the system. Chapter

s 3 o e 6 nd st e S s 1
Floure 5 Usecase ataton n UM Figue 7.15 hoves

e the sl of th accoStudent n thll usage of he

o the system. e can see the iner desion o the soluon for egiterzStudent
Stdens,

igh il (done vith 3 varletyof screen e sotwas Uk Vil Skl Fgure
e ook

and e of e ntaface s explored wih thse han drawn srcens.



e

Flgue .22 Loty protoes o registion crens.

e low ey protoype actviy suggesed the followin four s
1. Regtrtion nal—Selecttrm

2. Regtrton Tarm—Select fst course

3

s registationicot (noukd show  pop-up sceen with l e
. segitrtion Confrm scheduie

e ket el of the nterfce continues o develo.

forthe sysem. Th flows o nteracions s he ntrfcesr v thecient o ser
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Registration

St ot gt S5 =
el

PP ——— -
Registration

D Schosterm 1 e - Seog 2012
et core s 4 PG

(g Coure | ["Carce | i |

Figue 7,26 High sty oty of et Tem-—Select st ause
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CHAPTER

Implementation

OBJECTIVES

= Desibe some o he charceristc of good ilamentations and the st
ractices that hlp e the.

= Understan th ol of comments f podacing gosd program and the
charcarsics of goud comments.

= Lean s o thetachiqus o ffectively debuggng progams.

= Anaya th conept o efactoring and o eactring techniqes.
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9.1 Introduction to Implementation

longuage, together with s supperting actvies s refrred 1.9 mplementation.To

Doing thedecaed desgn as par of th mplementatio s usaly astr ut .y

It 0 otherproamms
e mplementaion pase ivaves morethn st g code. Code o nees

iffrent versons of e core,

I this chapter e cover i apects of mplementtion excest testing which s cov-
ered i Chagte 10, 3nd b and configuration mansgement, which i covered
Chapter 1.

9.2 Characteristics of a Good Implementation
s s god st ks e lovin etttk s
2 good mplementtion

= Haitinabilty Th code can be el moified and matined.Note ha tis s

tht perorms s fost s posible.

ekt e e o e,

reuiements and dtaed ds
= ol Aol e et e e

hen maybe o pedormance,without 150 much emphsis on teadabiy and o
i, o iy s e g g, ke e

Derormance o eser mporance in ot s
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both o

somedimes aven perormance,

9.3 Programming Style and Coding Guidelines.
Amost ll sofvare evelopment organizatons have some sor of coding guidelins.

Sy, e that may b contentious for many programing o Notice it here

ot e o b2 cotentous o it b expeces,
s that most of

oosonhn s e r sty o b e oo
Droecs, her are syl some progaming conventions. These conertions may

syt g o ranl s i o s o0
e together, hre the 011 prfx sgnie  cerin comporent
N

message it some dentie hat allows te programmers o ety fo Sebuging
urposes,uhee the message was sued fom.
nathr pat aly made i g s the ecommeton of b
g e rnge e + hove proved,for he orgaizton.
rene. o st ot argonanions il b e o o st o i

onguage eaures.

ettt the s that fect cocing e

malsecion of code.
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theconvenson of you paricuar programming anguage o pltfo.

 pcrhamn oo goo e

i ane ot e e we e 500 1 sepste words, ot ot

e ol i vy s
ol of convenions, e C g s o e e, i

B stattc ot Targestiins arr(h

Nowlock it veron tht s ndented incorecty:
b static it st et
et

are(h)
frtistciichaitete
Eotlirgustearetin

pbTic static int largestiind el
Seceriiare Terstndan
T curlarsestoarr (0}



ot Lol
Curlaraesiartii

e 5 very importan:

ollow . Tha most important e hee s condstency, because programmas wil

= Funcionmethd e Wany el have shaw tha g unctions o methads st
i, vy

e kgt ch el 50 e e
i can comfortaby ft on 8 scrsen ot ag

oot o o e o o o e B o o vy
vitagous Tas coul e et e specing st s go

ey wsualy

the 507 kayuord and
o and v

thlr aplcations We ecommend that dangerous constnucts b banned by deau,

demonsrte tht th benets outsgh he dangers.

9.4 Comments

iy problers with




untrs. Taptenaniton

those defined by McConne 2004}

.

ollowing comment

thenit souldbe reurten,

ety il mimteth nee forthe comment

descibe what th code s supposed 1o do rather than what  doe, These are
¥

inen, then e code s wiong

Saement, 5 n Thsunction mplements th X1Z sigorthm, o eplained i

Gotain e dtabase bl

thecoce

thotare very hore 0 i and corct.



e coe cannot be abtrcted anc s 56 complex. summary con oo
Somopie. Cod crnatons and markes sk ony b e o ety s
e ol e o ok e s v

o

vith comments s that most programming books an ttorals,becuse

xamples of good commenting practices.

9.5 Debugging

the eors, witng test cases o proveor isprove the hypothest, and crarging e

oingprocess can o summarizd 5 olows:
.

produce herror

o, an possbly some cases that peror crtctly.Salzation als invaves

o 2 il sk i many cass, o b vy Gl sometimes. Moy errs

hveads e o prouce s tatappear o be o
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2 o

phessproduces  very siple s case,  may make th problem oo,

Changes that o no i hecoce anc may o ne erors.
. Vefction: The proess of erfction invoies making sre the eror i e,

Chang inth corewill ot e e o mayntodce new eor,
rors in  program can be broadly ctegorzed it sytas and g o, Syt

theprobler

umber o erors,ether becaus of ompleity bad design,or probles intoduced
bl et Some ndesions oy b e o he s r o o,
e

the i <o, You il 850 ed t eam your own heuristis about which prts of your

e olowing ool canhep withthe debugging proces

Bt checkers that fnd problms wih your sy, g or syl Thy <
b

programs

S oty et bttt o

Gt e andmeve s
e th pre- and postcondiions dscussed i

= Tool such 25 profiers which de

intesing,

9.6 Assertions and Defensive Programming
vy usful echnique i the e of asertons, ich s et to the e formal
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Should hold e fterexecuing yourcode, e precondilons were met. 1153 good

it check  conition and procce an et the conditian s ot met. st moden

9.7 performance Optimization

thetrode.

action v cortan e s . pr of b coret

perormance T st gos & fo make progam that  correctan ey o matain

aboutit

ing st
eomace sty Thr e oy 3 few s f g ht v impac
eomace s s et b i

I’ o cases, bad performance i  symptom of abad cesign o bd coding and

ingany carty.

thom mochine time it may b chespe  lesve the program 95 s and st
e hatcware, B e progammers (o e S s artamaby st
the posiity o oducingeros need o be weighed
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i e o

9.8 Refactoring

improved.You il belaring o about rograming and about the paricuar
B ey

Iming i many ways,smiar © witing i a ratual angusge; fter

ofthe program or i, becase s wil mpact athr

mocies,
Mt Fower (1999) popuarized th term reaconng to efer o the actvity of

o
el and provides  cstalog of usful efactorings,

. Refactoring i one.

et anainoroe 5700
ol

50
of it smel roved by Fowe inclces th i

= Duplcated code (e vastel

more cohestveones
= Larg s same proble 2 ong method)

reslocedwith polymorpism, making the code clearer

tothe one it belon

wpproprte
doses,

iy, in which a s efrs too much o prate parts o ot

s 3o e
o

e 1 e

ndtheones e whdevion wilnca o caiearbe
o, ¥ refactorings 0 helpyou ealwith these

cording t Foulr (1999 rfactoing s change madeto




ot Fower dcurss
Bt mthod A proces that trms 3 code fragment o s awn methoch with 30
 serome ol the et

ot dear o et e sl

makes o e
= Exace s A proces tht divides ot

9.9 Summary

Resdabity
 homamatiiy
« parton

* Completeness

Should beincluded a par of implementaton

9.10 Review Questions.

.

progan.
3. Lstth four phases of the debugging proces:

8. Tre o1l Youshoud bvayscptimize you cod o parformance. Wy
5. st thvee b smllssignaling that yourcode rabably should be refactore
6. Lt and by explainthre o th efactrings mentionad n this chaptr

9.11 Exercises

Jourprogramming syle?
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developes.

9.12 Suggested Readings
B0l and M.y, Toos o Stncured Desig: A soducton o rogramming Lo
et (Upper Sadle v, N ProniceHal 200

D, “GOTO Stotement Considered Hormiul et to th etor, Comico-
o A 560 157195

Jusers WD ranscrtons/EWDO 2o/EWD268 i, ast revsed July 2003
M. Fowler, Refoctoring mproving the Desig ofExting Code (eading, M. Adison
e
e o s Ut ose” bl

S s e 2

Leton Reamiin ek ey Componen s Comctn; 6 S
14.70.2 Wt 1997

it ot Ga.the B rd e U vt s
octatonntm, iy

ko Wesiey, 1959,
1569,

5 MeConnel, Code Complte, e (Recmond, WA MictsofPress, 2004

€ Simany. et Programming: Softre Production Wthad PRO e XEROX PARC
eport (8767, 1976

R Sullman et al, "GN Coding Stndords” hepmmguorgiprepisandarcs
o, ooy 305,
S Micosytes, “Code Conertios frth Jva Programiming Lingusge? s
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Testing and Quality
Assurance

OBJECTIVES

= rsand he s s o s efsion s aliion
hen o 3ol
e
testing technies.
= Discss the basc ofsftare nspctonsand how 0 pefom ther.
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10 Inroducton t Tstngand Quaity Asurance
i goss of softvare deselopment i o produce igh cusfy software,
i ol dee s mesin eyt a1 s 1o stk

recting o n softare product

ity

Becomes an ongoing proces,

3 product incuding the wholeproces raining, vl preparation of he team Guaity
et

s rdefct,and ensure thtthe defects e fed o o 1o

i o i rograms v n termeciote docomenttion

Section
o on testing,

i akin o e i) cstrof e procuc. ey v il o i
ut v been shown t b an extremely efctiv way offnding arors Revews and

specications Sectn 105 provide more detalls o thesetchriques
 Forol mthods, hich re mathematical echnies used t prove” that  progar
o Thsterory ol b o commer e secion 104
proves more o

» scngs s e rces T rogam
intermedate oftware prodct, This anayss s sl aotomated nd an dere
o e oo, o 107 e mor o o
anayss

el o shghtycifeent vy

= Rt conforms o specifctions



103 Inion t Tesing nd Gy s a

atn i cmenpiesl
s b ey S S O e o

o
defects.

= Verifcaton, whih s he ac of checking tht 3 softare procuct conforms t s

o anathers verfied”

witha complet softnae system

P ———

T R oo i

ebontbengdaned o s omol o D[S BRI
i ke et e g o g
e tht i stnction s mporan o h s doc: | 6 ki 5.
etk e g e et | Ml Bt 1
ony i e
et tohe et of et B
e e i G o Dt et 0 oy ey o
ot e s o and o |t

o RS ko e v o e By

e deccing how  program shoutbehave, you e to be avare o ll the

ol rojecs, bt thy can be generic an inclode by efrence, Forexample here

orm which makes hose guidlines n e speicaton.

e made exclct, evenf onty  uidelnes,

ety
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sovety fllres rels g aigh ity

102 Testing

i ncity efomes o i i sy nd o
improing i, b detingdefects and probies

Sofuare esting consits of the dynamic erfcaon o the behavorof 3 program

dormain, gainst he expacied behavir.

ket canbefound n Secton 104

e gos of testng o the qualy ol or the pacii pryect st b detninec the

4 toge,
Comple sftaare, tablsng the et pan e 3 ol éndesvor
1021 poses of Testing
Testing usally hs o man puposes
= To inddefcts i the sftwar o that they can b conected of itgted.
ing s

defocts nd he el i havingtham coneced ot podctelese

cass hat were ested, Wit guarantaeing anything or other cases tht were ot



e

Sofvarewill wrk foroll e

recommendect

103 Testing Techniques
here s

ac, ther e o many techniques, and they ae resentd 1 50 many ways, at any
tempto sty lof them il necessarybe ncompiete.

e and testing organzation.
W does e esting?Basicaly,we have three cptonshere
 Progammers: Pogrammers usualy cretetest cases and run them s hey e

et esngs sl onderdto bttt
@ Tetrs A testr i3 technical person whose o for the parscar tem being

decions.

newsftware.Tradionally f th usrs beong o the developing organizaton, we

ol mames sch s “atyourov dog ood”
@ Wt st There e thee mai el

asinge proceureormethod, o asinge css.
 Funcionl testing: This nvoves determining i the incdual units, when put
together il workas foncionlunt,

the compete sytem. When dealng with very rge oftare systems,fnctons
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Tom sy, n ha cose, he i one. more e, clled companent teting
Notketht, abugh tese incsiors e mporant and fol 1 praccs we
Cannat iways ke precie e to disinguish among these eves.Fo cxample.

hole sysem may correspone o aeiond unt.

vt puposes

ers pror o officlly accepin th sotvareprocuct and pying for 1. The accep

f st o polcie. Tst coes ar usualy Generated fom he tandards anc
pobn e gt it

mamagement i e frtherciscusad nChapter 11

or somenumber ofsimtaneous uer.

ol under sress conditions,such a a igh od or low avaaifty of esouces.

o 368 wher the reslang eints e
= Userimertacetesting: Tis s tesing it focuses oly o th usr nterac,

fowing:

inuiion. Some o thetuions ar el base o pat experiences hat have
an el impresson. Very experence usrs and long ime procuct suppert
personel are e cale o generate et csesfom thse s,

riques re equivalnce-cssparioning, The npu or the sof-

o iy s iy | e syt s dnided it sevra quivlence chsses o which




Piques re st frtherin th olwing sectons.

i bon e iy e
|

et o cefning some mesure of cverage for the e

1033,

e s The et s e o b et by e s
7o two mai techiquesthat creat st cases basd onfautsThfist s

nctonaltstng.The g o ssocited wih e tetng sl ot e

speton s e o st s someimes el ik bon s, Uk s
asmentioned befre s e prformac v i box e

hese et phases st n Figure 10,

e, ok i of o e s oo G
and prin. The heck computaton deposit, and print function i tesed duri

and he complete paytol sste s st uring the st st hase
1031 Equhalence Class Partitioning

offincing ers, That i - rogram s orone. mermber o th dss,then e expect



Fgure 101 Pogrsson f s,

expect 0 b conect o a members.

and by he tester’s intution, wihout ooking 3t he mplementaton. T cqubalnce
ases il cove the complateinpot doman. A o point coes any s overap Wi
o e

) teenagers 13-
aga s han 0 or grster th 12015 consideed a ror

o Table 101
Shee 8 possle chlce of 15t e o e of the s scuslence cses,

Table 101 s G sl

ny i
a3



Tl 102 Gnivsecs G Lt fuin

as
e common caes.

el aratons n e s

o et g of . e cout dtr v couhecs s o
oo n Table 0.3 The (g ccs 1 e sl oy b consered ot soundry

anayss o
Suanas oo

ence ofopinin:howeve,the bl e woui sl b sefl.

103.2 Boundary Value Analysis

) condiione 1t nage6 i Tabe
prog Amore

i confused it he oundar conion o <

st case 3 comingfom the il t wch tbeongs.

nd el the boundtce. Table 10.3 o 2 boundary vaks anlyi o the sge.

cuced < <onsaning th boundny s llog et e
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w T e
o wi v
s e I
o s %y sm
o o e i

Noto tha tis techniaue produces a g rumbe o test cases, even I onl the

Cases becomnean excus o ot conductin  torough
s e ot i s 5 oppRabe oy 0 il aales—ihat ', thse
that can be sored and organzed i el Wihout thisorgarizton there ar o

sty vith i of dta.
1053 Path Analysis

abie
3t the el code or e detale desgn when developing he st cases. T s are
ivoed i pth analss

2 Attt s s i syt o g,
Determinehow many paths should bencuded n the et

and o

Fgus 102  singe gl et



Fgue 103 4045 et

paths r nededThus st cases s b generaed o taverse though b 11 and

again,both 1 and .12 must e v n i cas, o idependentpaths 1

103 ChSE stcu

oo ettt et o 11,71, 3001 1

W can gnote .1

ol 1,2 an . They sachgeneate o branchs s olows:.

61 composedof 1 52
52 composedf 1.2

= sscomposedof 2-51
bt composedof 201

55 composed f -5
 sécomposedof 355
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®

@
®

B S oS i s 2

Fgue 10.6 & single g scure

I nder 0 covrall ranches, we il ne 1o tavers £ 10 cover 5, P12 o
covr a0 5Pt a3 covt 1 and 5,30 114 1o vt 1, il e, o

g g
et s vien the tlon wih  oop constuct hown i Flgure 104 Al he

1 Thr et ndendentpths 71 corer seqmats |  hough e

e, 5o o e o s o Gk s e o gl

s, s W s e s, v e
ildvecs

coverag,there re s branchesthat need 10 be consiere

51 composedaf 52

o 52 composedof 53

Cover il atements nc e s ranch covéage.

fgures. Lt us dein this e o pecsy hre.

a5 near comlnaton”of aths o hs et.



Conse 13,112 s
e Urar nssooncer ot

Figure 105 A ety indpencs st of s

105 Threar o conditonals 1 and 2, and o et ofstemants, 1 and 2,30

S path hat r epeesented 3t o, For xarpl, 1. shoun 5 o 1

35 2o, Thus 211 iy b epresente ith 3 vecor (50,0 . ) Looing a1 the

and s asfllos:

BaE = (0L111.0,00 + (L0.00,1.17 - (1,0.0,1.0.0)

6Pl a1 and 1 forma neary ndepedent et of pts.

pendent et The NeCabe cylomatic complsty number nroduced i Chaper 8 o be
e

eancomput he cycomadc number s oo
Nmber ofbinarydeciions 12413

pendantpaths for the consnuc n s g

Separte logica paths. Because the binaey decsion consuets are I sequence, we



Fiure 10,6 Tl sumber f ot nd ey ndpenden s

a0 152,112,204 E2-55,C3-54,and 355 P wawerses trough €1-5, -1,
andcs 255, 0nd 03 i
alof hebranches v couered.Only o pats ar neced, aai.

ifferentypesof sting:
= Eight ol g

= Four ol nearyindependent paths

= Too total aths o provde toral ranch coverage.

= T ttal paths 0 prvietotal sstement coverage



part
i tora satemn coverage. The everse,howeves, s not necessrly e Nos, g

1034 Combinaions of Conditons

ofcombinatons Sometimes there 3 neet o recuce thse combinations e tying

o covrall pasof vaues

hevaabies shown i Tabl 104
Tl 104 Gt e o Vit

vitbe 3x2,

124 12.% 5, or 1256, cases,

st Thi,of cours, ncesses the sk of o defct being ndetectd, Technies or

ions i rdertoestall sl pais f values bt not a combinations

105 Automated Unit Testing and Test Orven Development

Aer e
Core il ga o the tesers who il cepencently o urt e i,
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Inespesience programmers end 1 peorm e it esting, ther g big.

themthe chance o crtching the rors ncreasesconsderably.

ol such 1 for e There are aquivlent raris iten or many oter pro

3t the progrom vrson v 35 e change th progom

pragram srcture withot changing s benavior, a3 eserbed in Chater .1 v e

ingrefoctorng

Grom

crmybeui o o ot e
e et practice may b t it he it ests bore witngthe coce,an

ments 35 3 et case,an he implement them. ¢ a2 hlps uide ou to e only

ment which assumes you il proceed nth llowing shion:
1. Wit test e
2 Vi that th st case s
N

code you can,without woring abou future et o requiemants)

.
e o Tt iy ey e
eactorthe code tomake prety,

I the ol 1 v provide an example of how test diven development
wouldproced for s smpie proer

10,6 An Example of Test-Driven Development

ot iangie,
e lengtn fte s form 3 vl it




5,30 forth e s e - 412, 4o n .
e oo e tobe define

e
ing bl methods
- cosvc aking e e, s h s, s, s

3 M!lhbd o 13 e o prmeers s et et s
ponding 121,11 mathods,
.

arod o1 o

takes o parametes and et  Bclean te i the
onge i vl s otherwise. & vald wiangle i one fo whic 3 sies e

s, hesum of o sides i reater hanth i

and convrsationsl monner.

el e T A o oy e e whose e

method that s il the tests The seleton o the css . ol
B C Static votd mainiSering rost
ot seings Tes e

W o defn thefrst et cas, Nt thot it s wsualy hord o st the st e

th e 5 methods. Pursts o tstven developmen coud rgue that we should

s simpieenough.

e et case goes s olows

‘H;,;vi“l,vli“vflléii‘z") Nt
et se-)
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In i cas e ar esting the fllowin:

T andapuic corsrucr g e e e
= Merearenemethods et st nd

o ana s

<o for th oning s

PAAT TrisngieCint o it he k&)

ode o G s o ol Wt nsed o 4 o o et

o T e v

il code. ok he et s e e e
W can it a verysimple et csesuch hefllowing

Werunitandiaswith a compltion o] Newwe 1yt it hecoce

st cose succeec. T wil force you o e more test cases, et g Yo
sttt

vl weconsmply write th ode ke s



case ot follons
e o ?ywm.w,

teneu Trianglec 5,3.7

s whether i s than ,but v decide o st for ll v condions, The code
ok e i

T 1

et 11w 1151 s s lows
0 b o,

o cansccess tand st 1.

o, e ool ou s

case s 3 the ol
SR e 01
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et oo vt i g ot
et e o

S e ko

ree gl

i

o and it

implemertatonof e reuiemerts.

iy chienes ot sttement coverage.
. m case n TOD areproduced base o th developer'snuions and experience,
)

hough other techmiues may be s
10.4 When to Stop Testing

5tp testing A smple answer s {0510 tesing when al the planned test cases are

oftware pr
iscussd here. The st s base o keeping vack of the st ess and obsaing e



e s

T

Figur 101 Dscesing i i st

oo o h . Cods P 107, i e o i
atetough e
e number of prablems foun per hour il sveually be o smal that the value
In Figuee

001 houror 1100 o Thy coud s st 3 raph depicting he sccumstie

o mamgle o) of sccumultie problems found achievs some.
ol o e e

program with 10 defects s fallres ae obsenved,th defecs s then sred btuween
o

he e s 0 stimats t e ofemaiing unseeded dfects
7010 - 45780, wnere RO = el Defects

el 13 e unseeded dfects remaiing i the softwareproduct This s equivalent

dscowring 70% o
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theusrs

1 0 want 1o prodoce ualty softvare, e must stve (0 stop testing orly fter

experience i some of thesdecsions, My projects, owever,deide t 50 tsting

A the cutomerssene ofstidacion il e

105 Inspections and Reviews

intermedate documents reviewed by  team ofsoftware deveopers.Here, e vl use

Note trat v fo the prposes of finding erors re dicussed ere. There ore

T nspacton roces sually <ot of the fllowing stps:

1. Planning:An mspecton team and  moceator re designate and materils e

The mertr ks s e vk ot s s e~
ot impecion, e e codecompes ot does et
Drocuce watings whenpoeed g i a0

ok Th 9y mid s ey i
i



. Peporaon: Every nspecor s xpecie 1o sty the wor product nd reted
m,mmg o o rparin for e ke, huoas o
commen prablems.

Save 35 e readr Every defect dotected s clssfed nd eporad.Typicaly, the

oty e i
. B e g thesuhor sl s fany Tt s
et oot o s sy e B

Inspeced agi,depencing o the resul o the nspction

Sacondary. Dicussons about howto ot tha deect o any ther mprovemants
e

efects found. To epor ko saes whethr 3 einspclon e
iy o win

s such a5 Gesion, coding testing, uppoL, or aing. 50 hey can more easly

asume anyof hes s

“equiements speciicaton, deslgn document, et cs2s, anl ser s Thi alows

I testing, i th cost fcarctingthen  much i
ihuah épecions ar ociad on g dfec ey d have 3 posive e
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10,6 Formal Methods.

e s e n s e
ethods e more often usd for requiements spacifcations The speciica-

formalmethocs.Formal methods con 50 b appli t proe hat o i e
mentaton conforms o 3 speiication at some Ieel. Formal methods 3 Syl

¢ the code vl forma methcs usualy ol speiing he prece semants

inmany
ot procce  proot it he progam i et

o severalcrawbacks

= They reuite 3 conserble mount ofefrt o masterth techniaues. Theyreqite
st

11976 descreth ificuties bttt uein forml methot

Comptation says we cannot mathematially prove any ntresing propery about

oo

umnwmy s ol oo o .mm cxgr
ot for vt

Judomentinvohing e
Ty e s sl o3 st despmen o cranl
they o b veryhar 0 2pply o user et dsi

governmen. Learing formal methods can give much useful Insght 0 @ software
engineer,




methods con be xtremely useul. They <an b appled selectuey o ha €l or

it parts of  ystem e formally speifect normal reaoning, smiar o formal
methocs,

e
stand te surce code.

107 static Analysis

orerrors
Syt om e sl oo loingssins

wordsdoordorotsppear

your o, th mere invaled checking ca be performed. You can avomateally

compies can usualy prouce many warings abou ursafe o e rone code.

vl compl or 1o fong an o detectpractces ha are probably a eror. The

ming lanquage,the pariaar tol, and the cosing guidelines of the rganization.

toconigure the ol ospecywhichchcks torun, Forexampie, i v there e o

o oxpresion e 0 th axact same oject) nd e el method, hich checks

about usesof the - - operator except for pimite value Two popular open source

themcan detect more than 100 poteal rabls.
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o of metissueh 9 cylomatc or Halstead compleity. Warings can be sucd

‘i wouldsignal an excesvely comploxan e prone modole.

ot than 100 ividulchecks, ard sample configurato st very consistency
s v ccing cilnes,

ity o

ot o i s ol e 0 b chece by xprenced st

Checks

108 Summary,

Figherqualfy. I s chapte we discused e asc deas of eication and validaton

Some funcamenta conceps forsting crtei about when £ s tesing.

10.9 Review Questions.
1. Consider thedagram shown i Figure 103,

. How many logcal paths e thee? st hem .

. How many paths e reauked o cove a the stements

< o many paths e reauied o cove l h branches’

Incode nspacsion, what vk you s 5 the coniion (3, how many discor-
forrnspectont
3. Ustihefou techniaues discussed o parforn verfcation and valdation
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Alogiot o stnctue

List 1 echniques you can use o prfor valdation—hat , o ensure your
program meets e requiements.

beapplcd.

ey xplai o cfeent vy 0 decie when 0 50p esting

ary v analyss, I h et s

R —
9. What s th iference between peformance eting and ses tstng?
1010 Exercises

xamplen tis chaptr

found itheut iscovering asinlenew seaded defect Explan

P —

. A reaching the 70% el suppose that th emaning e scded de-
ishagpening,

. Usetestdven deselopment o dfinea method called Equiatralhat

o which s e of gt
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®
achieve fullpathcoverage, creat et cases 0 achieve path coverage
. Prform quivalence cssprttionin, o cete  necessan et cres.

tht they iz s drven Gvelopment Expian by,
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Configuration
Management,
Integration, and Builds

OBJECTIVES

= Descibe th bsic concept o cnfiguation management.

= Anaya the eltionshlp btween the sofare aifacts and th devlo-
ment process.

= Discuss th coniguatin management famevcrk

= Descrbe the naming model o arfacs

= Desrbe th soage and acces model of rfcts

= Descrbe th intagation and bl process.

= Discss the vros utomaton o o conuaton manageret.

= Arayae mansging confguion mansgenent




111 Software Configuration Management

parcof o s
chaptr, we il occasonal eer 1o sofware arfacs s sofre s o sofuware

=T ey m AT ——

et nd ahere
s st confuraton margement s much s i st s nd
keeping mulle versons of code or documents, any Wt;lmxmwn\ ot pub-

I and vt v dines o confwain marsoemen. T EEE G 10

ment proces and the maitenance and suppor acttes,

112 Policy, Process, and Artifacts

inspecions alowing every major actity such 2 requirements speciicatio, design

the materl Othr rganization may hav o op vl cotrol f e arfacsdue

mentofthesofareatfcts
e other han,  small nd age processcriented crorization may chonse 3




iy decde o managing al e foowing arfacs

» seremanspcoon

ere, source code indudes logi code, database tobes, and uer screen s

e et dta. Depending o thedevelopment an upport proces, ifernt ypes of

eectobe mansged.

these

e conserech

wiremerts an st
= Dot e and \wq-(
o

= ot and oo

form. A exampi,consider he nearfact relotionips shown in Table 1.1, Tris

Sty ifernt latosti.

v A softuare procctmay havesevra ersons of requirements, For xample, fer

there may have o be county spcifc versons o handle, s, French lpanese, o

e the i arfac and interatfats reltionshps need t b mutaneously
e

ourstsof tfacts nFigure 111
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npa, for exampi i cad

1w race 3 ol sofvare. product Gl ha goes g mullpe eesces.

orsicyeas,te rlatiansp lagra becomes compltely el

specifc versions goes hrouch an annual new eeas though e years with an

ype,the desig decumentfor e following siaton:

.
offouranfacts

Thus thereare 20 dsign arfacs {1 general +3 county spcic - 4 afer e

B

acts The second yearregase wil have & % - 32 sevice packagesanc il s
have 32 desig update arfacts The tic year lese il e 3 5 24 dsign
wpdte arfacs, ot yearsthere il b otalof

SUM,, 0 51= 120 snvie pacages

s, thee il b 3 total of 120 desi update arfacts asociated with the 120
sencepackge.




ot

1121 Business Policy Impact on Configuration Management

oanching”
i

onl thefollowing pdates and medcatons o reqirements
1. Only ivough the geneal verson
2 Only o th et vesion

The county specfc versions of French, Japanese, and Bralan requiremerts e
e

Now, ot alows

Deen upcated o version 3T s usated n Figure 1.2

Figure 112 Alewing rancio



a0 cotrl o the arfcts

1122 Process Influence on Configuration Managg

g CD, uhich s the copied for ditrution toth customersand usrs. Figure
113 Shows how it tested artfcts are st gathered and intgrated for functionl

evel
st v and eventualy promoted o th syste-tested “glden” copy The concept

evel o level il th i e

! o @/%":z:“z%

i

Figur 113 pamoton of s



Athough Figure 113 docs ot explicly show the promotion of sl the assocted

113 Configuration Management Framework
Inorcer

o beincuded in the coniguration managemen amework.
Naming moce!
 Storage and access ol

1131 Naming Model

= There s uniquesoftvar product ame.

bl o, equiEments pcture mage, et st et dta.

sound by

 Thcre vl o e, e county sofare s,

odsare used s h defmiters osparte the aming componerts.

 Fart 11 The o postionso of 1 i h softwar procuc code, i lowed to

i 4362, 1296, posibleproduct cods. Fr most sftare organizatons that s

more than sficent
= Part 2 Toe et two psions ., reprsent he county code. Allowing 26
e
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Japanese, Cines, Krean,an some Scandinavia countries. Unless the softnre

o

i Th tree posiion 1 part represens hereease rumber of he sof
e oo oo 0 e o e 3 1 e
et 1001 100 et Ao h ot e o e RV,

rlease. Again assuming oy 3 umericl fgre of O hrough , 111 Would provide
it

»
oush 110100 versions o changes prior o rlease dorig he st yar f evelo

i il allow for 3 program el e span of about 19 years, ncuding the fst
1

o beute e
P e woposon ype o e ek oty e
et o v 4o o, s 9 65

ki r oo coge Mo, o xS s e 3 oo

deelopment and maintennce.

ajpeg image form.  may beanumerc fgurebetween 0 tough 8. Thus £ provides
100 ciferentyoes o forms the rtfact oy b n

model may thos be used for o product

organzation.For cxample, complers may recuieaspecalsufi o pres for 3 source
code il ofdiferet programming anguages,

ofthe artfact s or e 1 s frst crened. It ot rchr rfct et

o



1152 Storage and Access Model

h sftwar rfocs, Ther r b funcmanta functons nth modet:

e s
ere s ko s of cces fcloes in th modet

the antfact fo ening purposes The o, funclion allows e user 1 rtricve the

mayal

nackion.

Fetur functon
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s umber o verson mber)
e elase e o vrson uber)
Crons (product cod,counrycoe, artfocttype, o afact form)

e et fo

he v
fer
o ok Ao e cer descted 4 i oy e i
incre et <o sevie oo alows e eess uber o
e v s 0 b iy nmertes b e dsredameun, oy S

rtfact e, The o1 function my speciy o il he relted arfacs oy proc

he et e, Thes the 17 uncon s helful o i, pralel deelopment

elase Ofen, exp

Sons o hearfoct
fany more sce funcions may be ncorporated ito th stoage and ccess

ot e oncxamioe o o addtonauncion may b 1oc s nd
e mechaism.Anoer examp would b the w56 o1 v refereces
e

problem.



ion management famewor. 53 must for arg sftwar deveopment. The amount

114 Build and Integration and Build

h software that wascomstrcte doring the b proces,

il with The ctites nvove b mjor seps

* Compie
ok

forrecompie A oo a th source coe s uccesly comile, 5 ik withal the
e,

g, ands0on.

called a desciptor le or coniguion fe, i sed 1o manige an contol the bl
e

actitie of  sofvare bl e
= Dependency ancrossrefrencechecking
 Compiaton of source code o exccutabes
= lnking he exccuabl

g o

Wi on avtomated ool the i process of # compl softvare sysom can be

7 hese



i proces

Something st e end e 102 mistake n e ofthe i steps.

e develope 2 complterbuld fom th e source shoud b perormed O st
o e bl st xse e sfvrs e bl o e e
envion v st o et

i e wll o th developers e, bt 0 ome

thesoftware il ot ruproperly n the users envionment

115 Tools for Configuration Management

sofare

any change. Some ofth earierand more poguar onesappied st 10 contrling
) Ty

Nt I e e Slovre ondation 37 b e o 6 &
S5C vl Othr tolmlode ContaentVrdons Sy (VS5 Profct e
Contrl Syt PACS), w1 3 ol T VS e 75 i n s s ot

Tigisor.
community focusd on tols for colborative softare development. Th Suggested




19705

that e e o harge e O, Cons SCons and Ant

Publc Licnse o publined by th Fre Softare Foundaton. SCons i based on the

Corpenty 1t was s el n 2001 e he monvestrictve MIT e, Apache Ant
{Another Neat Tool, disrured by the Apache Software Foundation, is 3 owy based

Ui Tomeat,whic i an Apache web servr engine. Because 5 XL based,An o
furation le s difernt Fomthe UNI sl bses commands of ke,

Thi s

e

the more

Confguration management oo
oty sver commercl o marseent ol e

orlarge scfvore devlopment and suppor ha ae rtempng t0 cover

Sirply e e o o, B o hr iy rcht ooty hese

e prevlent o 1t g of thi Lt
= Cleacae

= PUCS (Serena Changettar)
Vil Sourcesfe

ClerCas i 3 oty of sotware confurtion management tols that operaes

soutc Ecipse, 184 WebSphare St and Roional Appiaton Developer. I 95

e for
war deelopmant and suppor s now known 2 B Ratioal s

sat more pproprat for mecium sized development.In 2004, s onming entrprse
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integrted o he Serns Changeldan il of ol

isegrated with the Micosoft development envionmert. However, il predo-

Girured

Consder the flloving questons:

sttocts orgaizaon Shoul

tom management functions?

gromminganguag,design nguage, confguation le st angusgel”

ool tohelpr

fonment wihout ay change o hat enronment’

Uspees,

memony?
. s

L

. Dw!uh! ol vendorroie ol csin kit omd
e eference

e e e et o ot e it

Finaly, unloss the automation too i e, you should check he prie of bt the

Rumber ofusers o by an eterprs-vieagreement

116 Managing the Configuration Management Framework
Softvare configuraton management is consiere one of the successful aress hat

rescarch, i

o i e fasion,possiyin aces



I s smplest form, e e 0 make sure tht l th source code materis are

3 execute Of cours, i order 0 enure hat all he source materis ar th gt

involves keeping ciear accoun of the mulipe versions of souce materl and being

i some suomation, must bt moduce

development we can the branch it support actitis. Makng mulle hanges t

extension rom developmet.

agement,the xganization s rady to include ather arfacts, such s requirements
s,

associted desion Gocuments, inspection/evien resuts, €hange requests, source

management e

Sy tages o, the actual sftwar deveopment anc suppor T

117 Summary

e
N cofiguration managemen famenork i composed of o mai prts

 Naming macel

 Storage and access ol



Sages.
118 Review Questions.
1. Whatisa noming model ued or?

2. st the four majr actits asedated with software configuaton manage-

3. Whatar chckinand check ot

management ool
5. Whatar the buld steps o asinle program?

6. Whatisinkingand what e e g in b process?

and acess model o coniguistion managemen.

119 Exercises

s

ments?Show an examle

2. Conddar th shusion where your naming madel sllows 3 - oshion atfact

dung b,
3. Disuss the actvity of promotingartfacts o th net v

.
ot onder vrson contol.

5. How doss slowing branching fiom an Intermedite artfact n an exstng
enence o e v ol et et ooy



Snther
Version,withthe st veson beingth oty complte copy.

. Give e reaso iy you may want o keep ony the det.
. Wt e the crawbickof ech f tess sppeosches?
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Software Support
and Maintenance

OBJECTIVES

= Do sl prduct suppartand customrseice st
s

= Desribeproduce. e releass, which conai ony roduct defet s, and
mainanance eleases, hichcotai small roductenhancaments an dfect
s
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121 Customer Support

st many yors Thesuccesof e procucts dperdent o he el users axerencewith
e softvore.Desite developers hops 0 hove s fiendl”ad ‘i quaty” scfwar,

imporant tat thee  a good undertanding of and oxtrsie preportion made for

Chacttier
@ product dfec support
= Prduct nondefectsupport and senvices

In adiion, most of th cusomer suppere nd servicefor lrge softare products

proruet pie fo one year of postess prouct support and cusomer senice. Some
chargeafeeona percal” s whereech skphonecall o he cstomersupporseice

I Hove mace  conting ol s

system,and for s Entrprs Applicaton Patfor.

121 User Problem Al Rate

Shan n Figure 2., However,the el ot re ot o smocth o what s cepicted i
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Figur 121 4Rl cure st proen v,

e rouct I the g, he s v exercing th i paths e g 3 the
casy Toushanging e proiems. A hese major proems gt oed nd user sophistica
o increases, e proble eporing rte wil o decrease 102 owr e, Sometimes

e 21

o denad s oo
Usage month - Momber o usesactvly uin thesofvore)  (umberof
morihs ofusgel

i ormia ensures tht bt ime and usage ae ncuded whn depcting the

ol oty o
e preparaton or customer support mustsart bfor the sofre i relased.

e dficly occurs when 3 new poduct 9 the organzation s bein relesed. The
(seothe.

e procuct Ofethis s accompishe hrough ecucation i bth the sftre and
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monih r s ofthe roduct support percd

o through the follvingsequence:
- S et et o st v

a problems elted 10 the oldprocuc

3. Announce: new eplacement product

. Encourage existing s and customers o igrate o the e rodct

suppor.

e software vendors wiling o continue he o prodctsupport
7. e cotmer oo the e e rd ik te e
e from the marker,

i analtermative st
12,2 Customer nterface and Goll Management

Figure
it oy of support and serice functions.Thre i outer ayer hancling e

and ing the mre dificut pobles,incloing chaning thecode.

th softvareprocctand e senice unctions o customers nd sers At he ame e,

e otomers vl o e ot s s e s T e

o, To e e s oo f e e o ot




Figure 12:2 A el castones senice ad s ogarzatn.

tusbetveen the two grups.
e customer supporUsenice epresentatves handle ustomer problems in o

mofrfoms

= Customer eephonecalls

= Orine submison:

when s

ollons sequence of acotissuch s th olowing:
1. Take the customers name and ientfiation to snsue that s  qualfed
customer (o,  cstomer who has pai o hesefvaresevic
2. Lt 2 and ecord the dscrption fth robien,
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upon iy evel, proideanestmated fc i o thecustomer.
7. Recond theproble and s  eport o the tchrical e,

e

i n e cpend on the eigh o hape of the espected prolem arrl curve
Show in Faute 121 At tes,customers may no b saed wih 2 pariulr senice
pasenaie’s aude o tht prsons answe. I such s, there st be 3 bk

o 0t copera o o 0 mproe he spport s,

The e
by sking for

the. " or bt

o ety dowmioa the s and ol then thrvehes

123 Technical ProbemyFix

rical problem)fo anayat i brooght in. There may b work arcund or 3 temporory
o thot may be passed o the customer n that case, both the probler deserption



Tl 121 St e ity e

ormnite
2 Sometacslpnbas 1w

[y
. [m— [T —

and temporay solution sl inthe FAQ database t help athr customers who

1 permanent o, whih may Invole cods change, s genrst. Based on the
Crihge et theSolulon 10t prabe  Geshed o and eed.A vy
gh oty fc il b packaged and mace. avaible o costomers mmedstey. ¢

perodic i releases.
e tschncal problernfi ansyes e wsualy welualfied engnsers who e

2 il s s eing e sl bk e csoma s
o the same 3¢ the on used betwesn tsers and developers. The fallowing <3
protidth ey

ing th eproducionof he e,
- Bomoleabum e asmsoeos st
e prble s reected,the e customer sugpor graup s mmedtely

problem entes 3 cycl ofdesign,code, and 5.

o e package.

customersantheproblemresltion st
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code, and test actvites of the evelopment cyce The danger is that he ix ycle

Sofware procuet relesss acrost mulile countrie, 2 mentoned n Chapter 1, e

o elivry group requie the same software engineering methodologes and
ies o thase desioed n e s chptrs o ths . In a0k, thre s

on softuar s nt ye eached uch  vel.

Tody,

1214 FixDetivery and Fix Instals
e delveries of fxs folow two maor aths. There ar th reqular and perrc fx

sequentaloder Thefixlases are s sl and he customrs e expected 1

orkng”
S any e f e Thy oy, however, enconter  proiem e and wint >




Soon o sftert becomes ovaiable

ing . The custamers system is rought up and business resumes However, e

crlene figurng tha they acady have the emergency foppied. i possble rat

123
epicts e el -1 ot contans treesecomuted e,

ot customer at 1+ 34 1 evel touchescode atemants 4, and - earwie
e forprobler

cannotjutindl ppy he i elese,

iy st

aorg Wit adice tcustomers who may be ot diferent relas,verson, o f elese

[T p———————

Fgue 123 vy s,
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Figue 12.4 Mutl-product e lses.

12.2 Product Maintenance Updates and Release Cycles
In the previous secions we disussd the cstomer supporserice actiiies and

problems,thre s re smal, functonal enhancements provided t customers os

e
organzation asopposed o th customer supporsenice oganization. Howr thase
small, ncementl hanges ae not eted 35 3 e product rlese. They ar often

ofthe suppor o  new device, such 2 e prntr Anothr e, for  payrol

delered 352 prodoct maimenance vpdate



e, Some aapications wil 90 thiough 2 mamenance update every st months,
124l

separte relene plans,Sxcept when there ae product Inkages Fo example, i &

ihe dstiuion splcain hen ths esecive e momerance s

wst match and be made avalable simulancously. The UpdateFix Maitenance

v
come outt the same ime, and the updatesfx maienance relesses for the o

3t th same time, Diherwise the new festre my ot work Cross softoare appica

e ndscions 1 oot confrton “mansgemert, dncvsed
i Chaper 1, and an otomated conration mamagement oo e ncesses
s o utomr o ant s 0 uces

123 Change Control

e

oot i gt st vt e chings s e

chinge e fom o csomes e e el fenture
e st of cangs oedon e et of st

Ve e e v oy s S o b skl o

crucil o havea good change conol proces.

 Origintion ofachange recuest

i e vy o, e 5o ceran fomtin st b e
o T st e 105 cing e sy ool 3
mtreaues o At f s o o g 55,
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S— I o
Rosuetn iy i, Mocon, Low 0% Pec

[ ——

Fgue 125 Ssapie maitennce chnge s o

Foue

incude the names o il he mduls,catabase tabls, an o on, that re afecied

change that must accompany s change request. The ighier he couplng among

mintenancecyle. Work sffor stmation s fr th change s t be

‘eauest would b ncluded .

imay e modifad n two felds that capture the il efotestenat and he actul
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e manteranceic e
ey sk

e oranitons oo extrsve s aver thes change request
e thek o hancoring, oo e

" nd foure
P i, e e oo e e oy o

e maketingrelted e such 3 customer oo sy
124 Summary,

i chapterdescrioes both efec an randefect support and services. The support

ofen based on the accuracy of s problem il cuve.

seicuppr, e who el e i e otomers
mu vessh ko o oo e

ot e

cargency prablrs oregela and s e s
Fnly, h maicnance hanges mut e onitoled wih chonge ruess 5 done

s of s ussge i contoling change reuests

125 Review Questions.

1

ionpertorms.

2. Eaplain the customer problem sl cuve i tems of customer usge of the
productanith s,
3. Whatisthe formul for isge manth?

reiemes?
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5. Whtis problem prry el Wihatis tusd for!

6. Dasci e when s pased fom the cus-
ot s appon et o e oo s
thepoblem s escved

8. Whatsth estimstd ok o the change requet form used for?

126 Exercises

‘eease s ot ge stalled and sed st e,

infomation on the change reques o sed o
8. Consider 3 stuaton wherean Impertant cstomer has istaled 3 genric sof-

wote i house.
. Thecustomzaionscnyinaddingan ety ina databse able.
. Thecustomized code s i the malnlogi of hepurchsed sofoare pplc

127 Suggested Readings
V.8asil et “Understanding and Predicing th Process of Sfuuae Malnenanee Re-
leses, arcn

Enginsting e, CHLISEL53 TR, Camegie llon Uy 1963

SonWesie, 2005
Mo e Cngs o Vet ol 1d Confguten s A
Framevork and Esuaton” n Sofoare Engisenng: Slced Readings, sdued by

P —— et
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3.0, M, . annin, anc K. Okurato,Sofr Raiy (s Vork Gy Wil
1950,

et ot Hepsmehatcom, 2005
R an M., S, The At anScience of Sctvare el Plaing” St
NovemberDecember 2005 47.53.




Software Project
Management

OBJECTIVES

= Anaya th o phsesof prect management
« Faming

cion poine.
= A sinple echnaue for objctorinted envonment

= Eamed vase managenet for preject monicring
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131 The Necessity of Project Management
e e spent several chapters o this e dicusing sftare s an th softvore

Iethere

progresing ropery res someona s moniaing 7

and comsidrabeefor alan rth ocs o3 th management asks Thekey otk

Jetin i become oo meager or 00 overbearing.

3.2 The Project Management Process
Many software engineein suderts, s el some professionsis,confuse sftunre

1. panning
2 Qanizing
3. Monioring

4 adjusing

Fgus 131 Sl profct ranagenet pocss



e

ake changes to the prject Th combimatin of monitorng and making th roper
s ks o ool
e dashed atows i Figure 131 depict tht the needed adustmens may afect

res,ant 2 on trat were esablshed in e phases, hie he four POVA prases

ieton o maragn s ptnd e cvcet 71
management ensres that e follwing ool v et

= e ndrenis sty e ot

. r.,m mistones re et o e
Team member s opmatng vy and it hgh o
= R 100k o g e e ot nd ey vl

oush th team members o sccompish these managemrt rgets.

1321 Planning

proper planning.

occurn 3 st et

e tothe formmlation of 3 preject e

theuses?

= Wit e the delverbles ofthe proct
= Wit e theconsaits of th projct schedule, cost,tc 2
= Vit e theknown ks o th projec?

gatherng and analyls s, Software enginesting’ requirements methodole-

Sy Project managemant st énsre hat thre ré qualfed Esoucss, proven
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Tody,

wiling 0 payforpat o theactvties.

ot ofpojectpanning:

= Defing. nd estals sl gols o th project.

denyand anabze the profc ik

recuiements athering and anass, the ol worefr s stimated s estimaton

according o he chosen poces o, sl and 0o

are ahioue Thereor,the project teom mermbers should il understand these gols
example,f one.

hus b restated more precily o oo,
e prodct ity ol that 95% o the st oncional ecuirements
theapproved rquirements peccation document el ested and e
roloown problas e produt s . The rermainin % ofhe

oo complr e reesa o



Athough ot peric, i ol speciicaton provdes s with ways 0 e the

the ualy gl

progressor

the project Nonmensurble ool ar often s 1 be nonmanageabl. The <oncept of

e deays. sk management thus becomes an inegrl part of softvare project
e, i st b cnsiere e pret bt
ment el s composed of tree maor componer

1. fskidetfcaton

2 sk protzton

3. Rk micgaton

sy
slnring phase

theolowing bes ams

= Bt desciption o the projct reuiementsand defversbes
= Setofprojectestimatons
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= Setofprojctgoos o b ahieved
= Setof asumprions and ks

e ncuded.These ks an asumpions may b acompanied wih a discussonof how
these sk will b contind thoushost the roject

stage, the more horagh the rojct planing phase i, e hgher the chance ot

nkouns become ciarer, Thre il s be some justfobe change of hear 2 the

forsuch changes. Theautfors an proponents of the Agle proces scused i Crapter

Cauion gt excessve plaing

1322 organtaing
Once  prject plan s been formuatd or ven befre it has been complte, the
For

sl g s b v s vepp
pecc panning aciy such a5 sk planning is omplet, we can

phase

bl 131 it i 0 iz s

P st
o

Pl St s nd s
s it e e s o el s s
[P T H—-——

s [ —



i of o e st f o oo s
Fesounce, Sftware prjects, mor 50 than many ther types of roecs,are il v
Dropk v, Thsaneof e 7 octes n e argrin phas for (e roct

e fen he st uncomfortabie an emtionl e o s

ofesouces e rote ot nc esvecs

and se up It parclr e prcec gods tht il be racke during the moritoring

1323 Honitoring

inproject moniotng:

1. Collsction o roject formation

woring mechanis cotect relevat information peraning o the
g et oot ot v oo e,

sy e prian hs D ol o o e dota
ered o et bl s e s, 1y s s
Pressabiibed proc iomaton s e v nd e kR e
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o, amy escepion does occur it shvi b viewe 25 » potental problem anc il

ar analyze ina varietyof vays. Mot projct managers il attempt o prforn the

b iy e
s vend anlssand contol

= Dot mereyesion s

= Moving averages and dta smoothing

Sechonchannets

‘et evnue htshovingcors s goes o et 5. el
ar some of the e populr vays 0 visualze rd epor s formation:

= Pl chat o show proportions ofdferen categories:

 Histogram to o relatv fequencie of diferent ot vlue anges in b chart
= Parto ciagram {o movlfied istogram) o show daa n ascending or dscending
 Time chartto s the vauesof dta throuoh e

onship o acceptabe bounds
Kot o o show muliple metics




O M Do,

Figus 13.2 Vislztion s portin oforstion

e Kivat

inFigure
In ety we ofen find tht the resourcesrequired to peror the meritoring s

v sty

e anayis o gathered nformation may reqe some skl satstcians Th very

reaze the shorage of kil dotaanalysis resources.

1324 Adjusing

* senecle
= projectcoment

i ae gty couple The esoutces re ety uncer the €ontro of the srojct
management.For he most part prjects e sualy n need of more resources. When
ot resoutce re adde o the prejects hetming o such aelons s vy impor
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s
ing hman resources 1 escue schacules iy ofen et th reerse efect. New

should begnored T more hetask re ndeperdent the aser s 10 add rescutces

e e e g e e o s
vast. there v times when resources av recuced. An cxample of human
e s 0 o ko rppars s st roRc wols b

ot el e i st b e T e e o
e of human sl e Famior cases ae the nonplanned stuntions

et team 1 consder ajustments i esources Asuming the sehedole <rnch meine

resoutces s cne possibesolton and must b serouslyconsdered. There a1 tmes

Contenthn ther 3 resource change.

at
s some el of caupling o other parts of e software cannot <asly be taken out

organzation may 1equet n ealer procuctrelease han pamaed due o unplanned




nany

hese thrse prometrs._resorces, schehe,and project conent—ore. ot the

o rade qultyfor schedul o foroberparamerers,

133 Some Project Management Techniques

i secton, w il focus o fou commonly needed prject management skl (1)

tchmiques needed in the planning and oganizing phases, and the tird is needed
he fourth part ol p

ing
Kemerer (1997,

1331 Project Effort Estimation

Dot expeience. This exprince relotes o knowing Wt o consicer, o much e

problem.

Such 35 perion ot A the efort hs b exprssed i o units th probers
In‘ther werds,

ity i ot it o see why moorig and acsment phases are il 1o
prosct mamagement

"
Unks ofeffort =g+ bstet + ACCUMacors)
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uines Thot i, very projctho i <ost regadis o th s nd te oer
fctors,

the sstmate procuct 2 to fluence the fort esimation i some nonintar forr

stmaton The functon ACCUM may be an arthmetca s oran artmetcl proc

estimaton that may b viewed a some vt of s general frmul A thid efort

oy

2000) Here we wil proide only 3 summry discusion of COCOMO. The orignal

maton roces The fllwing s 3 summary fthe teps n COCONO astimation.

mmm semideuche (remedc) nd enbedied (i, The mode s
icked considerat s, hich e i
Lo e T e of e i e e st o st

2

2. Etimate the sz ofthe projectinthovsand nes f code KLOG) Later modelsin
(COCOMO I llowed othr metcs ch  fncto poit

B
ctoril Howeon theprject

i theefort formul o the chosen o,
T ot ofthe roect s chosen base o the flling ight prameers:
1. Theteans understancingof theprjec object

s exprince withsimror e roject
3. The prjecs necto conorm with stblshed rquiements
. The prjects necto conform with stblished extemal nertaces,

s
ionlprcedures



7. The prjecs necto et orbeat the schcue
8. Projectsize

e
embedded may be roughly equated (o simple, intermedite, and dfcul projects
example

oroject s oo

it indicated in person months:
Orgomc Eflor <32 (521 1 % PRODF )
Semidetached: Efor < 30 (sz] " % PRODF )
Erbeced:  Elfort = 120 X [520) ] X PROD ()

St ovides the basic esimaton of project efor i parson
o s o v o et

" s

Pt
Required sofar ety

¥ v
5. product complosiy

= Compute atbutes
3 Exccution time consint
5. Moin memoryconsant
6. Vinual machne compest

& ot oty
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5. pppictions experience

10, Pogrommercopmbilty

11 Virwol machine experence
g angus

Tablo 13.2 showsthe values that these 15 cost s may take on, The prject
manager or th person gven the responsbity of projectestmation woui i o
15 cosersad e g of s o <o o ottt derent cos s

e ciferent rasges of values. or example,consider costver 1 required software

.
orareatrtho 1.t e e PROD 5, Th nominl vloe 10 vl o fectthe

Tt PROD (1) may b viewet s the mechanism tht v ncther ev!of aus-

embedded offr estimaton eqatins.

T s ws e —
. I " wooow e
s — — 0 W ow o w
B W w [
s W owm owwwm -
u woow W - o
» W ow w wmw -



thep

manager ok attach some amountof bffers 0 the stmate.

i, database, ek midlenar,an usrintrface developrrt. COCOMO I s

 Creting ey estimatescuring prototype sage

= Miaking stimtes after the design s complete and coding s sarted

the three metrics

= Object point

moch ke unction o
COCOMO 1 i 29 wm s i readof e 3 ot 15 o
e

s cotegores:

« soleacors

+ Pt

ore s
relactos

= e s

actors, i parsonnel facors, nd en projec fctrs,
Fesarch o sotwareprec etimation and,spacical, COCOMO  esarch and

eference o s webie i the Suggested Rescings section

Function Point Estimation The s of code unt of messure has dorminated the




Cuptr 13 St P gt

iy Funcion pint s st roduced by Albecht and Gafny (1983) i the 19805

sofvare projct Whie many improvements and xtesions have been made to s
ool i ol bty

in the function

1. Extermalnouts

oo

. Extermatinries
¥ oot
5. Extermal merfoce s
basec on

prject

1. simple

2 pverige

3. Compi

bl 133 shows the weight that o be ssigned 0 ich o the components
[ bea

e
ndsoon
mesc sum of thes weighed components s llows.

37+ mber fogcl s 71+ inber f madac s 51
T unadjusted function point et hingas on how accuatelythe umbers of

g, ome gt sftaas profctexprienca would b very el

et
¥ oot

Tl 133 fucion ot s

bt . o
Gl s 7
s . ‘
enlogts " 5



3. peformance crer
o

e 14 echrica compleiyfcors s el anging fom 010 14
<0110 7015 * 14 7011 the technca compleity otor g o b nonesental,

14technical completyfactors:
TCF + 0165+ 1001)  somof 1 techriclcomplsty fctors)

ety fctor
7o P X T

Tt

= (222 funcion poins) 25 unction pintsiperson-month)

within the softwe engineeing i, thre is an organizaton called Intematonal

exchanges on functlon poins Sine th ineption of tisestmaton technique, the

many FP extnsionspropused and tied by varous groups
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o techvie s summarized e fllowing four e
- e e b o s he e . T o e o b
stdyingand anleing e recurement
2. Cotgorize thetypesof s nertaces and 55 weights ol
Nosernertoce Ul
Smpleextbased Ul 225
Graphical 1 () 25
Complex U1 30

examining th ffecsthe ypeof Ut had on mumbers and ypes of csses,

the type of s interface that s prjecte o tis project At s rthmetc

it may be e vl poduct

.
15410200 ity e o e e o e e o
develp.

I order tocaty ot these our seps here ae sverl assumpions tht must be

oy et deselop  class. Sch deciions would equie ot any prior et
experence bt 2 cetan mount ofdesgn n mind. Th proect manager ths s

proctd wernterace ctegory.

- Adcing the 150 o
cases o 200 Asuming the roductiy s 18 pason oy pr s the fot astmate

Vet 10 person month uni  desied

the v or even o thirovm management.



1332 Vork Breskdoun Strucure

nad Il 2t the ovealpofct £ dded i smale portons ht provid s
sl for the et f plaing achies such s schedulng and i sssigment. The

elerabe nesde for the sl exermal dlerse.

ot it o he o e 10 e cchof e

assigned tocach sk

estimat b heproductyesmtaor each sk

procucsthis delveratie.Such 3t msy ook s s
- therequiements document
ok 2 Devpa o et

= Task Wit thesrp o ach ofthe maforscenrcs.

= Tak & Rl th s scenaios.

= Task 5: oty nd change he scenarios.

ks of th scptwong acivitie. ook 4 ca b decomposed ta Tk o Task 4, Task
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Figus 133 4085 etk ot

5, Tas 5y and Tk 5 0 matchthe thee subactives of Tosk 4 Figura 133 shows

For

ofa projcttha s about 1000 s of co or ot 100 functon ot For Task 2w

How long  waukd ke 1o come up it uch . For Tasks 3, b, 0 36, we e

Simiary, we ned to esimate the ffor requed 1 review ane-td of the scenario
St orTsks , b, . Etimatin effort e for Tas 50,5, S wouldbe

Tosks b, a4 Neverthles, o thse il estimates mostbe don, Forunately,

or the praductiiyof th people b il b assgne 0l o hes sk, Then t
of th ask n e

5
resource asignment, and 3 the e it




Figurs 1.6 ok et with et e i,

b i =

[ e
= |7 )
-2 =

Fgue 1.5 st sehdie et

Task 1 and
the beginning o Task 2 my overp. The ovrapping of subasks,Tsk 3 3, and 3¢
W Tk, 4, a0 Ac ol 3o ickrbicaus et peson—a prian ho
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s

Foure

Pl schedie.

o the sl
el

1333 Prajet Status Tracking with Eamed Value

Keeping tac of or mortoring projct s i the actity hat compores whot s

Gicusionon .

. The sum of

ataspeci sats<hecking dote)

the v

sk hat hve e compieed t thespecicstatus <hacking e
. The sum
ot have ben compieteat specc status hecking dte.

st e
Table

asaonz The




Tl 134 Gr Ve Gl Ot 57212

. ¥ 0 ssn w2
s n s sosime
‘ » i3 oz

1 the SCWs for he s tsks e shown n he colunn shawing stimated for, For
xampl, o Tsk 2 the BW s 25 e days The sum of s column, o th sum of
806 s the bucgetat completion:

BAC=10415430,4 25415+ 20 = 115 Persys.

ate,
Compietion dat, the BCWS s of 4572012 inchus Tasks 1o 2. Th BOW for Taks 1
30 2 espectveyae 1030 15 Py

WS =10.415.25 ers doys

i
01,
and 25 P oy
WP 1041514 25« 50Prs doys
3 The el
2mdsare
=10+ 25 420255 Prscays.
e

ae
Satus date aqanst th sum o th esimatad efors o 3 the ks

Ev-s0/115-
projectis 45% complets 3 f 41512012
These
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the sl v, Th fstone i el varance SV indicator, i s defined o

oen completed by the status dte-

Sy BcH - Bws
In our exampl,on 4572012 BCWE s 50 Pers-days, a BCWS i 25 Pers oy, Thus.

Svs0

ofchedule rom an efort perspectie,

e ks at
st e
v=ncwp - acke

Il on 52012 B 50 ey nd AP 15 s o s

iy pe iy his case, on /53012, we v 3 orsdoys of
Cuchluc

1334 Measuring rojct Popertes and GOM

e s o epeies St o rodoty, sty
ey and 5 o, ey th e Cacatnis o st e

h eacons o messrement nclc heflloin:

propeny.

asma o process.

aps
= Eualuaion:Alows us 0 3nalyz e ropery via gathred nformatin.

propert based on th gathered formatn.

e nformition.



points more

Suideine o it your

members of the project team, .

programmerproduciy, and pojectcost i

DL s o e e el e s .
nlrs xpene 1 et o

i the e ofdefects i ach desied cst nthe UKL ciram,
s nd s (1984 inrouced the Gosl-Question Metric GOV appronc
‘o meics GOM s ben st sy by mny oozt s
aporoach defines 2 mesurement model based n thre e
= G

ety 1t st sd e ok For el o
e o comlo e s e

e o oo sty e o f o s e
debugg

o,

fourscale el of metris ol il el a0

an rderingof ver satfid o vy st

o program . This difeence s th same s program Cwith 70 function
points, whie program D has 50 function pints.Th diference, 20 ncion poits,
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These o dferencesae ot ecessry of equl erls.

<ot
theighest metic vel.

134 Summary

e mac levl, Howerer he hases may ovelap and may actaly erate amors
hemaie, spacly beven the oo an e phses. T compet

Droct manager st ke ction anc make the approprte acjsmerts

estmaton e dscussec
 Construciv cost el (COCONO)sppronch

= Funcion poin esimaton
= Simple 00 efort stmtion

o deueoping an i prject schedule, n » br chart form, s Splaine with 11
example.

what s acualBased on (s oberation,projec managers would have 10 decide on
whether any acion, o adjustment, needs (0 b taken. Earec value mansgement s

sting goal and acking the Gols s parof projct management narder 0 oo
Dl those sks, measurement s needed. GOM s invoduced 15 & methodelogy, and
e scalsof metric are ko icussed



135 Review Questions.
1. st discus he slments o 3 prject pian
2. Whatare thefours phases ofprojctmanagement?
3. Wt are thetree companents of sk management?

& Whatisa it char and when vould you use

ortrad.of deciions for prject adjstment”
6. Consder e COCOWO projct ffortestimation methodoloy.
Whatare th v projct mdes?
. W e o s st o
ordertodecde th projct
. Howdothe 15 costavers nfluenceth it efor estimote?

15 o s FODI 12 M e st i

ies 3 el ogiea s, and  xtrnal nrace fles.

GQuestonis . 3 the procucivty e 20 function s pe erson .

morths or th poject?
5. WhatisWBS,andwhat st sed o1

10 Whstare et b i st ctors 4,5, amd 1 i omed e
proect stats tacking methodlos

1. Whatare thefourscle el of metric

12, whatis o

136 Exercises

1

management (POMA) proces,
2. Desrbe one actvty thatbelongs o the organiing prase.
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reuirements and deerabies

ol
5. Discuss the el of mcessing resources 2.3 potof projec cstrent.

6. Compare the st of fcors comsidre in the efot estimation techicues of
COCOMO oo foncton point.
B e

8. Consderth tsk network ot i Figura 136, it the estimared cffort

itinto poject schedule

Fgue 13.6 & sk et
2. Exlainwhat assumptonsyouneed o make
Use s asumpions and convrt hetaskchrt 03 scheculebar chart

onl ncludes the complted asks.Suppose e vt anothe erm cald all

henuse it o compute e formul: £V - AAES | BAC
3. Discus yourapnion o uizing EV nsesd of £V



27 St v

Computing SVand 7 T

o.
estimote s by anestimated 1510 20 person oy e s,
. Do you balieve hisis  wid enough angefor the dvelopment of  ssT

thedevloperbeoreassianing a productity fgure!
. o were o come p witha productiviy number o developaclss,what

137 Suggested Readings
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CHAPTER

Epilogue and Some
Contemporary Issues

ertime ame 15016 weok.Athih many Taorta’ topics i scfvare

ing secion it of sch capte.
i v i o gy sl g, Wit

rlevant 3 e e, Howr, her 3 same topics hat wi emain
importan,and e hope we have capted hose. This book emphisizesthe
o softuare enginering by Saring Wi the mplementation o

inceas I complety when th problem s changed to bulding 3 ysem
el sy T il

i g o et W i g I g e
in mind. The supporing actie of <onfurston management, process

nd complex systams in min. There I recogniton that not all poject

Chaper 51 Ther s many tpics that need o be coveed i much more
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testing ordesiing-deserves  omplete coure

il We gave

ongeng sgnifcance nour sy
x

a0 g0 Wt s the b formkingrlese eciionsT

ing ara
mach th

uoh the radtional soovar [ cyce deictes in

i e, Many sofore

enrearow beengoged i dvopin e s e Tepmay b

Sofvare seice businesescontine t expand 3 g1

and e-commerce continues 0 orow, we nee 10 b much more aware of th s
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