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:In{'r‘)clud:ion g Snftvare. - Engineexir i

=

1. Intyoduction : L, Objecti
» Ubjectives:

Softwaxre Engineeﬂna is an enﬁfneeﬁng

disdpline, thot {s concevned with all asped:s

To P'wd.u.ce hiﬂh q_ua.\f%g software.

To satisfy user xe wivements .
J 9

of softwaxe P*rocluc’cion. It includes Sgs-hema.t[c'
P”fcjed: within time and budge{:.

To Complete +he

To ensure mo.fnfo.ina.bfli’cb: and ‘re.lfo.bill"c:j.

app¥oach to development, opevation and maintenance

RS

of softwove.

of Software Eﬂﬂfﬂee‘rfﬂ_ﬂ:

5. _I_mpoﬁ:cmce_
10.13& and complex P*rojed:s.

2. Definition:
Accovding to TEEE, " Softwaxe Engineewing is
the application of a Sgs’cemaﬂc, disciplined, ::{_uani:\'fiable.

He.\ps in mcmaging

¥

softwore .

Tmproves c['uo.lf‘tg of
a?P:-oa.ch to the deve.1opmen’c, ope*rod:fon, and Reduces de,veloljme.ﬂ'l: time and cost.

—
s

mafintenance of softwave..” —5 Provides \o? sifugCtuved approaah.

=

Tneveases Jcustomey sakisfaction.

3. Chavacteristics of Softwarve Engineexing:

6. Softwaxe Enﬂfneeﬁnﬂ Ac:l:ivf’c&s:

Ma[ﬂ%a[nabflf'{:tj
(v) Deplogment

—> 535‘!:ema;l:fc appvoach

—> Developmen-l: of Guali’cg softwore (i) Req’uf're_men't Analysis

—> Cost effective (i) Design These activities ave pexformed
—> Reliability and Efficiency (iii) Coding g in Softwave Development
8 (iv) Testing Life Cycle. (SDECH.

——

Uses eﬂsfnee-r{ng Pvinciple,s
(vi) Maintenance 4




Chaxacteristics of Software

o

)
5'3:"%1*3&76 has some unigue’ characteristics which dfsﬁngufSh it from hardware and “othex

e—“g'.“e-e”’fﬂj PTOG{LLC‘bS. The meo-H:a.n'f: chovacteristics of softlware ave as follows :

O ® @ MA@ ML © O

In{;anjib[e: Software s not a Phjsfcal en{:f%g. Tt s a collection of progvams data and

documentation. We connot touch or feel the software.

Software is developed bg software engfnee'rs

Dﬁveloped or Eﬂﬁfneered, not Moanufactured :
u,sfng P':rog-ro.mmfng and desfjn skills. It is not manufactured in the classical sense.

Software does not wear out Like hardware. It does not Sei: Phgsfcallg

Does not Wear Out :

do.ma.ﬂed. However , it moy become obsolete due/ to (‘.ho.nges in 'req,uf-re.me.n{:s.

Custormn Built ' Most of the softwaxe is custom Luilt, die., it is developed to meet the

specf{:fc wecl,ufvemen-l:s of a Pa.':r‘f:fCLLLCL‘x‘ wser or orjanfza.-f:fon.

ComE[exffzj: Software 53stems ore u,Sua.H:j Cc;mplex becawse *!:he.g have to handle i.cwge amount

of data, Pe-r-,.fo'rm Viar fows ope.-md:fons ond intevact Jwith many  users and 55stems.

Cha.ngea.bflftg_: Software must be flexible and C.hcmgea.ble. I+ has to evolve with c,ho.ngfng

user needs, ‘!:e.c.hﬂo[ogg and environment.
IanSfbfofU: Softwaore is invisible. We cannot see the software while it is exec:.c.%:'ng.
We oxnlg see its effect or output.

software (s developed,

Easy Replication @ Once the it can be copied and distributed ea.sf[:j

at very low _cost.
Maintenance is Imporxtant @ A La.rge, part of the softwave Llife r.gc[e is spent on maintenance

Tt includes cOr'red:fng exrors , adaptfng to cho.nges and mewv:‘ng Pe-a'Fo-rma.nce.




,_=IﬂPes of Software

Software can be broadlﬂ classified ints the gcollowfns
fapes :

19 S:js{:e.m Software : Sasfe'm softwaxe is desianed to

manage and contyol the computer sgs‘i:em

havdwaze and to pryovide a platform for
applico.‘!:ion software.

Examples : Ope-ro.i:iﬂa Sastem, Lo.nﬂuaae Translators

(Compilew, In']:e-rpre‘!:e'r), L.H:il.t"ca P‘fos*ro.ms:

Device._Drivers etc.

Application software is

2. Application Software :

desisned to help end ‘users to ]DE’.T‘FO"H‘-‘\

5peci§ic_ tasks and solve Pa1£iCuLa-r P-robLems.
MS Word, MS Excel, Accounting Packages,
Payroll Softwave , Browser, Media Player,

Mobile Apps

3¢ Pyogromming Software :

Exa.mpl.es :

etc.

P‘rog'ro.mming softwavre

is used by programmers to develop, test

and maintain othex
Editors, IDEs (Integrated Development

Envivonment) , Debuggers, Compilers,

software.

ExamPLes :

Libraries etc.

4. Embedded Software : Embedded softwave is
Pe.-rFo-rm tasks within

des?gned to sPeci{'-ic
embedded sgsizems
Software in Washfng Machine , Micyowave,

Coxs, ATM, Mobile Phones, Routers etc.

and devices.

Exa.-mPle.s :

*ﬁNe.e.d of Soffiua:re._ Enainee.fin&

Software Ensineeﬂnﬁ is needed because of the Fol[owing

reoasons .

1

10.

Modern softwaxe sas-l:ems are

Complexity of Software :

Lcwge., complex and involve many components. Software
Engfﬂeeﬁnﬁ provides sasfema-lzic. methods to handle this
complexifg.

Increasing Size of Software : Software size is Srowing
'rapid[ﬂ. Traditional methods ave not sufficient to develop
and. maintain such large software.

User wequizvements keep changing,

Requivements :

Chahqinﬁ

Softwazre Enﬂfnee:ring helps in manaains chcmges eF?ectivelﬁ
tln.-rou.gh propev PLanﬁina and documentation.
Quality and Reliability ¢ It ensures high quality, veliable ,

secure and efficient svc--P’cwoure thot meets user needs and

pe-ncm'ms corvect I,'LJ 4

On-time Delivexy s = It helps in planning, estimating’ and

monifoﬁng the on_jed: so that software is delivexed on

time.

Cost Effectiveness :
cost by using proper tools, technigues and standaxds.
Maintainability : It makes the software easiey to maintain,

test and u.p:lo.i:e in the future.
It provides good project mo.na,se.men{:,

Tt ~veduces developmen{: and maintenance

Bettex Management :
ond communication.

team coordination
Reu.sabili’cld; It promotes code reusability which saves
time and effort in future on\]'ed:s.

Customer  Satisfaction : - It ensuves that the final ‘software

meets wsex Teq’uiremen{s and gives better satisfaction.




Software ' Development Life Cycle (SDLC)

SDLC (So;c{:wcue, Developmen{: Life CHcLe.) is a stisfemo.-i:fc process followed bg software
éngineers to develop high cLu.o.lu'tU software . It definesd the various s{:ages involved in
b““d"ng a software p-rod.uc.-l: from -reobufremen{: o.nalgsis to maintenance .

Phases of SDLC

Requirement Analysis

In this phase, the problem s
studied in detail.
Reguirements ave collected,

a.nalazed. and documented .

Sﬂsfem Design

The Teci’u.l'rem&n'lzs are converted
into ' o design.

It ncludes dotabase design,
interface de.sisn, architecture

desian y eto

Implementation ( Cod[n‘q)

In this phase, the actual codfna Key Points :

la.ngu.o.ges.
The de;s:'gn is converted inte o

u,.w-rkfna software .

Thus, SDLC is o/ continuous

of a software P'roduc-ﬁ.

©

Maintenance

Req'uf're.meh'l:

Ana.lgsn's

© :

Sgs'l:em
De.si gn 5
SDLC l ‘
Implementation =

(Coc.ll'ng)

(4)
\ Te.s{:fna (/ 6.

i
i i itabl in |
s icone u.smﬂ St Rsls b | « SDLC he.lps in Producfnﬂ o c;,uc.li{:tl P-rodu.c{:.
[
|
|
|

i
|
|
|.
e It saves time and cost. [
I
|

Process

ond eoch Phase is fmporﬁan{: Lox

4‘. TG.S'[::'na
e The software is tested to find

defects and ervors.
Te.s{-.z'na ensures that the software

wovks as per -req’uireme.n{:s.

2ployment

After successful {:e.s-f:-'ng, the
software is 7veleased to the user.
It includes installationy, /data

conversion, and user fm.n’m’nﬂ.

Maintenance

After dePlonen{:, the software is
maintained .

Evyors are fixed, Pev-f-'o'rma.nce. is
improved and the software is
updated accordinﬂ to cha.nges in

1'ec['ui-remen{:s -

the successful developmenﬁ



Phases of SDLC

The Softwave Development (Life Cycle (SDLC) consistsh of ~ the following phases

which are carried out in/ a sﬂstemm&:’c_ monner to develoP a CL“""“{U software .

J
ImPlEmen'Ea.{:EOn \

(Coding)

F o 3

Test[ng

Dep[oamen{:

Maintenance

&Y ®

ﬁ_WK__\f’_—‘\
v,

In this phase, the actual codl'ng is done usfng suitable

@ Reci_u:'vement | In this phase, the problem s studied in detail.
Ana[:jsfs Req{uiremen{:s are collected from the user and
= documented .
@ Sﬂstem 0 In this phase, the wequirements are converted into a
Design design. It includes database design, interface design,
architecture des:'gn, ete.

Proarammfng [a.ngua.ges. The des:’gn s converted into a

woxkfnﬂ software .

In this phase, the software s tested to find defects
and errvors. Tes{:fng ensuves that the software works
as per the 'rect.uf*remen'f:s :

In this phase, after successful testing, the software
the e data

conversion ond user -E*mim'ng.

s veleased to wser . includes installation ,

In this phase, after dePloament, the software s
maintained . Evvors are fixed, Pe'rgco'rmance is meToved

and. the software s upda{:ed as/ pex chomge in Te$ufvemenfs.



‘ Software DeveloPmen{: Mgdels

A" Software Development Model is an abstract representation of a software process. Tt provides
a 535{:emu.ﬂc. approach to develop software.

The commonly used Software Development Models. are :

1. Waterfall Model 2. V-Model (Verification & Validation Model) 3. Incvemental Model
s This is a linear sec'_uenﬂa.l Reguirement o Tt is an extension of Waterfall model. s+ The sofﬁwa're is develoFed in small

model . *+ Each development phase has a increments.
* Each phase is completed e conespondins 'I:eaﬂnﬂ Pho.se.. * Each increment adds some -Func‘{:iana.lffﬂ

e543n - .
:mcam the next phase 1 e, FiE to the existing system. _
eqins. Implementation Malies e Test: 3 Design & . elease
] R e O e e )

Advn.n‘l:o.g es :

= System =
. S:mple to understand Testing e e Testing Requirments Design &. Tasting Release
E 4 - & ImPlr_mcntn.hon (Increment 2)
. 0.53 (s ] mﬂ.mﬂ LA

Inl:esm.tian

Architecture
Disadvo.n{:u.ges ) Design
s Inflexible

o Difficult to cccommeodate

Tes’cins

% Desisn & > Release
y —{ T
Maintenance

cﬁmﬁes Aciva.ntnges ! Disad.vun{ages :
Left side — Verification (Building the product rish{} * Easly delivery of working software  + Requizes move planning
RTSF\‘E ey Volidaisen (Buildina the risht P-.rod.ud‘.) o Accommodates chtmges E&Sllﬁ' ® Sas’cem architecture must
be stfo'n.s
4. _L_S ival ‘———MOdE’l Cumulative cost -5— ijco{‘.‘tj;:e Model b ﬂail_e *MLM'
To A el 4 « A P!ofot:jpe (workins model) is built, ¢« It is an iterative and incremental meodel.
L i —aTl M 1
o> RTStoenven imactt 4. Determine 2. Idm{‘ﬂj and tested and refined based on user * Focuses on customer collaboration, Flexfbl'iﬂ:s
that combines iterative objectives resolve Tisks . )
feedback. and q_utck cle.lwerﬂ.

develop‘men‘!‘. with

» Useful when requivements are not * Example : Scrum, XP, Kanban
s'tjstema.{:ic risk cmalﬂsis, / clear
/7 \ : Requirements
e Best for lorge, complex il B ‘:p_wjf: Reguirements Quick Build User
ges P &yl e i Protutupa i Evaluation
%

Gathering
4. Plan the 3. Development b7

and hishvrisk Frojec.‘f:s. Design

Tteration

—

Development

next iteration end Test
Aclvem%a.ﬂes ; i Dlsadvm-d:ages : A-d.w.ni:aa_e_s : Disadvantal 08
p Clarifps gffussrments i Moﬂ g = ¢ Flexible and adaptive e Needs active customer involvement

e lser invalvement o Not suitable for lm-ﬂe systems

s High customer satisfaction s Not suitable for fixed budget projects



¥ Lntyoduction to Process Models

A. " software process model fs an abstvact vepresentation of a process. 1oy Pvesen{s a description of
a. process from some Fo::%ic;.u.l.o;r PevsPed:Ive. It shows the flow of moctivities oand their velationships.

Process models ave used +to plan, orgcmize. and contvol the software develol:ament process .

8
9

1. What is a Process Model ? 4. Elements of a Process Model
A Process Model is a SEmPLE'FEed epresentation of a software A process model consists of the followinﬂ elements :
process. It descvibes the sequence of activities involved * Activities — The wovk tasks Fe.rgcormed.
in develeFinﬂ o software 535{:e_m and. the order in which * Actions — The SPeci{-'Ec o]:ae.mizions within an ad:ivi‘!:&.

L]

these activities arve Fer;':ovme.d.. Milestones — Important points or events in the process.

L]

Deliverables — The wotk P-rc:duc.{:s P-rodu.r.ed.
Workflow — The sequence and flow of activities.

pr Pu.‘rpose.X Need of Process Models

* (Provides a framework for FL"'““i“ﬂ and m*"“""'gi“ﬂ projects. * Roles — The Peaple ov teams involved.

En']:*:ﬂ / Exit Criteria — Conditions to staxt ov comPle.i:e an cc.chH::j.

. Hel?s in esﬂma.{‘.ing cost, time ‘and vesources.

-

» Improves quality of software.
P P 5. Types of Process’ Models

o Facilitates communication among team  members.
f Hal}as i mo“&o_rina arl .:.ow!:rol[inﬂ the deve.lolamen’c process. Process models can' be broo.d.ltl classified as :
o Serves as a Suic{e. for execu.ﬂnﬂ the Projec.{:. 1. PT&SC?LPJCW& Process Models — Define o SFem;ic procesy

2. De.sc.ril::ﬂve. Process Models — Describe how o process s
3. Choxacteristics of Good Process Model o.c:f:ua.[bd Pe:r;Fo-rmed.
+ Simple and casy (L T i Empiﬁcml Process Models — Based on observation and
measurement .

¢ Flexible to accommodate cho.naes,

6. Importonce of Process Models

* Represents activities in o Laﬂico.l. sequence..
e Defines start and end Poinfs cle,o.-rl:j. Process wmodels Pla'a o vital 7vole in successful software
development . The.d help in bettes FLa.nnEna ; -[:mckt'na progress,
mo.na.(cjina visks and e.nsu'rinﬂ thot the final Ft'odu.c.{: meets

e Facilitates =wisk managem ent.
) ImProves c[ru.ali’cvd and. P‘rodmﬂvif:j ;
q'uouli’cﬂ standards and customer -re.cf’ul-re,menjcs.

Conclusion :  Process wmodels provide o structured a.PF-roa.c.h to softwore d.e.ve.lo]:mzn{:. Th.e.a act as a b[uePrin{: for
develo]:)me.n{: teams and EmF'rove. q’u.a.li'lzﬁ 3 e”iciencvd ond Predic.{:o.bili-ﬁd of the  software process .




WATERFALL MODEL

Definition : The Waterfall Model is a lineax sequential model used in softwave engineering. In this model,
the development process  is divided into distinct phases and' the output of one phase
becomes the input for the next phase. Each phase must be (completed befove moving
to the next one. It is also called a Classic Life Cycle.

Key Points : Phases of Waterfall Model Explanation of Phases :
: i lysis :
¢ Tt is simple and easy to 1. Re.cimun:\enf 1. Requirement Analysis .
Analysis Collect and analyze all requivements
i erstand. A : from the client.
 Phases are processed and : 2. System 2. System Design :
completed one at a time. : Design | Design the axchitecture, modules,
| 4 database and interfaces.
* Suitable for small PTOJE'C{:S : : 3. Irmplemertation 3 Implemenfu.ﬁon (Cadins):
with well-defined. vequirements. i ! ‘:C*’diﬂg) Actual coding of the system
| Lag-= A u.cco-rdins to the &.e.siﬂn.
* Once o phase is completed, ! | 5 ;
w, ! i 4. Te.s{:mﬂ 4, Testmg
D po¥fasy to go back ! er = Test the system to find ewyors
to the previous Phase. ! ? and ensure it meets vequirements.
I i
i 5. Deployment . Depl £ 2
! L--"-L | | 5 Spaymn
: A Deliver the softwoare to the user
.l : and install it.
i = T e e L Main{:em““’] 6. Maintenance :
Modify and update the software
A after deployment to fix issues
%H ~ ol and impvove performance.
:f": Simple and easy to understand. Siitkabls Em_ ; Disadvantages : V_)
| > Well styuctured and easy to manage. (‘ — o SO N ) = Inflexible to changes. .
| £ Each Pho.se has speci?ic deliverables. Waterfall model is suitable for ijec.ts with 4 WOTkiﬂg software is not Produced until

)

late in the life cycle.

— Ervors found in later phases ave casi:l.:j
to fix.

— Not suitable for large and complex projects.

RPN,

clear and fixed wequivements, low wisk, ond

wheve chonges ave not expected f-:ec['ue.nﬂttj.

— Works well for small projects.

— Easd to ]:-lcm and control.

— e

—



PROTOTYPE MODEL

— =
L

——

1. Intvoduction : 3. Phases of Prototype Model : 4. Explanation of Phases :
1. Rec!_ui'reme.n'ﬁ Ga.-l:ke.r[nﬂ 3

P’ro'l:o{:ﬁpe Model is an iterative : Collect et velliverah®
: . . il Rec"mremen‘l: GLlecL ) pretLIMInAyy 9
model in which a workma g o et o st ey

prototype of the system s Gatheving v e
H 4 F "9 .
developed, tested and vefined (Preliminary) .@_ﬁ;ﬁck desian of bhe
as per the customer’s system.
're.c"ui're,rnenfs. 6. Ensineaﬁn.s Product 2. Quick Design 3 Build) Protobipe :
(Develop Actual System) (Prototype Design) Develop o wu;:rkinﬂ prototype
2. Ke.g Points : Repeat steps based on the quick design.
e It is also called “Evolutionary 2 to 5 until 4. User Evaluation of Prototype :
Model” user is satisfied User tests the prototype and

5. Re.;cinins P*ro'l:otﬂpe F'rovid.es feedback.

o  Useful when vequirements ave

3. Build P'ro‘Eo*l::jpe, }

not clear e 5. Refining Prototype :
. Modi i th tot
o LUser is involved throu.ghou{: a: itl, a:‘;ef tr;:::\;;k * &7
the {development. : i WL
e A on-l:.oi:ﬂpe is built, tested #: User, Evaluation peslaldBlL Al
’ : 0 th tot i ted,
vefined and then used +o of P‘ro{:o‘l'.ﬁpa *I::: - a.ct:a,lp.r:s:{:zf: E;s dt::elfpzd
develop the actual system. tested and delivered.
5. Ad.va.ni:o.ses : 7 Suitable For :

6. Disadvantages :

— — e e e

* e Helps in better unde.rs‘l:andinﬂ of requivements.

Pro{.o{:fpe Model is suitable for P‘ro'jec.{:s
o Early user involvement and feedback.

wheve vequivements are not well defined

= Time consum[nﬂ if many iterations are 'recI,uE'red.

-+ Maﬂ lead to unclear or unstable requivements.
Not suitable for very small projects.
Too much dependence on user a.vail.u.bili‘kﬂ and feedback.

* Reduces risk of vequivement changes. or likely to change frequently. It is

4

. Imprwes the final Frod.ud: q'ual.i’cﬂ. commonl.ﬂ used in new product development,

4

o Suitable for complex and [a.'rse. stls{'.e:ms.

R&D Projecis and user interface d.esisn.
-_ & -

Conclusion : Pmt"tHPe' Model helps in iﬂuucﬁnﬂ o workinﬂ model ea.rLﬁ in the development process, allows
user to intevact and provide feedback, and ensures the final system ‘meets user needs e.ffec{:ivelﬂ.




_i_. TIntroduction :

The SPfra.l Model is a wisk-driven
Sc:ffwaxe. d.e.vei.oPme.r\{'. model. It

combines the iterative nature af

Froi:o‘f:HPina
and. controlled a.sFec.{:s of the

with the sasfemo.{:[c

LIJO..‘L'.ETJ:‘O.“. mOdE.L .

I'l', waos P!OPOSEd bllj BG.T"'U’ BOGI’II‘T\.

2. Key Points :

e Tt is a sPim.l. of activities with
called "i.ooFs".
* Each LooF ‘reP-re.se.nﬁs a Phase.

c.:jcles

of the  process.
o Tt e.mpha.size.s visk assessment

and veduction.

‘SPIRAL MODEL

|

3. Phases of Spiral Model :

4. Plan the

Next Iteration

Cumulative Cost
A

1. Defermine

O]:'je.d:ivcs

4. Explanation of Phases :

1. Determine Objec{'.'we.s .
o Define the objectives, alternatives
and constraints of the iproject.

2. Identify and Resolve Risks :
Id.enﬂfﬂv the risks associated with
the P‘roje.c{:.

. Ana.lﬂze the risks and develop

s’cra.{:esies to veduce or eliminate

Prototype /' Protobype [ Prototype | O
-1 rL 3

them.,
P‘oﬁ‘l‘t&ﬁ
SNlioul > 3, Deva[aEmePi:_ and Test :
P iet . De.ve.[cp the P-rodn.l.d: j’-‘w the current
iteration .
o Test and validate the d.eve.loi-.wd.
P‘l’oduc{:.

4. Plan the Next Tteration

¢ Suitable fov La.-rsa , complex and 3% Development 2. Id.e.n{-jac‘d and G T
high=risk projects and \ Jest Resolve . Risks - aevies SRS
AL? P ];I . A L o Plan the next iterotion based on
. ows for c a.nae.sl and customer i Pk o et
feedback ot any stage.
i = =1 R ™\ r_
5. Advantages : 6. Disadvantages : 7. Suitable For :
e Effed:ive. risk emc.n{:. L ComP[.ex and d.t;eflcu.&. to tmd.e.fs#;a.nd. . La:rse. sc.a.Le., CDI"I"I.PLe.x a.r\.d. hzﬂ}‘i—'rt'sk FTOjE-C-'ES.
* Accommodates ckamae.s at any tirme . . . Req‘uffgs visk assessment e.xpetﬁlsc. . Projgc{-,g with Imng{g’cg or unclear 'réq;uifﬁmen‘i:é.
o More suitable for lcrrﬂe ond comPlex FTOJec‘lzs. C N .
= . osﬂﬂ and time consuming . o Mo Produc‘l: develo}:me.n{:.
. Ea.'rl.:j customer ‘eedback . . b g
» Better control over cost and schedule. * Not suitable .f‘“ small P"’Je“"_ 2 * Projects where changes oxe expected..
y Higher chance of project success. y * Need for continuous customer mwlve.men‘l:.J k_; R&D and innovative projects.
\_

Conclusion :

The Spival Model provides o systematic and itevative approach to 'software  development

with 5{:10715 emphasis ‘on ¥isk a.nalﬂsi.s. It is hi&hlﬂ flexible and is suitable for J.c.wge.,

cc:rnplex and }\I'ﬂh—ﬂlsk E‘I’(Ejﬂc‘ts.
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. SOFTWARE REQUIREMENTS

Software Requirements are the capabilities, features, functions, constraints and qualities that a system must

possess to satisfy the needs of stakeholders and solve a problem.

. Introduction

Requirements are the foundation of any
software system.

They describe what the system should do
and the constraints under which it must
operate.

Clear and complete requirements are
essential for successful software d.eveiopment.

. Characteristics of Good Requirements
(SMART)

Specific — Well defined and unambigquous.
Measurable — Can be measured or tested.
Achievable — Realistic and attainable.
Relevant — Important to stakeholders.
Time-bound — Defined within a time frame.

. Types of Requirements

. Functional Requirements

Define’ the functions or services the system

should provide.

Describe what the system should do.

Example: User login, Calculate total amount,
Generate reports.

Non-Functional Requi'rements

Define the quality attributes and constraints
of the system.

Describe how well the system should Perfom‘
Examples:

- Performance (e.g., response time < 2 sec)

= Reliability (e.g., 99.9% uptime)

- Usability (e.g., easy to use)

4 . Sources of Requirements

¢ Customers / End Users

» Stakeholders

* Domain experts

» Existing systems and documents
* Laws, regulations, standards

» Market research

5. Requirements Engineering Process

r \ s
1. Elicitation 2. Analysis 3. Specification 4, Validation 5. Management
Identify and | —» | Study and | — | Document the |—p |Check correctness, | —» | Manage changes
collect madel the requirements completeness, and trace
tequirements requirements (SRS) consistency requirements

6: Software Requirements Speciﬁcation (SRS)

* SRS is a formal document that describes all requirements in detail.

» It acts as a contract between the customer and the development team.
» It is the basis for design, development, testing and maintenance.

s Typical SRS Contents:

1. Introduction 5. External Interface Requirements
2. Overall Description 6. System Features
3. Functional Rgciuirements 7. Constraints

4, Non-Functional Requiremen‘t_s B. A'P'Pen&i.ces

1. Impu'rtu.nce of Good Requirements

Provide a clear understanding among all
stakeholders.

Help in accurate estimation of cost and time.
Reduce changes and rework.

Improve quality of the software.

Ensure customer satisfaction.

. Problems due to Poor Requirements

Misunderstandings and confusion.

Scope creep (uncontrolled changes).
Cost and schedule overrun.

Low quality and customer dissatisfaction.

Projec‘t failure.

[ 9. Rﬂuirements Documentation

Requirements can be documented using:

Natural Language

Use Cases

User Stories

Data Flow Diagrams (DFD)

Entity Relationship Diagrams (ERD)
Prototypes

Models

- Security (e.g., data encryption)
—Mu.intu.i.nubili.tg {e.g., easy to modify)

sllmmﬂ.fﬂ ! Software requirements define what the system should do and the constraints under which it must operate.

Proper elicitation, analysis, specification and management of requirements are critical for successful

software development.




"provide, the inputs it should accept, the outputs it should produce and how it should’ respond in 5pec[fi.c situations.

. Introduction

Functional requlremants spaclfg the behavior
of the system.

They describe the services or functions the
system must perform.

They are written from the point of view of
the

Each req_uirement should express a 5'111.3[9.

user.

function or service.

Charocteristics of Good Functional

Reguirenmnts
Correct -

Should reflect the real need.

Unambiquous ~ — Should be clear and easy
to understand.

Complete = All required funections should
be included.

Consistent -
Verifiable -
Modifiable -
Traceable -

No con-f[.ic":ing requirements.

Easy to change if required.
Each require.meni should be
traceable to a source.

3. Sources

Users / Customers
Stakeholders

Domain experts

Existing systems

Business yules and policies
Regul.n.ti.oﬂ.s and standards

Can be tested or demonstrated.

4

. FUNCTIONAL REQUIREMENTS

.‘How to Write Functional Requirements

Use clear and simple language.

Use active voice.

Each requirement should start with o verb.
Speci{s input, output and prccessins.

USE 'I:nbles, use cases OF SCEenarios I.AJI'I.E‘I'E \'I.GCBESQ.TH.

Te.mElu.te 5

The sgsl‘.em shall [Perform a function] when [certain condition]

by [system response].

| 5. Examples of Functional Requirements

No. Requirement Description Type

1 The system shall alow a w.s'l.‘itersd user to User
login using volid usernome ond possword. Authentication

9 The system shall allow the user to search bk
for a F-roci.uct 113 name or category.
The system shall allow the user to add )

3 selected prod.l.t.cts to the cart. SthPmH Catt
The system shall calculate the total amount 2

4 T.ncl.l.t.ding toxes and discounts. Colculation

5 The system shall generate an order Order
confirmation after successful poyment. Processing

6 The system shall allow the odministrater Admin
to mancge (add, upd.o.te, delete) products. Function

Functional requirements define what the system should do. They describe the functions or services that the system must

6. Types of Functional Requirements

* Input Reqm'.rgmantf. — Data or information to

be provided to the system.

. Ou.l:Put R.eq‘ulrenunts — Information that the
system should produce.

* Processing Requirements — Data processing
or business logic to be pe.rformed.

s Control Req_u'wgmnts - Con.trcl.l'l.ns the flow

of activities.

7. Functional Requiremgn'l:s Vs

Non-Functional Requirements

Functional Requirements Non—Functional Requirements

Define how well the system

performs.

Define what the system does.

Describe functions, services
and behavior.

Describe quality attributes

and constraints.

Examples: Login, Search
Product, Generate Report.

Examples: Performonce,
Security, Usability.

8. Importance

* Provide o clear understanding of system functions.
* Basis for design, development and testing.

* Help in estimation of cost and time.

* Help in vo.lidatinﬂ the system bﬂ users.

Conclusion :

Functional requiremnents describe the specifi,c functions the system must Pe‘rform. Well-defined functional

requirements are ‘essential for building a system that meets user needs and expectations.




'NON-FUNCTIONAL REQUIREMENTS (NFRs)

Non-functional requirements (NFRs) define how well the system should perform certain functions. They specify the quality attributes,
constraints and characteristics of the system ‘rather than specific behaviors.

1. Intreduction

* Non-functional requirements describe the
quality attributes of o system.

* They define the constraints under which
the system operates.

¢ They affect system design, implementation,
testing and maintenance.

2. Characteristics of Good
Non-Functional Requirements
» Measurable — Can be measured or tested.
» Specific — Clearly defined and unambiguous.
» Achievable — Realistic and attainable.
» Relevant - Irnpori:o.rl.l to stakeholders.
» Time-bound ~— Defined for a sPe:i.ﬁ.c Pe'rf.ad
or. condition.
> Verifiable —. Can be verified or validated.
¥ Consistent — No conflict with other re:[ui.rernen‘l:s,

3. Exu.m'ples of Non-Functional Requi,rements

4. Common Types of Non-Functional Requirements

Type

Description

m Performaonce

. Respon.se time, throushput, Processf.n.g time
¢ Example: The system shall generate reports
within 5 seconds.

g Reliability

Usability

* Availability, fault tolerance, recoverability
¢ Example: The system shall be available 24/7
with 99.9% uptime.

¢ Ease of use, learnability, user interface
¢ Example: The system shall be easy to learn
ﬂ-n.d. use.

@ Con.fi.d.zn.tinli‘ta, i.ntgsﬁl:s, a.utha.nﬁl;qﬁ.m,
authorization
» Example: The system shall ensure data

encryption during transmission.

¢ Ease of maintenance, modularity, testability
* Example: The system shall be designed in
modules for easy maintenance.

5. How to Write Non-Functional Requirements

[TemELn.te G
|
The system shall be [qLLﬂ[i.tH attribute] and shall [sFeciﬁc

measurable criteria] under {spm:i.ﬁ.c conditions].

Exa.mE les :

+ The system shall response to user requests within 2 seconds
I..I.I'thT no‘rmcl lond

* The system shall be available 99.9% of the time, measured
rrwnihl-j,

* The system shall support up to 5000 concurrent users.

6. Importance of Non-Functional Requirements

e Improve overall quality and user satisfaction.
¢ Help in moking design and architectural decisions.
¢ Define constraints and standards for development.
¢ Help in testing and acceptance of the system.

* Reduce maintenance cost and increase reliability.

L

Non-Functional Requirements

! Define how well the system does it.

—
Dualhespzﬂﬁ:fﬂ:ﬁhﬂwml&sa\hequﬂl&ﬂn&nhuﬁuwm{s.
Example: User login, Add product. ‘ Example: Response time, Security.

‘ Usually invisible to end users.

| May change with environment or standards.

e | T o — * Ability to handle increased load
ity Attribute Example ili ; , :
fi\mhtu ribu S m:d 5 - ;iii Scalability L el Thas et shiall gionts i 6o 7. Difference: Functional vs Non-Functional
e J ithi?sﬁeTecinds s S e 10,000 concurrent users. = = = =i
b < - = s ik e e unctio Requirements
Reliabilit The system shall be available 99.9% of the | . " ;
v R ; Poﬁnblhtﬁ 3 2Lhtﬂlet°1‘:hu: Grl.‘:.lffet::ﬁ Lwol:s Define what the system does.
E . o : system s form i it = =
Usability The system shall be easy to use for all | | - m'th N 4 P
cilblnbaich [ independent.
ao‘rles LLSEYS. | I S—— 1 i — —s SRS———— |
Security The sustfmdshnl.l. protect data from [ Compatibility | o Works with other systems or sc,&m,e‘
unauthorized access. 8 | » Example: The system shall be compatible
Ha.i.n.tninnhuit:.j The system shall allow easy modifications | with Chrome, Firefox and Edge browsers . Visible to end wusers.
with minimal effort. ’ P - —
Portability The system shall run on Windows, Linux [ Change less frequently.
L and Mac OS. \ N
onclusion : on-functio requirements ernsure t system is not o unct correct bu o Te ;s , Secure,
C lust N tonal requi hat the sy i nly ionally but als liable able

fast and maintainable. They play ‘e vital role in building o hish—q_mfiig software ‘system.




+/ USER REQUIREMENTS

User requirements are high-level statements of what the users (customers) need from a system. They describe the services,

features and goals of the system from the uiser’s point of view, without focusing on how the system will be built.

. Introduction

User requirements describe what the
users expect from the system.

Th.evd focus on the users’ tasks, Soals
and needs.

They are written in natural language
and ore easy for all stakeholders to
understand.

They do not describe the technical or

implementation details.

. Characteristics of Good User

Rec.[ui'rements

Clear and easy to understand
Express user needs and goals
Independent of technology
Feasible and realistic
Verifiable and testable
Unambiguous and complete

. Sources of User Requi.rements

End users

Customers

Stakeholders

Interviews and discussions
Questionnaires and surveys
Observation

Existing documents and systems

4. User Raquirements Vs Sl‘._[si:em Requi.‘rements

User Recluimmcnts 53 stem Raqu.i.rumen!:s

Describe what users need.

Describe what the system must do
and how it will do.

Written in natural lnn.stunse,

Can be in natural or formal language.

High-level and ge.rwrnl ;

Focus on user goals and tasks.

Detailed and speciﬁc ;

Focus on system functions and

constraints.

Do not include technical details.

details.

Include technical and im]:lementa.tion

E . Exu.m].l'.es__of User Requi.rements

No.

User Requirement Description

1

The system shall allows users to register and create an account.

2.

The system shall allow users to login securely.

The system shall allow users to search for 'P'roducts I::H name or category.

The system shall allow users to add selected products to the cart.

The system shall allow users to place an order and receive confirmation.

The system shall provide users with order history and tracking.

The system shall allow users to update their profile information.

The system shall provide help and support to users.

How to Write User Requirements

e Use si.mple and non-technical !.a.n.sun.sz.
o Focus on the user and their tasks.

® Use active voice and positive statements.

e Each requirement should express a single need.
e Avoid solution or d.asi.sn. details.

e Use “shall” or “should” to state requirements.

7.

Format / Template

The system shall [provid.e a service or feature]
so that [user can achieve a goal or perform

a task].
(This template ensures clarity and testability.)

8.

Impa'r!:o.n.ce. of User Req_uf:rements

Help in understanding user needs and goals.
Provide a basis for deriving system requirements.
Improve communication among stokeholders.
Reduce misunderstanding and rework.

Ensure the final system meets user expectations
and satisfaction.

Conclusion :

User requirements are the foundation of any software development project. They capture the users’ needs and

expectations in sirnpl;e terms and h.clp in bu.i.lding a system that solves the ri.sht pmblem. for the r'Lgh.t users.




1.

+— SYSTEM REQUIREMENTS —

System requirements are detailed descriptions of what the system must do and the constraints under which it must operate.

They convert user requirements into a precise, technical specification that guides design, implementation,

i

testing and maintenance.

Introduction

® System requirements describe the behavior,
features, interfaces, date and constraints of

the system in technical terms.

® They are the basis for system design,
development, testing and validation.
® They include both functional and
non-functional requirements.
2. Characteristics of Good
System Requirements
» Correct — Should reflect the real need.
» Complete — Al necessary requirements
should be included.
¥ Consistent — No conflicting requirements.
¥ Unambiguous ~ Clear and single interpretation.
» Verifiable — Can be tested and volidated.
¥ Feasible =~ Achievable with available
techm{ogg and resources.
» Necessary = Include only essentiol
requirements.
¥ Traceable —~ Traceable to user requirements.
3. Sources of System Requirements

User rt.clu'l.rt.rrmnl:s

Stakeholders

SHstem u.nq.lgsi.s ond md.ell'.n.s
Domain experts

Existing systems and documents
msuln‘i:i.on.s and standerds
Business rules and policies
Market and technical constraints

Laws,

4, T!ﬁ:es of Sﬁstem Requifemen‘l:s

¥ Functional Requirements

¥ Non-Functional quuirements

Describe what the system shall do. f
: Describe how well the system shall do it

ond the constraints on its oFeraﬁorLs.

5. Components of System Requirements

Component

Description

Functional Requirements

Functions, services and behaviors the system must

provide..

€7) NeFangtional Raguivements

Qu.u.ﬁ.tg attributes and constraints such as parforrrmnca.,
security, reliability, usability etc.

8.

|, 7."How to Write System Requirements

v Use precise and technicol language.
v Eoch requi.fe.mnt should be clear, cam?lats

and testable.

v Use oactive voice.

v Use

“shall” or “should”
statements.

for requi.rcmenl'.

v Include necessary details such as input, output,

processing, data, interfaces and constraints.

¥ Ensure each requirement can be verified.

System Requirements Specification (SRS)

g Data Requirements

Data to be stored, 'Pmussed. validated and
maintained by the system.

Interfaces with users, other systems and hardware
devices. l
Requirements for installation, operation, maintenance,
bcu:kup and rsc\cmnrs.

SHstem req.u;.rem.en.ts are documented in the SRS,
SRS acts as a contract between customer and
development team.

It is used for design, development,
maointenance and user training.

THPLCUJ. SRS Contents :

testing,

& Desi - Constraints on standards, platforms, tools, budget, 1. Intreduction 6. Date Requirements
3% time, laws, ete. ) 2. Overall Description 7. Design Constraints
3. Functional Reguirements 8. Operational Requirements
& Exampi.es Of Sgstem Requi.rements 4. Non-Functional Requirements 9. Assumptions and Dependencies
5. Interface Requirements 10. Appendices
No. | System Requirement Description
5 ¥ 9. Importance of System Requirements
7 CO The system shall allow users to register end create an account. P f J g
} (= e
2. | The system shall outhenticote users usmg AT Bl pussuord ¢ Provide a clear and precise understanding of the system.
3 : The 535te.m shnlL allow users to sen:rd'v. fo‘r 'p'roducts bH name or category. ‘ ¢ Serve as a basis fDT de.sl.gn and d’svebpmn't'
1 = il = d 2 : ¢ Help in estimating cost, time and resources.
; te te invol orders.
4 ! spstars. shall. generole iniioes: for Gonfivms i ] 4+ Help in testing, validation and quality assurance.
5 _The_sgstem shall 'respcm.d. to user reql-lﬂsl:s within 2 seconds. M ‘ & Rediice wisks of Ty e |-“ss ard far
Sy The system shall ensure 99.9% cwmlnht[d:s during nermal operations. i 4+ Ensure the final system meets user needs and
7 'T'I'ua .'.Hstern. shall 'protect user data usr-m_] encryption. [L business goals.

Conclusion :

d.eveanm.ent process and ensure that the susb;:m is correct,

Sﬁstem rer:.[ulrements translote user needs into a detailed and testable spegiﬁmﬁnn_
reliable, efficient and meets all constraints.

They guide the entire software




~— REQUIREMENTS ENGINEERING PROCESS /.

Requirements engineering is the process of discovering, analyzing, documenting and managing the requirements of a software system.

It ensures that the right system is built in, the right wey.

. Introduction

Requirements engineering is the first and
most important activity in software
development.

It deals with understanding the needs of
stakeholders and converting them into a
complete, consistent and testable

requirements specification.

It continues throughout the life cycle of
the system.

. Objectives
To understand the needs of stakeholders.
To produce high quality requirements.
To form a baseline for design, development,

testing and validation,

To manage changing requirements.

. Key Activities

Elicitation of requirements
Analysis and negotiation
Specification and documentation
Validation

Management of requirements

4. Requirements Engineering Process (Phases)

1. Feasibility 3. Analysis & 6. Requirements
2. Elicitation Eoes : ification idati T,
Study Negotiation 4. Specificatio 5. Validation Management
N — = e b3 “4
Evaluate the Discover and Analyze requirements Document Validate requirements Manage changes to
feasibility and collect requirements for correctness, requirements in a to ensure they are requirements and
scope of the from stakeholders. consistency and clear, complete and correct, consistent, maintain traceability
proposed system. feasibility. unambiguous complete and throughout the
Resolve conflicts manner (SRS). testable. project.
and prioritize.
5. Details of Each Phase 6. Principles of Requirements Engineering
r Phase PLITFOGG KBH Activities Output , Deliverables ® The customer and stakeholder are invelved.
A Deteridi. AL + Technical feasibility ‘ * Requirements are understandable.
1. Feasibility Study brojet isdworth ding' . E“'W"‘ﬁc fEMH’i"“'fyl Feasibility Report # Requirements are complete, consistent and feasible.
¢ Opaeatiarikl fecaihility ¢ Requirements evolve over time.
| + Interviews, questionnaires * Requirements are traceable.
2. Elicitation AC Y endhcollect o ¥ reajegrgs * High guality requirements are essential for success
- LCL] Ll . P - [} 1y L .
{{ requirements. * Brainstorming, workshops (Preliminary list)
¢ Study existing documents
& ! &F—— 7. Benefits
» Classify and organize Analyzed ‘and —_—
3. Analysis & Understand, model and + Modeling {use cases, DFD, ERD) rioritized * leads to better understanding of user needs.
Negotiation prioritize requirements. o Identify conflicts P ; ) ;
- Py AN requirements * Reduces rework and project risks.
i t e s Improves communication among stakeholders.
o Write : : . .
& Spesification Document requirements b Use staridiind Navliios Software Requirements | * Provides a clear baseline for design and testing.
in standard form. * Define functional and Specification (SRS) e Helps in delivering a system that adds real value.
non-functional requirements
n ; | 8. Summar
L Ensure requirements are * Reviews .u.nd. walkthroughs Validated J
5. Velidation d it * Prototyping ; . ; i
COETGCY. AneSemplets: v Tistenbeidhviyetiin rRguioemenid The requirements engineering process ensures

i 1% Change sontrol ' that we build the right system and build the

3y Handle ch and . .
6. Requirements m:?nt:i: :F:.Ec:ih't't T Requirements baseline,
Management alz . T bili ; Change reports, :
Tacacuingmately Traesabilitybmatrix continues throughout the software development

¥/ £ A8 o | — ) life cycle.

system right. It is an iterative activity and

Note :

Good requirements = Clear + Complete + Consistent + Feasible + Verifiable + Traceable + Medifiable




REQUIREMENTS ELICITATION AND ANALYSIS

L\ Requirements Elicitation 1.3 Elicitation Process 2.2 Activities in Reguirements Analysis

Requirements elicitation is the process of dfsco\rerfnﬁ,
dthering and understandi the needs and: Tdentify Stakeholders
J J "J d

expectations of stakeholders for a PfoPoseaL Sgsfm.

Classification — 'G-roup similar requi-re.me.ni:s.

Orao.nizd:icm — Structure the requirements,

Mod&lfnﬂ —  Use models like Use Case Diaﬂrms,
Data Flow Diagrams, ER Diagrams.

Prioritization ~ Identify must have, should have,

N could have requirements.

[7Conalur.t Elicitation I Validation — Check requirements with stakeholders.

Vb

Plan Elicitation Activities

1.4 Ob i ectives

s To discover all Possfb[e. req:;Eremen{'.s.

- TD understand the real needs Df s'f:a.ke.kaue.rs.
s To fde.nﬁfd constraints and Prfori'f::'as,

2

N\

- Cmflic.‘f_ Resolution — Resolve cun{‘.m.cﬂa‘torj
* To establish a basis for further a.na.[‘-jsfs > ' re%uiremmts.
and  specification. chl and Or‘lﬂanfze l by Rttty Study - Technical, ccmtllf
et operational feasibility.
4.2 Technfq'ue.s for Elicitation e .
A 2.3 Quolities Df Grood. Requtrements
— Interviews — One to one discussion with stakeholders. Fonfirm il Blakehalidics AT - \;e.r[f{';[;. TEstaJ;le
- Questionnaires — Set of qu.e.sﬂons to collect information. "E - e 2 'N;c“:ia
= Surw'e.‘ljs = (ollect data Jcrom Ea.rge. number of Pe.opta g Rﬂuif&ments Analﬂsis --m — I._8- _Priw:ﬂul_ e
—>  Observation — Observe the existing system and Gsers. : i — :
-—> Works;“’f’-‘- / JAD - G’!"O""P a{fscus:?on jwf‘tk stakeholders. Requireme.nfs a.no.tgst's (s the preeess of _4:' U""-’f“"ﬂ}“’“ B l s Tracff["
N . . . s{ud.‘lju'nﬂ elicited mquirzmmfs to undarsi‘avd, i Feasible L‘[U‘. Mndtflable. 8
—> Bra.msformnnj — (Generate as many ideas as Pos&cbl&. orga.nfze, el e e R
— Document Amljsis - Sfu.d.bc exisﬁng documents, 2.4 Elicitation Vs Amlﬂsfs
reports, manuals etc. 2.0 Obie.cﬂves Elicitation AL 0.13515
=% Profo‘tgp ;ntj ~ Build o qu,ick Prafafype. to understand ) "[“55;{3 and mﬂuiz‘" requirzmm{s. Discovers and gathers Studies and understands
user needs. ¢ To check cansistencg, completeness and. requirements. J re%uiremmfs.
—> Uu. Co.se.s - Id&nflfj a.c{’.or's and. their gocLLS fmu"-l&b" F lect: F . i
¢ To resolve conflicts and remove ambisuitg_ .ocu.f, an.. collecting oc:u:: m.mgm;z_;:;g
e To Prfo-ri{[zp_ rﬁff,uil"emenfs. Lﬂfofma.tnm, | re.fmmﬂ mforrnatmn.
S‘tu.kehouzrs : uufs, Cu_f.fomers, Manage.rs, Deu""]"rsa e To create a clear and. structured model Output: Raw reguirements Ou{Pu{‘.! AMlﬂzed' and
Domain Experts, End Users, etc. of requirements. L PYY “q | b mqu;ﬂmmts_ |




REQUIREMENTS VALIDATION

f}_ . Validation Process 'I

-ﬂ: Introduction

Activities in Validation

lioH

Rectui.rements validation is the process of

ch.ec.kln.ﬁ the requi.remae.n‘ts to ensure that 0| v Volidate each fg,%u;,re.mgnt with stakeholders.
tln.ea are: correct, complete, consistent, Prepdg fer Yolidate Hdetiny and CopfiRgsnd v Check for completeness and correctness.
J Validation Requirements Resolve Tssues Document 3

feasible and testable before system v Ensure requirements are unambiguous .
d.eve[opmmt beslns. Jl \L l J( v Check consis’c.encﬂ among re uirements .
9 Obiectives | Plan the unlu'la.{wn Ciu.-;k requ:i.r\-.mnts Loﬂ all issues .Cnnff.rm that all o Ver;fﬂ fea.sd:n[»dﬂ with available tec-hml-OSSI
= _J__ | pfnc.css, I.dm’(‘.;fﬂ usu\,ﬂ VATLOWS fnu.nc.l. and resolve LSSLLES Ore rmlvl!d bu.d.ﬂt’.‘l'. l:l-ﬂ-d- th
* To ensure that requirements reflect the | stakeholders and validation techniques them with the help and document the ) vestabls

actual needs of stakeholders . gather requirements  ond criteria. of stakeholders. validation results. v' Ensure re.qmre,mants oxe LES ’

e v Obtain sign-off from stakeholders.

¢ To detect errors, omissions, inconsistencies |

and “'“‘"‘3“1""*5- g Validation Tecl‘mlqiue.s ‘ 8. Validation vs Ve.r;.fl'.c.a.‘l'.ion
* To ensure that requirements are realistic,

fe.a.s'sb[,e, e —> Reviews - Sﬁstem{'.i.c examination of .req,ui.re.mants bﬂ reviewers . VﬂJ—L&Lﬂ-‘tLD‘I‘I. Veri.f'l.c.u.ﬁon
-3 Wu]ktl-\mua%s - Author explains requirements fo stakeholders . = e 1
e To reduce the cost af r.l'm.nﬁe.s b f;.n.d.;.r-.a ; Are we b:.u.ld.ma the Are we l"-'""L‘l""ﬂ the
D ! J ‘ 2 Inspections - Formal process with defined roles and checklists. right pro T product ri.3H:?
Q7 /Y bl AR Lo validdie. reciirgre il
Y Prototﬂpmﬁ PUge’ o petspe . I Focus on the correct Focus on the correctness
3. Tmportance | > Test Cdse Validation - Check if re.c‘uirements can ‘be tested. req R (5 e
_- E L 4 g8 * o A
ol . " —>  Consistency “Analysis — Check for conflicts and inconsistencies. = T 5 TN :
— Improves 9 L{:S of requirements . | > A \Glidation ~ Vel models Like wse case, DFDSERD efe. | one with s rs one. by velopmen
—> Reduces risk and reweork. ) . ) (customers, users). team .
—2 Ru‘uz.re.me.nt Trac.enhr.l.:.{:ﬂ - Trace rec;w..re.m&nts to source = —
—> Ensures customer s.a.i'.lsfa.cﬂon‘ ard dosiribrenm artifacks’ | Occurs before Occurs du.rin.s and
—> Provides a good baseline for design, development. after development.
development and testing. 6. Validation Criteria. (Qualities) )
—> Saves time and cost. | e g M
1. Correct 6. Verifiable / Testable |
e . ‘ e 2. Compl&ie ! 3 Nsrass ary | - Validated Require.man{:s Document
"Ni'te_ :_ anﬂ e l.n'r‘eqw»r‘emen h = 3. Consistent 8. Prioritized > Validation Report
(during design or md"‘”ﬁ) .|.s AT e & 4 biguous 4. Traceoble ‘ > List of Issues and Resolutions
expensive . Therefore, validate e.a.rl.ﬂ ; - . .
] Salidote H‘\orcushlﬂ. 5. Feasible _. 10. Understandable =3 Stﬂr\.ed.-off Re.q‘u.t.re.mn.‘l‘.s Baseline

Concluston :

Re.cl'uf.rem;nts validation ensures that the req'ulre.mnts are accurate, complete ond acceptable to all stakeholders.
It is a critical step to build the right system and avoid costly changes later.




_ REQUIREMENTS MANAGEMENT

!;- Introduction

Rﬁq_uireme.nts manase.merd‘. is the process af
T.d.enl‘.ifsinﬂ, organizing, tracking and controlling
requirements. and c.iw.nses to requirements
thmuahouf the project.

2_ ; Ob'lecti.ve.s

e To manage cha.nse.s to requirements.
¢ TJo maintain c.nnsi.ste.nc.ﬂ and. t'rmo.bili‘t:'

of requirements.

e To ensure that requirements ore complete,
correct and up-to-date.

s To communicate requirements e.ffecti.val.a
among stakeholders .

¢ To control | the impact of clwmﬂes on cost,
time and q_ua.l.i‘[‘.:j.

[

: ImEr'l:cmce.

Accommodates changing needs of stokeholders.
Reduces the -impact of requirement chn.n.ses‘
Maintains = requirement i.nte.ari.{s.

Impraves communication and coordination .

b L LA

Ensures better planning, estimation and.
‘l;racki.nﬂ.
- Helps in d.e.live.rins the ri.ﬁht product .

Note .
ensures that the right requj.mme.n{s

Good fequi.remn‘l:s ma.rmsemrl.t

are built, changes are controlled and
the final product meets stakeholder
needs .

Requirements quaﬂement is the process of managing changes to requivemen’:s

throu.shout the saftwc.re d.euelopmnt l,ife c:ic.LL

f: 55

Egltj_ﬂc.ﬂvi:l:ies in Rec[‘ui.reme.nts_ Management

Re,qui.'rcmgnts Identifimtlon - Icl.en.hf:j and. document reqpuiremnts.
Requimmgnts Orsm{.mﬂon — Structure and organize requirements.

Reobui.remen’cs S{ora.ﬂe — Store re-:luivemznts in o repositery.

ooop

Requirements Traceability - Maintain links among requirements
and. other work products.

Change Management - Handle changes to requirements.

Version Control - Maintain versions of requirements.

Status Tracking - Track the status of requirements.

Requirements Baseline - Establish and maintain baselines.

Impact Analysis - Amlﬁzz the impact of changes.

Re.qui.remen.ts Audit - Review req_ui.re.men‘l:s far correctness

Qs 0 OO0 O

and compliance .

|

Requiremznts Manogement Process

L P 2. I‘I‘“ﬁfﬂ 3. Orﬂnnizt.

Plan. the requirements Tdentify and doc :
management ackivities,

CLassifb;, prioritize and
structure requireménts,

Y

S requirements from
processes ols .

stakeholders .
|
v - v
4. Store | 5. Track
= PRt 6. Control C}lnnﬂes

Store rtqu.irnmnnls in Trm;k quu-l"!meﬂtﬁ- E et ! wm}ﬁ}ﬁﬁ

e I
* Teposteny fur o Staiis thrwahwt | and implement cl'w.nﬂes

access and Shﬂrmﬁ' | the Pmnj"d." to rz:‘u.irsmmts.

|
o= v \
7. Maintain Traceability ‘ [3. Baseline & Version 9. Review & Audit
Maintain links between Establish baselines and Review and oudit requirements
requirements and other maintain different Periodicnﬂtl for accuracy and
I project ortifocts. L versions . compliance .

| _EL Change Management Process

[

1. Change Request ‘ > A .:,ha.nﬂe is requstcd bﬂ

) a. stakeholder.

—— .
2. Impact Analysis J — Analyze impact on scope,
= = cost, time and quality.

3. Chnn.se Evaluation —» Evaluate the change request

(Appmve. / Reje.d: / Defer).

v

i’4. Change Tmplementation | —» Implement the appmved

'l' changes .

|5. Update & Communicate | —>

Update documents, baseline
and inform stakeholders .

b

r 6. Rtwigw —> R&'.vi.ew I'."LG d'lcm.ﬂe and. ;ts

effects.

7. Tools fo'r Requ.i.remn’cs Mana.se.mnt
DOORS (IBM Engineering Requirements Management DOORS)
JIRA
Polarien
ReqIF

A T 2

Microsoft Excel / Word (fw small projed;s)
Caliber RM

Deliverables

Requirements Manogement Plon
Requirements Repository
Requirements Traceability Matrix
Chonge Request Log
quru[re_mgn{.s Status Report

Requirements Baseline

Conclusion : Req'ulrements mu.nuﬂe.m.ent ensures that re.q,uire.m.e.nt c.hcn.ae.s are Ld.anl:'nf-'.ed., evaluated , controlled and tracked
praperlﬂ. It helps. in d.e.ﬁv:rinﬂ a !r\i.ah qu.alit& Prod.ur.t that meets stakeholder needs within time and bu.d.ﬂzt.
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RISK > MANAGEMENT

1. Introduction

Risk monagement is the process of identifying,
anolyzing = and c.m‘]'.ro[ll'.nﬂ potential events

(risks)  thot may affect the success of a
project or the system.

2. Objectives

* To identify potential risks eo.rlﬂ.

« To a.n.n.l.ﬂze. the impact and Proba.blth:j
of risks.

* To plan and implement sim{aﬁles to

reduce or eliminate risks.

e To monitor risks Hwoushoud‘. the Froje.c.t.
3 Tﬂpe.s of Risks

4. Risk Mmﬂemeni Process

T:,'Fe or /Risk Description

Prbje.d'. Risks Risks reloted to schedule, cost,
|_resources, and P'.u:u'l.;.nﬂ.

Technical Risks Risks related to technolegy,

tools, or technical issues.

Risks that affr.c.t the business
obju‘tive.s or stakeholders.

Business Risks

External Risks Risks from. outside the ?roject

(morket , Leﬁa.l., envirenment ) .

OPefod:iaml Risks | Risks related to d.u.ﬂ-{'.o-d.n.:j
opem’ti.ons and. processes .

8. Risk Mo.n.a.ﬂemzr\.’c. Plon - Ke.ld Contents

¥
s Risk ]_:é_en‘lzificnt[on
Ic[.anﬂf:j all Possi.h‘.e. risks that
c.ou.lcl u.ffect the Pra‘]ec.{'. J

v

2. Risk An.a.l.ﬂ sis
Ann.tﬂze. each risk in terms o;f
Pmbo.bill‘l:x‘j and. i.mPa.d:. :

v

32, Risk Ewvaluation
Prioritize risks bosed on their

L

——

5. Risk Analysis

s Proha.bi[l{:a (P) : Likelihood af risk or_curﬂ'.ns.

o Thodt (1) : Effect of risk on project if it ocoufs,
o Risk Exposure (RE) = Probability (P) x Impoct (I)

se.ueri.i:j (Hiﬁh / Medium /[ Low). J

v

4. Risk Mi{:iﬂ ation ( Respume)
Plan  and i.mPlemm‘L .s’crn.i:as ies
to redice or eliminate risks.

v

5. Risk Moni.‘i‘.ori.ng
Track id:nﬂfizx:[ risks and monitor
new risks I:hmualn.out the Prnje.c.t.

6. Risk Review & Control
Review risk status and control

L

Probability (P) Impact (I) Risk Level
High (0.7 - 1.0) High High
Medium (0.3-0.6) Medium Medium
Low (0-0.2) Low Low

Risk M'l.ﬁgn.ﬂcn Stro.‘l:e.ﬂie.s

c.}u.\.nﬂcs when rulw'.red. .

Avoid : Change the plan to eliminate the risk .

Reduce : Take. action to reduce probability or impact.

Teansfer i Shift the risk to o third party.

Accept' + Acknowledge the risk and prepare a
contingency plon.

SR 20 R A R

hy

Risk Monitor inﬂ

. Resula.rl:j review risk status.
e Track new risks and r_h.n.n.ses .
° U_Pd.g;l;g risk mmseme.nt Pl.aw. ;

» Ensure mitigation actions are effective.

9. Benefits of Risk Mwu.sement

#* Risk Id.en‘!:i.flcaﬁor\ # Risk Evaluation

# Risk Ann.'.ﬁ sis

% Risk Mo«nl{:orinﬂ Plan
#* Mi,ﬂ.sa_f'mn S‘tm‘tesie.s # Roles and Respons;htl.d‘.ies

£ Repm’kinﬁ Mechanism.
% Review and Updote Plan

v Impﬂwes P-mje;cl'. success rate.

v Reduces une.xFer.ted. Prabl.ems and costs.

v He.Lps in better 'PLann;.nﬁ and decision mnkl'.n.ﬂ.
v

Trnereases stakeholder confi,d.ence. ;

Conclusion : Risk mnna.ﬂeme.ﬂ.{'. |'1e.|.ps in id.en‘l‘.i.fﬂinﬂ Po{'.eni:lo.l. problems ea.rl.a and. '|:o.!t.En.3 u.ppruprin‘l:e

actions to ensure 'Projec.t success within time, cost and ct_u.ﬂ.U.{:U,




i.

Introduction

(RISK STRATEGIES

Risk strategies are the planned actions token to
manage the risks that may offect the success
of & Projec‘l‘.. The main aim is to reduce the
Pro-bablli.’c.ﬂ or imFa.c.t of risks or to handle
them &ffec.{:iveLU :

2

Obj ectives :

To reduce the n.e.sn.ﬂve. LmPu.c.t o-f risks .
To take a.d.vo.nto.ﬂe c:F Posi{:ive. risks

(appari:uniﬂes) :

To im?mue the chances of Projec.i success .
To ensure better PLq.nrd.na and. decision ma.k:'.n.ﬂ,

I&Pes of Risks :

Prnjed'. Risks -

Technical Risks

Risks -

Business

I

External Risks

O‘Pe.ra.ﬂnnal Risks —

Key Points :

* x x 1On

related to cost, time, scope,
resources .

related to 'I:e,d'moLoaﬁ , tools,
technical
related to market, customers,
competition .

related to Lasal , political,
environmental factors.

related to da.ﬂuio—d.n.tj

operations, processes.

Lssues .

No sl'.mteaﬂ is paffec,{'. for all risks.

Choose the best s‘l‘.ra.i:e.ﬂﬂ based on /risk tﬂpe. , impact, cost and resources.

4. Risk Strategies (Responees) :

The ‘main risk s‘l:ro.{:eai.es are :

»
S‘I:ra.*:e.sﬁ Descripﬁon When to Use Exo.m.p[e
1. Aveid Ch.n.nﬂe the -Fl.an to eliminate | When the risk is too h.i.ah. If o iec}uwl.oaa is too
the risk c,omPLe.{'.eLti. and cannot be tolterated. | risky, choose an alternative
techno[.oa:j,
20 MLtlﬂg_{;g_ Teke actions to reduce the When the risk cannot be Add more l:esﬂna to reduce
proba.bil.itﬂ or f.mPn.c'l'. of the | eliminated but can be the chance n:f software
risk. reduced. . failure .
3. Transfer Shift the risk to a third When another P"""tl‘] is Buﬂ insurance to transfer
Pa..riﬂ who is better able to | more cupa.blz. of hand.[.m.ﬂ fl'.n.o.ncial risk.
manage ik, the risk.
&4 Ac.r.e_F{ Ac.krwwl.ed.se the risk and When the risk is low or Ac.c.e.]:t minor de.l.a.ﬂs that
do no'&hf.nﬂ unless it ocecurs. | the cost of d,enlmﬁ with it | de not u.ffec.t the overall
ts more than the ben.efi.‘l:. Proje.c.‘l‘..
5. ExPLoLJc Take sl‘.e.Ps to ensure that When the appor‘i‘.unl‘l‘.ﬂ can | Use a new tool to i.mprove.
(for Opportunities) | an oppc'r'l:.uni.‘l:.ﬁ (positive risk) sive a si.ﬂnif{.cm'\t benefit. Prod.u.c,ﬂvi.{:tf and Cl‘l.l.ﬂll*.ﬂ
occurs .
6. Enhance Increase the proba.b?.l.lttj When the oPPof{'.u.nH‘.ﬁ can. | Provide training to enhaonce
(for Opporkumhes) and meac.{. af an opportum.'tﬂ. ﬂi.w. more a.d.van{u.ﬂn_. team skills and Per-farma.nce
7. Share Share the o-pparl'.u.r'u'.ia with | When collaboration can Partner with another
(for Oppoftuniﬂes) others who can I‘u:LP increase the bene.fi.t af company for better
maximize it. the oP-Portuni{:t,. market reach.

Risk stra.{:e.aie.s should be reviewed and upd.a.’ce,d re.sul.n.rlﬂ.

6. Conclusion :

Effe;:.ﬁve risk strategies help in reducing threats, tukinﬂ

the P'roje.d'. :

o.d.va.r&.a.sa of oppar’cuni.ti.e.s and. e.nsu.w'.r\.s the success of




SOFTWARE RISKS

e

1. Introduction : 3. Sources of Softwo.re Risks :

B 2. Choracteristics of Saf{:wm-e. Risks : g
Scf{wa.re. risks are Poi:en.‘i:[.o.L Frol:l.ams that maﬂ Y . v Req,ua.femn{.s
occur d.u.rl'.nﬂ softwu.re. cl.e.vel.o]:mm{ and: a.ffo_c.{ ” Tﬁt‘ o u:e.r*l‘.o.v.n. ;ve.nts. A A . ';sch::loaﬂ
the Proje.ct in terms of cost, time, cp.unli.{:ﬂ or g o Tt NONE: egasive OF PRARVIT ¢ Teop
= They should be identified early. o Process
scope.
d - Tl“'tl can chrm.se over time. * an%s .
— The.t’ con offect Proje.ct success . * A

e  Project M ement
4 Tﬂpes nf Sof’c.wo.re. Risks : ! e

-

Risk Co.te.sor:.j Description Examples Impact Related To
1. R%ui.reme.r\.t Risks Risks related to problems in ¢ Unclear requirements Scupe c.hmxﬁe.s, rework , .
: 2l ; . Req’mmm‘hs
undarsto.nd:.na, d.efmma or . Cha.nam.s requirements d.elmds, cost overrun
m.n.n.uﬂins rer.'_uireme.nts. . Missinﬂ ru:l,uirtmnts
2. Technical Risks Risks related to *-e-d‘u'ml-os:j, * New or unproven technolosﬂ Inte.ﬂrn-tion Pr'obl&ms, Technotoss
tools, hardware or technicol . Incompn}.ilnle. sastems technical fo.ilurr.s,
r.cmFl.exltﬂ. . Pe.rfnmmce. issues Perfovmance. d.e.amd.a.tf.on
&9 Peopl.e Risks Risks related to people * Lack of skilled resources Low productivity, delays, PeoF{t.
involved in the project. . Hlal\. staff turnover q,u.o,l.l‘l:.a issues
- 'Pan c.om.rrw:rti._r.itifn
4 Process Risks Risks related to the saffwm . In.adt.q’u.aka process Rework, d.e.fu:.‘ts, Process
process and davebpmerd‘. +  Not followlna standards schedule sli.pPa.ae
E’dwd.s - . E:-or_ e_s’cim{‘.lon.
5. Tool Risks Risks related to tools  ard +  Tool fn.;.Lures Reduced Frod.uc.‘l:i.vltu s Tools
software development ¢+ Tool not suitable | dota loss, dg.l.nﬂs
. e s * Lack of tool support | 5
6. Proljgc;"(, Mo.noﬂe.mni‘. Risks| Risks reloted to Fln.nmns, *  Unrealistic schedules Cost overrun, dr.l.n.:js, P'ro‘jec’l‘. Muwae.ﬂwnt
schgd.uuna, mr\.i.’ccr?.ns and o Poor risk mnaﬂe.mn*. Prc‘}e.d’. fu.i.l.u.r‘t.
. controlling the project. - | Inadquo.h. resources
7. Environmental Risks Risks related to external . Cl-u.nﬁes in market iju’c disruption, Environment
environment fn.d'.nrs. . Leaul or resulnioru cl‘m-nﬂq.s increased cost, ule.'-n.Us
- * Notural disasters
8. Qu.ol:.tﬁ Risks Risks related to sofl:wnre. . Hlﬂk d.e.fec.l'. rate Low q'u.ﬂ.l-;.‘l'.t’ Fvod.u.r_{, Qu.ald:.a
q,u.nli.‘ts and re.l.inbi.l.&u_ * Poor {'.e.s’t.a'.na customer dissatisfaction
how o B y . Mninkn.i.\lo.l:il&ﬂ LS5ues
5. Seftware Risk Monagement Steps : 6. Importance : Note. :
- Risk Ide.n‘l:i.ff.ca.{i.on - Risk Rcspons-r. Pla.ruu.n.s ® Helps in em-la identification of Po’uniuml. Proble.ms. Not all risks can
-/ Risk At\nL&sls = Risk Monitorinﬂ * Reduces umzrlw.nta and improves decision muku\a be aveoided, but
A Rl Pisvitization A5 Rhk Covkik * Helps in completing the project on time, within budget ond with quality . they can be

. ImFmvt.s chances of Frajac.{'. SUECESS . rﬂ.nne.ﬂu.[




1. Introduction

Risk Iclenﬁfi.c.u.ﬁon is  the process oj"

f i.nd.i.n.s 3
potential risks

success o‘-f a P"ﬂjed--

2. Obj ectives :

v

To understand the
sources of risks .

To document
analysis and action.

causes

risks

'Pta.nr\.i.n.s and. mca.rw.aeme.nh.

IMPOT{G.I"L{.‘.B .

T e

Success .

7. Sources of Risks :

Project scope and requirements | =
Technology and toels | =

People and resources

recog n.?.zi.n.s and de sc.rlb'm.s

To i.d.e.r-.ti.fﬂ Po’t.ent[al risks e,a.rl.ﬂ_
and.

fQT fl..l.'l‘th.gr

To -P-rwi.d.e. input for risk o.nnl:jsi.s,

Helps in early detection of problems.
Reduces. uncertainty and surprises.
Improves planning and decision making.
Saves time, cost and resources.

Increases the chances of ije.d‘.

RISK IDENTIFICATION

4. Risk Id.enti.fi.ca.ﬂon Process : 5. Technigues for Risk  Tdentification :
i . - u i : rate list risks .
1. Plah Risk Identification % Feaiistanpuiy Gisip. discission. 1o g Lk & y
Deaifls? how, “when and by whom risk *  Checklists = Using predefined checklists of common 7
identification will be done. #* Interviews - Ptsk'mﬁ expg.r‘is and stakeholders for their views.
‘L * DeLPhJ.. Tecknlque - Ge.t”(.i.n.ﬂ opinions from. @ Pcm.e.l. uf szefts.
9. Tdiaki Risk * SWOT An.a.l.ﬂs:.s - Idgn’cifai.n.s risks ffom Weaknesses and. Threats.
- nti isks ;
fﬂ » Ass:..u.mFl:Lon Aua.l.ﬂsl.s- Idgntlfﬁinﬂ risks frnm -Proje.c.{ u.ssumph.ol‘\s-
Find and list oll possible risks that i e o i : i ok .
L 1 - L rom. ects records .
may a.ffed'. the Prolject. ¥ i i g f Ll
< 6. Risk Identification Template (Example) :
3. Document Risks il i i Bl Fo P L T b | Tdentified Date
Record identified risks with details i e 2 B g i By
such as couses, i'""P“"'t and mh'ﬂ‘“".j R-01 | Delay in requirement | Requirement | Unclear or on‘j.et-l delay, ijed. 20/05/24
¢ anﬂurm.a dm.nsms rneeds | Cost overrun Team
4. Categorize Risks R-02 | Technology met Technical | New or untested | System failure, | Technical |20/05/24
Grm..l.P risks into mtesori.es for compatible technology Rework Lead
d e R-03 | Resource Resource | Lock of skilled | Schedule delay, | Preject |i20/0s/24
¢ umvnilnbili:l’.s resources Low productivity Munq.aer
5. Review and uPd'O'tE R-0% Budﬂ,t*. Cost Incorrect Financiol loss, Finance 20{osf24
Review the Llist 're.suln.rl.ld and add S estimation Stk veathon Team
new risks as ije.c.{. r.l'u:l.nﬁe.s.

Processes and methods

(legal, market, economic)

Stakeholders

Good. Practices :

v bl |e

Involve the r'ush:l: Peapl,; in i.d.znﬁfi.cnﬁ.un !
Use maultiple techniques for better results.
Docurent all Ld.en.ﬁ.fi.ed. risks Pmpe'rl.ﬂ i

Ke.e.P the risk List U.PCIJJ.‘LECL ﬂWuﬂhout the projec.t

Note :

Not all risks can be identified ot once.

New risks mey appeor os the iject
progresses. Continuous Ldmﬂfi.ca.tinn is
i.mportan:h :

Conclusion :

Risk i.d,en.ﬁfi.:a.tian is the :Fi.rst and. most lmporia.rd'. s’cep in risk mmsgme.nl'..

A compl.e.'r.e.

and e.n.fl.a i.d..e,n‘l‘.:.ftcnﬂpn cf risks hr.l.Ps in  proper Pl.n.n.r\.i.ns, risk a.rmlas;.s and t.n.ki.n.a e.ffe.c.’c.'we actions .




i . Introduction :

RMMM PLAN

RMMM Plan  stands for Risk Mitigation., Moni.{',orlnﬂ and Ma.n.u.sement Plan .

RMMM Plan “is ‘o documented plan E RMMM  Plan Details
that deseribes how risks will be -
mlb'.ﬂnked, monitored and 'm.m\n.aed c Plan N Desc.riPJci.on Activities Tools / Techniq'ues strxon.sible. Freq'ue.n-cﬂ O'U-tpl-'-ts
'throu.sknut the 'Pﬁ-ojact, i ket
9 Ok eckives 1. Risk Defines actions to . Id.c.nﬁfﬂ m’c.uﬁnhun options Risk mitigation strategies Risk Owner / As per risk Hiﬁﬁuﬂnn action
. L 5
J i Mitigation Plan | reduce the probability | + Evaluote and select actions | * Cost-benefit analysis Project Manager |  priority plan, updated
e To daf'-.ne s‘i:fo:l'.eﬂi.es to m.i.'ti.so:l:c or impact of risks. *# Implement mitigotion actions Expert Judgment risk "ﬂﬂ‘“i*-'-"
id.erd‘.i.fi.ed. risks .
PO Earr asks esnks uslﬂ. 9 Risk Defines how risks & Monitor risk indicators Risk dashboards Risk Moniter [/ R'.zaul.o.rLH Risk stotus
s T ke effe.r.i'.i.velﬂ . Monitoring Plan | will be tracked » Track risk status Key risk indicators (KRI) | Project Team (Weekly / reports, issue
s izE Mﬂa.{’.i.ve i.mpa.:.’l‘. ond. monitored. . ¢+ Detect new risks Review meetings M.on;thLH) 1.935
¥ er'.au..re Irodect obded'.wes 3 Rl Defines actions to * Execute response plan Risk response strategies FroJect Hnnnﬁ:rf When risk Action taken
are achieved . M £ Plan arerele e + Eseoloke i.f ‘"“],“i""d (Avoid, Mi-ti.ﬂah:, Trw'\sfer. Risk Owner is i‘riﬁﬁ:ﬂd records “‘PM»
3 4 o Lo Df RMMM Plon - they eccur. * Reassess and adapt Accept) risk status
= P 5 th!'.m.se.n.:ﬂ ,?lcuu.
1. Risk Mitigation Plan ' 7]
2 R:k M;n?{:m Plan 4. RtPorEEnS Def'me.s how risk . Prepq.-r!. risk mpm"ts Risk reports Proje.d. Mmoﬂeff Periodic Risk ri.'PoH:s,
‘ ” 3 Plan information will be | * Communicate to stakeholders Meetings & presentations Risk Monitor (M.oni:kla / Frumtnﬁons.,
3. Risk Mm.aemn’: Plan | = nicated . o/ Dasirent lesions learned o Documentation Mu.e.s{om) lessons learned
& R&Far‘tf.nﬂ Plan
4 'RMMM Plan Process 6. RMMM Plan Template (Example) :
¥ = — B = =i | iy 1]
< . il Prababilit Impact Risk Level AhaE o Menitori - Review
1 icks it L5 CTiplion £QoT d Fe i n i ™3 &AL ey
i I‘*‘“t*ff Risk ] = ml — Cotegmy | (Lpmm) | (L/M/HY | (LM/R) Hitigation Strateny Method iy Frequency Pt
—— g -
R-01 . requirement - - . E stokeholder mlda.ﬂﬂ s, | Week Progress Allocate extra Project
[ 2 Amiﬂu_ & Priovitize Risks ] ;':E N % Schedule High High High ;la el "“j buffer time M ) - Weekly | Open
i : . . Resource i cross- | Resource uhilizobion | Use alternoke Resource |
3. Plan Mikigation Strateaies R-02 Resource umwt.lnblhtﬂ | Rescurce Mediuem Hls!\ H\a"\. P]'nm“nﬁ’ Mm\‘.hlﬂ DPG.-.,
[— = _3_— SJ J i troinina -rtPcrt | resources Huma.&er ‘

[ 4 Monitor, Mmoﬁe. & Review }

7. Benefitsof RMMM Plan : RMMM Plan helps in proactively managing risks by Note : RMMM Plan should be o
e Provides a structured approach to handle risks. rn.i.‘l:i.ﬂqti.na them , rvwmtorma their  stotus and "w'm"'ﬂ"“ﬂ I_i_\,-;,nﬁ doamE Y onl. u.l._,d_n}_,_d_
* Reduces uncertainty and surprises. them effectively. Tt ensures that potential threats are regulorly as the project

. Improw!s decision mklnﬁ and 'Projut control |
e Enhances with stokeholders .
» Increases the chances nf ]wnjec;l'. success .

controlled and Proje.c.l'. ol:u-je.c.ﬁve.s are achieved su:.r.g.ssful.l.u_

progresses .
communication




1% De.sf.qn Process :

Design  Engineering :

Desajn, process om.ci DE.SLSYL q,ualkttj

De.si.sn. process is a sﬂste.m{'.ic. o,PPr‘oa.cJ'-. to . convert

retiuire.m.e.r\.ts into a solution. It Provf.d.es a bl,u.e.'f:lf‘ll.r\.'l:

fo'r construction and imPLeme.n{:a.tf.or\..

S‘I:eps n Desiﬂn. Process :

1 Reqruire,ment
Aru;\.l. SLS

N\

2:Des LSn.
Spe.c.i.fbca.’c.i.on

-3 . COH&EF{'.U-CLL

De.s[c n

N

4, Detailed
Des [31’\.

A 4

S Desi.ﬂn
Evoluotion

h 4

6 . DQ.SE.SI"‘.

Documentation

\

; Desisn.

RE.V I..E.L\)

—3> Understand and annluze. the re-:tui,rments

of the ssstern.. Idmﬁfﬂ the
constroints and Jtunc‘ﬁional needs .

abjecﬁvas 3

Defin.e the overall architecture, data ,
I.n{‘,e.rfn.c.e.s and. c.mnpnnznts. Pre.Pn.re

d.e.siﬂn spec.i.flm‘l‘.ion.s :

Deve,l.op hish—lgve.L cl.e.siaﬂ. c.on.ceP‘!:s and.
models . Focus en the overall structure
of the sﬂstem.

RE.:FI..M the de.sfﬁn in detail. SPec.i.f:.j
o.[ﬂo-ri:hl'uns , dato structures , modules,
Ente.rface.s and. user in'l'.e.rfa.c.e. \

Review and evaluate the dui.an fm‘
correctness , c.omPLe.i:e.rw.ss and q'uo.lf.fj :
Idx-.nﬁfd d.gfe.c.‘l:s or i.mprove.mn'i:s.

Pre.Pa.re. dgsi.an. documents , diagrams,
models and 5Pac.if;.;aﬁons for _futur&

reference and communication .
Conduct farmn.]. reviews to ensure the
d.e.sa'.ﬂn meets re.cl.u.r'.reme.nts and. ‘L""""l".'{’"j
standards ba_fore. impl.emtaﬁon.

2. De.s:.ﬂn. Qu,o.ld:H :

Desiﬂr\. c[_uo.].d:ﬂ re.fe.'rs to how well the d.e.sf.sn meets the req'ui.rc.meni\s
and. .-sa,tslsfie.s the needs nf users oand stokeholders .

Ke,l.l Attributes c_f Good. Des;.(cfn. Qual.d‘.tf z

1. Fw{'.[onali‘tj
2. Re.Lf.abi.u.'Eg
3: usabui{j

4. Efftciw.j

B Maﬁnta,inab;.u‘l:ﬂ &

6. Sc.aln.bil.i.{::j
? . Se.cu.-r’l.{:j

8. Testa.bil,f.{ﬂ
5 Re.usa.bi.u‘!:j

10. Porf:a.biu{:j

The d.e.siﬁn should  fulfill oll sPe.c-'.Jcl'.ed. racl'uiremeni‘.s
and. Perfm*m i.n.te.nde.d. func.tmn.s

The d.-e.siﬂn should be reliable and available under
ex]:uer.‘l:.ed. conditions .

The d.e.sn'.gn should be easy to understand, learn
and. use b:[ the users.

The d.e.sn'.ﬁn. should utilize resources (time, memory ,
CPU, etc.) effl'.cier-.ﬂﬁ :

The d.e.sf.an should be easy to Md""fﬂr correct
and . enhance .

Tl'uz. c!.esf.&n. should SI..I.FFOT’{: futu.rt growum and.
cha.n.ses in requi.re.mnis.

The clesiﬂn. should Fro{ec.'t date. and resources
from unauthorized oaccess and threats .

The d.Q.SI'.SY‘L should facilitate easy 'Ees{:-'.nﬂ and
defect identification .

The d.e.sisn should Promo‘i:e. reuse of camFon.e.rd‘.s
and reduce du,PU.caﬂon.

The d.e.sl'.an. should be a.da.Pf-abLe to diffe.re.nt
Fla.i:forms and. environments .

Note : A 3ona[ cJ.e.sEﬂn. ensures Fu'.gh c,’miﬂ::j s:»ftma.re., reduces rewerk

and cost,

I.umve.s customer 5a.ﬂ.sfa.c.‘l:£on and leads to Proje.c‘!‘. Success .




1. Introduction

Softwo.re. Architecture is the fundamental
orsmizaiion of o 555{‘,9.:'& embodied in its
c.cmFonf.rL’t.s, their re.la.{:i.anshi.]::s to each
other and to the environment, and the

F'ri.m:,'t.]:ale.s Su.J.&.Lnﬂ its d.zsiﬂn. and eveolution.

It provides o blueprint for the SUste.m-
and heLFs to manage comPLe.xi‘l'.ﬂ_

2 Defi.nf.’d.on .

So‘f{‘.-.oare. Architecture is the structure
or structures of the 555‘1:e.m, which

ccm.Prlse..s the

ax’c.e.ww.ll.u visible properties of those
elements, and the re.l.o.{'.i.on.shi]as among
them .

Sc:f{:mo.r-a elements ,

Pu.rpcse / Imporia.nc.e :

Provides overall system  structure.
He.LPs in ma.r-.aﬂi.n.s C.DI"I'\.P'.EXLE.S.
Focilitates communication among
stakeholders .

Supports WLH u.na.l.:jsis
attributes.

Acts as a basis for de.si.ﬁn., LmPLe.—
mentotion and i&sﬂnﬁ.

Improves rna.ink,ul,mbi.[i.{s : r'eu.su.hi,l.i.’c.nj

¥ b 4

4

cf q_ml.i.{'ﬂ

4. KQ.H ELe.men{'.s OJC So‘f{'.wa:e. AI"CI‘LI-.{'.QC{LLT'E.E

Cm'nFﬁMn.‘t‘.S Conmc-tars
The building blocks Mechanisms for
of the saste.m._ communication

and. interoction.

. Lntroduction to Soffware Architecture

Conﬁﬁuraiian SDJC bware r In':.erfmces )
The tomaiet Architecture P ol il
of corr-.Panutis sHstr.m interacts
with other
com,pon.u'\ts or
Constraints systems.
Rults or limitations | &
that affui. the dz.sxﬁn.

| 5. Types of Software Architecture (Exo.m]:le.s) :

. La.nde.re.d. Architecture : Sﬂsl'.zm. is divided into la.der.s,

each

o Client - Server Architecture : Clients request services

fmm. server.

Sﬂsl:t.m. is r.am.Posed. of small ,
indepen.clent services.

Dato. is Pmcessecl. thmu.ﬁh

s Microservices Architecture :

. ‘Pi'[u and Filter Architecture :

o series of fi.i.i:zrs (comporwd‘.s)

e Event-Driven Architecture : CamFone.n‘!:s communicate

bﬂ Produ.r.mﬂ and. l:onsu.rru.nﬂ events .

ruusmafﬂulﬂﬂuhlow

and Sc.a.].a.bil.'d:tl_
[ Note :

Good. architecture leads to sﬂshm.i thot are robust, maintoinable, scolable
and. cost - effective Uurou.shaut their lLfecsc.l.e.

|

6. Characteristics o.f Good. Architecture :

v Modularity Divides system. into maﬂe.nblt. Pu.r’l'.'.
v’ Abstraction Hides unnecessary details.

v Cohesion Hi.sh cohesion. within c.ar‘ﬂ-?cmf.rd::-
v Coupii.nﬂ Low coupl.i.r-.a between compome.n{:s‘
v Sco.la.bi.li.’c:j Handles smmﬂm and c,h.o.ruﬂe eo..si.l.a.
v Muiniainnbi.lﬁ.ﬂ 3 EO_'»‘Ij to md.ufﬂ ond enhance.

v Re,usn.bi.li.ttj Com.Pone.rd:.s con be reused.

v Rgl.i.nbil_i,ta Works c.crrec.’c.lﬁ and c.ons?.ste.ni:l.tl.

7. Architecture Vs De.si.ﬂﬂ.i

[_AsPed: Architecture Dzsi.sn.
Focus Overall structure and Detailed solution and
Hﬂh‘-hwl or&an.i.zab.on r Lrnphxnu-&aﬁm
Level Huﬂk - level (Euﬂ Pud'.ure) lié Low level (Details)
Decisions Ma:]cr duiﬂn decisions | ALﬁoﬂﬂ'\rﬂs. data
frameworks Pn:i:l:nm.s : siructums,_cla.sse.s,g{:c.
Chn.nﬁe.s :{mﬂd. and. 505*.'.5 | tRe.I.q.ﬁ easier
o d'\.qnse.. | te ch.q.nae..
|
PurPose Defines the skeleton Defines the uorki.nﬂ
of the system. of each part.

8. Conclusion :

Scftwcmre. Architecture is the foun.da.{.ion of any
well- d.e.si.srw.d.

Sﬁs‘t%m meets

successful sof{'.wa.re. sastem. A
ensures that the
functional  requirements as well os q'ua.]itﬂ

attributes, and can evolve with c.‘-m.n.smﬁ needs .

ar GL’\L{EG‘E-U.‘I’E



1. Data De.sign.

Data d.e.si.an. is the process af c[e.si.sm'.nﬂ the
data elements, data structures, detabase
schema and data access mechonisms fr.rr' o
software system. It ensures thot the dota

used in the s-dsiem is occurate, consistent,

orsanized. and. easy to access.

Obiecﬁves :
¢« To

organize data to meet the requirements
of the system,

reduce dato rc:lun.dancs and uwmus;s&ncﬂ
ensure daote integrity and security.
improve dota. access r.ffv.ci,em:ﬂ.

su.FFm"c. futu.re r.hn.nﬂcs and. 5cnl.n.|:i.Li.tH_

Collect and mLﬁze. data
requirements f-om different
Sources.

Id.en.h'fs data nE:i:d.s, their
ottributes and rel.n:hm.sh.u.Pa

Create ¢
daoto. and relationships.
Map the conceptual model
to logical model (tables,
keg,s, relationships).

Des".sn schema, constrainds,

indexes and doto access

Check the dzsiﬂn. for cm.si.s‘l:mr_ﬂ,
Enhﬁru‘.a, P:rfmm!. and.

.!!.c:.\ri.t‘tj M

e To
¢« To
b To
¢« To
S‘heps in Data Desiﬂr\. g
1. Data Collection |
2. Data Analysis 24
3. Data Modeling —F¥
v
4. Data S{'.m:tu.rinﬁ =
\
5. Database Des.i.an =%
6. Volidation =
A
-

7. Implementotion

Create dotabase and implement
data access mechanisms

tuol data model

/ Data design and Architectural Pa’c’cern

Data De.si.ﬂn Activities

of database schema

of dota structures
data d..i.c.’ci.ona.rs
dota access methods
database se:.urit:.j

De&iaﬂ.

DLcuara.rn. Exo.rnpl.e. (L'I.bra.ri.l SLiStE.I"ﬂ.) :

MEMBER

00"

Relational Schema. EmmPLP. :

2. Architectural Patterns

An architectural Fatl:.c.rn. is "a

eneral, reusoble solution to ‘a  common

cc.c.u.rri.ns Probl.am i sof’c.wc.r'e. architecture. It Frwi.d.es o proven structure

for orsu.ni.zi.u.s the Sﬂs{:e.m.
Need for Architectural Patterns ;

- Provide

= TImy

COI'I’\.\‘Y\.OT\ Archi’t&d‘.urol Pn.l'.ter'r\s_:

reusable solutions to common

Probl.»ems .

mnln‘kain.nbi.l.lt&, scnla.bi.ut:.j and. flexl.bilﬂ'.ﬂ_
-+ HcJ.P i e_ffgc.{.ivg communication among d.eve.l.oPe.rs.
-  Reduce cles:'.sn risks and d.eveLoszr-.t. time .

Table Name Attributes

BOOK BookID (PK), Title, Author, Price

MEMBER MemberID (PK), Name, Address, Phone

ISSUES TssueID (PK), BookID (FK), MemberID (FK),
IssueDate, DueDate

|

No‘l:eg Good. data d.esian leads to e.fﬁ.c.ien‘l‘. data. sb::rq.se., fu.st retrieval.,
data i,n’cgﬂril::j and. easy maintenance o_f the s&stern..

Pattern Structure / Dimjmm Dc.st.rlpti.m ﬁtdvnr\h:ﬂe.s Use Cases
Sgstem is divided into | » Sepmti.ou of concerns | p o ;
1. Loyered layers. Each layer has + Easy maintenance e M
{n-tier) specific responsibility | | moan rity 0. ook
and communicates . Scal |Eu.t3
with ndﬂace.-\t lntywa.
i Clients request services | s Centralized data - Web syst
2. ient- the server. Server s E manage nt
Server Pfrr:r:e_t.;u rtcl,ugsL!. and D::: tﬂm Distributed
* secury vl
3. MVC Gentroller Separates application | * Separation of concerns |+ Web applications
(Model. View / \ into Model (data), * Easy testing * Deskbop
o e [ | | Gt Ccont lopment
Losi:.).
4. Microservces | [Service | [Sevice | [Service | | System is composed. of | o Independert deployment | « Large scale
small independent. . Stol.uhi.ul:s systems
é éj é services that * Fault isolation « Cloud based
communicate via. APLs. | = Technology flexibility applications
5. Pipe and g N Doka. (s Sheoughh [ise Rbwenculy + Compilers
x I e
Each filter performs + Suitable for batch syjstems
a sFer.a._fm task. che.ssinﬂ

Con.c.lusionz Data dulgn ensures thot dote is wzu—crgnnizr_d and. efficient to use,
while architectural Foﬂ;arns Prwi.d.e. structured. and proven solutions for bui.ld.i.n.ﬂ

scalable, mointainable and _fl.exi.hLz scfl:wa.re systems.




. User Interface Design, : Golden Rules

User In‘l'.erfa,c.e. (UI) d.esi.sn. is the process qf d.e.slsnlns the Llook , fee.l, arl and interactions o_f a sof{'.wo.re.
a.PPLi.ca.'l'.i.on, Good UL makes the sﬂste.m easy to learn, e.ffi.c.i.e.n.{'. to use and PLe.a.sn,r\.{'. to experience .

Golden Rules of User In{:e.rfa.c.e. Desiﬁn

No.

Golden Rule

Expl.a.na.{'.i.on

EXG.MPLE. 1

-

10.

Strive for Consi.si‘.e.ncu

Enable Fraq_u.en.l: Users to
Use Shortcuts

Offer Informml: ive Feedback

Desisn Di.o.l.o&s to Yield

C LOSLI.\"?.

Prevent Errors

Permit Ea.sd Reversal
of Actions

SuPPnrh Tnternal Locus
ofy Eonbrel

Reduce Short-Term Memrﬂ
Load

Ke.e.P it Sim‘r-: le

Be VLsu.nu:j Attractive

e Similar actions should look and behave in the same way *.hraushau.d‘.
the a.PFLicaii.on.

¢ Provide shortcuts for fre.q'u.e.n{'. users to sPeeds up interaction .

o ALwaUs ke.e.P users mformed. about what is kappemnﬂ l;hro:...ah
a.P]:ro'Prf.n.‘l:.e. feed.bw;k.

® Structure d.i.nloss so that users know when a task is c.omFl.e.{:ed.
Successj'u!la.

L] De.'.f.sn. the sas{'.e.m. to Pravenﬂ'. Problam.s Jcmm oc.c.urri.nﬂ in the
fi.rs‘l:. 'lnla.f.a

¢ Allow users to undo or redo actions e.a.sil:j,

o Users should fe.e.l. in control o_f the s&sfem, not the other woy
around. .

® Minimize the amount af Lnformﬂon users need to remember

between interactions .

e Avoid unnecessary comF-Lexi.{'.s. Focus on what is essential .

e Use appropriate  colors , fonts, spacing and Lu.‘ljou{'.s to create o
Fl.r.a.san.t and enﬂoﬂma e.x]:e.ri.e.nc.e.,

® Same icons, colors and menu PLacemn{'.s used. across

e Ctrl + S to save, Ctrl + Z to undo.

e Show progress bars, success messages , or alerts.

. A_fﬁe.r subwﬁ'ctlns a farm, shots "Re.ai.stmﬁon Succnssful”

TTIJ&SSO.SE. 5

o Disable “Submit” button wuntil req'uir\e.i fieu.s are
fi.LLed..

® Provide “ Undo”, “Back” or “Cancel” a?ﬁcm.s_
e Allow users to mvlﬁa.te. free.LH ond make choices.

¢ Use menus, labels and reminders instead o:f nski.nﬁ

users to remember everﬂ‘i’.hi.na E

¢ Avoid clutter, use clear La)xaunae. and 5‘Emi,3h}cfomo.rd
n.a.vi.aaﬂor-..

e se sood. color contrast | readable j:onis and. balanced
[.aﬂou{:s .

* KE.I.’ Ta.ke.a.ma.u] .

A Sood. user i.nterfﬂ.c.a is not about makm.s it look be.a.u{:i.fl.u.L onfﬂ, but about mu.ki.nﬂ it t.l.se.fu[,,
usable and sa.'I:i.st'mﬂ for the wusers. Fou.owi.nﬂ these soLd.en. rules leads to e.ffu:l‘.ive. and usar-fri.endld 5o‘fﬁwa.re..




10.

11.

g In‘l:e,rface. De,si.qn S‘l:eps_.

Ide.nﬁfq Users and Goals

Analyze Tasks

Gather Re,ci_ui.re,me.n.]cs

Develop Design Concepts
T LW T

Desi.qn. the Inte.rfa.c.e_

Evaluate the Design

PY‘O{'.O{,L{PQ‘ JCL’LE- IT‘-.'EG.T‘:FG_C.E.

Test with Users

Re.:F ine the Design

Impl.e.me,rd'. ‘Ehe. In‘te.rfa.c.e.

Review and Maintain

—>

Understand who the usefs-are, what their Soals are
and what tasks they need to perform .

S{'.u.cl:j the tasks in detail. Id.en{:i,fj LnI:Jui‘.s, ou‘l‘.]:wl'.s :

sequences and. e.xc.e,]::’c,i.ons.

Collect all qunc,{'.i.om!. and. non- func{:i.om!. re,ciui.re.me.n{..s

related to the Ln{:e.rfa.c_e..

Create rou.sk ideas or sketches for the Ln’c.e.rfa.ce..
ExPLore di.ffe.re.n‘l; La.dowl'.s and na_vi.ﬂo.’c.i.on oF{:i.ons.

Desian screen La.:jou{:s ; menus , d.i.a.[.oas , buttons
forms and. messages .

Review the d.e,si,an with  Users and e.xPe.r{.s‘

Check fc:'r' u.sa.bi,l.i.{:d \ c.onsi.s{:e,ms and. e.ffec‘l‘.ive.n&ss.

Bulld a Proto‘l::j!:e. or mocku.P to simulate the Ln'l:er.fa.ca
and how users will interact with tt.

Let real wusers +“r3 the Ln{:e.rfa.c.e.. Observe their behavior
and collect Jcee.d.ba.c.k.

Improve. the Ln{:er‘fa.c.a based on fe.e.clba.c.k. and test results.

Make necessary c.hamﬂe.s.

DeveLoF the JCLn.a.L Ln’c,e.rfa.ce, u,er'-.S a.PProPrLa.‘l'.e, tools
ond. 'l:e.c.hrwl.oai.e.s :

AJC{'.e.r tmplementation ,  review the Ln’ce,rfa.ce. Pe.ri.od.i.ca.llﬂ
and make uPcla.{'.e.s to meet cha.nsi.na user needs .
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. Overview o:f Sjs{:e,m Models

i
1. Tntroduction. :
, - 4. Tﬂ]:ne.s (Views) cf System Models 5. Data Model
A sas’c.em model is an abstract representation ‘ s ReFrese. nts dota structure, data relationships,
o:f a stis’cem. Tt hd.Fs us understond , u.nalﬂze., 17 Context Model (External View) corstrainte: and ope'm.ﬁcﬁ.s e AL
ci.esi.an. and. communicate the structure, - Shows the system as a whole and its
l::e,hcw'm R g Df & sas’c.em ) TELO:':.LOI’LS'I‘LLP with external entities. i 1 M | Foiae
2
2. Purpose of System Models : System
A = Dobibiase 6. Functional Model
- To visualize the s.ﬂs’t.e.m. — Shows the fun.c.‘l'.i.ons or irmsformﬁm’\.s
> To specify the structure and behavior. 2. Tkerckion Medel pecformmad. by fhe fayeten.
. Shews how objects or components interact
lexity . d fene
24T mﬂ.ﬁe. it el with. each other. InPu.i Process Outpu‘i‘.
- To H&LP in  communication among
Object A Object B Object C
stakeholders . J!:' J"Ic J"f' :
; =i ; 7 | ObJec.t Model
- To sui.d.e. s:.‘isjce.m dﬁi’ﬂn ! d.»e.ve.LoFmrd:, 1 : > — Deseribes the objec‘t.s in the s:js{'.em , their
testing and. maintenance . & 1' : aottributes , operotions and relationships.
1 | 1
OBk Account
3 W oleristics of Good System Models : i chaglioge Ll Sl ~alle
> - — Shows the static structure of '}.h& 555tzm. - = halanes
1. Simplicity i Easy to understand. classes, objects, data and their relationships. + depesit()
2. Completeness : Covers all important aspects. Order + withdraw()
3. Consi.sh'.ru;:j : Neo comei.c‘Ei.nS Lnformﬁan_ | |
4, Act:ura.:.:j 1 Correcu.pj represents the 555|'.em._ Cusbomer Ttem Poﬂmnt 5. Conclusion -
5. Abstraction : Shows essentiol details, hides S:Js{.e.m models Frwid.& d.i.ffaren‘i‘. Pe.rs.Pec{'.i.ve.s
unnecessary ones. 4. Behavioral Model (D:lrw.mic Model) O‘f a SHSJW-M. USLY‘.S these models, we can
6. Modularity : Divides system inte manageable > Shows how the system behaves over time. better understand the 535'!33""' , reduce COMPL@"CL{'-& )
parts. TIncludes states, activities and events. improve communication and build I"iﬂh QrMLi-“'-:j
SHSte.ms.
% Note :

No si./n.ﬂLe. model is comPLe‘te. ]:15 L’c.se.LJC. A combination of d.i.ffe.re.rd:. models Bi.ves o  better und.e.rsiundin.s
of the 535'&.&1-&.




UML (Ur\.i.‘f{.e.d. Mad.e.[.i.na Ln.n.suo.ﬂe) is a
standard _ visual Lo.nﬁuuﬂe, used to
d.esi.sn ;. visuolize , construct and
document - the sof’cware. saste.ms.

1. Use Case D'La.ﬂm.m

¢ Shows the ‘funcii.oml. re.(iui.re.mn{'.s
o:f the 555Jcem.
o Tt

}DEJC.I.A}E'.EI"L O.C*.O’l" 5

'y

Actor

interaction

repre.sm‘ts 'tl"l.&

cm.d. use cases.

LLbro.-r‘tl SHStP.I"ﬂ.

N
Tl

UML Diagrams

2. Class Di.o.ﬁm.m

¢ Shows  the stotic structure of the sSStem..

o Tt represents closses , their attributes,
oFe.roiLon.s and re.Lo.‘l:i.onshLFs.
Stuclen'l'. i M COE.M'SE
- rollNo : int T - courseld : int
-nm:S‘h'rinﬁ : -’c.i.’c,lg:stri.na
|
+ adtDeioiLs{) i + 3e|:Ir\fo(}
+ ﬂthn.rks(} :
|
W
Enrollment
- date : Date
+ re.al.ster()
+ cancel()

3¢ Se,q'ue,nce, Di.aﬂ ram

Shows the interoction between obje.c{'.s
sequence .

It reFrese.n’c.s the order of messages
exc.ha,nse,d. between obje.c.’t.s.

in a time

:User : System :Database
T | I
1 g | |
1 4. legin() o |
2. validate() |

3. result

4. display() |
T ] |

4, Ac{'.Lvi’c.q Di.o.qro.m
s Shows the JcLaw Of activities or control ‘ftuw

in a process .

. ch. re.Pr‘e..se.nts the wwkfl.ow fmm one
o.cti.vi.id to another.

. State Machine Di,o.ﬂra.m.

Shows  the d.i.ﬁe.r-en'; states of an cbjec.’(, and.
the transitions between stotes.
It 'r‘e;]:rase.n{s the behovior of an obj ect in

response to events.

tart inish
Tdle 2 Pmssi.nﬁ f O
|
A

error

reset

ET‘I"Dr‘

b

Collaboration Di.a.qra.m

Shows the interaction between ahjed’.s and
their Llinks.

It zmphn.si.zas the orsmi.zai‘.ion of obje.c.’cs
rather than time sequence .
: Lpsm.()
cl::j : User < = obj :Sﬂs‘:.e.rn
4: result()
3;:1&4(;\ /Z:Valdnia' @)
obj : Database

* Note f

These. UML d.t.a.ﬂra.m.s work ioazt'ne.r to Pravi.d.e. a c.omPLe.’(.e. view af the s}js{'.e.m _-from. d.Lffare.n‘L
Fe.rsl:vec.ti.ve.s. The.ﬂ He.LP in better a.mx.l.ﬂsi.s ; dzsi.an and. communication .




rTe.s‘l'.inS S'l'.ra.‘l'.esi.es . A S{:ro.{'.esi,c, Approac.h to So_-f’cware. Te.sﬂns_.

1. Tntroduction :

So‘f{'.wa.re. De.ve,LoPme.n{: Life
s a hiﬁh-l.evel. Flcm.

in the

is an E.mPor{'.o.rLJ(. activit

A %.asii.ns s{'.m.{:e,ﬁﬂ
that d.e.fin.e.s the a.PProax.]"q.,
resources and schedule o:f ‘I:e.s{',i.nﬂ
activities. It helps in e.n.su.rf.nﬁ {,LU.O.LI-"'.S
sa'ff:.wa.re. bﬂ lrie.n{‘,ifﬂinﬂ cl.efe.r.‘ts. e.o.r[tl
and. re,ciut,inﬂ risks .

obj ectives,

2 Obje.c.’t.[.ve.s o_f Tesfi.nﬂ S{ro.{qqu.{ -~
o To ensure the 1“““*3 oJC .Saf{wu.re..

e To minimize defects and risks.

e To ensure e.a.rlﬂ detection a‘f d.afer.is.
¢« To apﬂ.ma'.ze. time, cost and resources.

s TJo increase ~customer su.’ci.sfa.c.ﬂon,

Key Elements of Testing Strateqy :
Scol:w. of Tesﬂng

Test Objed;a'.ve.s

Test APProm:.k

Test Levels

Tﬂpﬂs qf TES&L

es

EnVLrOnme.
Test Tools
En‘f:rs and Exit Criteria
Resources and. ResPonsi.BiutLes
Schedule and Estimation
Risk M
Metrics

ement,

Re.Por'l:l'.rl.S'

¢u¢w+u¢¢¢ W

Cycle (SDLC).

4.

Levels o_f Te.s{:-f.n.j :

14

~ Tests individual units or

co HLPO MF‘I.'ES 3

In{:eﬂra.ﬂon Te,sﬁnﬂ ~ Tests the inferfm

Unit Te.s{'.l.ns

between E.n.’c.e.sraie.cj. units .
; Sﬂs&m Te..stinﬂ — Tests the t:ampl.e,{‘,e s:jsi:,em

as per re.ctuire.me.nfs ]

Amp’c.cmce Tes‘{:inﬂ - Validates the slljs.{e.m

If‘l‘n-l'l"l. U-SE-'I".S PE'I'SPE.C.‘E.VE.,

T:l.lPe.S o_-F Te.s’cf.n‘q:

Fun:.ﬂomi. Te.sﬁng .
Non-Fmﬂonol Te.s’a.nﬂ L4

Compniibiuﬁ:j Te.sﬂr-ﬁ
R&ﬁre.ss;.nn Te.sﬂnﬂ

L) Pe.rfarmnce, Tas’w\s L Smoke. Te.sﬂng

. Se.a.l.ri.{‘.'zj Te.sh.nﬂ . So.mftl Te.sﬂnﬂ

. Usabi.[j.{'ﬂ Tesﬁ.ng . Re.c.over-‘{j- Tesﬂnﬂ

6. Test Approach :

The test n.PPmac.h de.fi.ne.s the methods and ’cechu%w:.s
used. for 'l'.ul‘.l.ns It may include :

1. Black Box Te.sﬁnﬁ - Focuses on fum{wmhfg

2. White Box Te.sﬂnﬂ — Focuses on internal code

3.

.s{.rw;ﬁure, ]

Greﬂ Box Te.sﬂnﬂ —~  Combination of both .

(&

Te.s.{',i.nﬂ S{rafzﬂq Process :

8.

Re.q_ui.re,mn{. An.alﬂsi,s £
v

Idenff.‘fd Test Ob‘je.c.ﬂve.s

v

Analﬂze. Risks

v

Des.iﬂn Test Sfraﬁesﬂ

Plan and Allocate Resources
v
Execute Te,si'.[.nﬂ J

Evaluate and Report

)

ImProve. and Rei;-eai:

Be.ne.fi. s of a Good Tesﬁqq Stra.fe-qt{ :

Provides clear direction to the 'tesﬁ,nﬂ team.
Ensures e_{fecﬂvz use of resources .

He.]..Ps n e.a.rlg d.efu‘l: detection .

Improvas Prac’.uc.f %autﬂ and r-e.[.ia.]:nim:j,

. Increases customer c.onf-.d.em and sa.{:i.sfa.cﬂon.

Note : A

3 OOI:L ‘tﬁsﬁhﬂ

.=,£ra.{e.3 y

deliver hi.sln. qruali.ﬁt' sof{wart within time and bud.ﬂef,

is  the ‘found.a.’c.ion o‘f su.c.c.e.ssful {'.esfmg It he.l.P.s orsmiza.{’.ion.s




1.

Test' Strategies for Conventional Software

Introduction :

Conventional sof‘l'.wa.re. Ls clz.ve.l.o]:e.cl usi.nﬂ

traditional Proa*mmmlnﬁ Jt.e.c.hni.q'u.es and.

ollows well-defined requirements. Testi
9 s

s’c.r-aie.ai.e.s for such sof']:wa.re aim to ensure

clrua.l.i.{'.‘tj . rel.i.abi.u.t:j 1 Pe.r_furma.me. and user

sat i.sfa.c.{: Lon .

2

Obie.c:{‘.ive.s cf Test S‘l‘.ra.‘te.q'l.e.s

To fi.rul defects os e.a..rl.:j as Pcss?.bLe..

To ensure that the sof{wo,re meets the
sPec'u.f'Le.d. rec"ui.re.mu\i.s :

To improve s:;ff.wore qmli.’c:d and reli,o.bi,l.iiﬂ.
To reduce d.eve.[o':lme.n’r. and maintenance costs.
To deliver o use.r—fri.enALH and buﬂ ~free
Prod.u.c,{'..

Ke.q Test Siraieqi.e.s :

1)
(2)
(3)
()
(5)

X BME.GL on thﬂ-
re.c;ui.re.me.n{'.s and. sFe.c.f.Jti.co.ﬁons.

Risk-Based Te.s‘{'.?.nﬂ : Focus on the hlah-ri..sk
areas ond critical fumb.ona.l.d‘.l.e,s
De.fe.:‘k*Ba.se,d Te.s‘l:.i.ns : Based on Pa.s’t. dz.fer_{s
to Frevenl‘. similar &.afacfs.

Prlori.{’.ﬂrBa.se.J. Te.s‘ti.nﬂ : Focus on i.mporjca.n{‘.
modules or fea.‘!:n.u.res. fi.rs{:,

Chcm.ae.-ﬁa.se.i Te.sfinﬂz Af’t.e-r any c.ha.nﬂe.

Re.ctui.re.me.nf -Based Te,sﬂna

in req_ulremen{:s or code.

4, que.s of Te,sﬁnc[ Stra‘teq&es :

1. “Unit Te.s{‘.i.n.ﬂ
78 Inte.sm.ﬂ.on Te,s‘l'.imﬂ
3. Sﬁste.m. Te.s{'.i.nﬁ

4. Ac.c.e.F{‘.a.rm Tes’c.inﬂ

5. Re&mssi,on Te.sti.n.s

6. Pe.rformnc.e. Test'm.ﬁ
7. Se.c.u.ri."'.a Te,s’c.i.nﬂ

3. Usab?iiiﬂ Te.sﬂns

-

Tests individual units or

comPonf.nts,

Tests interaction ‘between
inﬁesroie.d. units .

Tests the complete system

as per rec['ui.re.mnts.

Va.].u:'.a.tﬁs 'H’\L 5of{mare.

fram user’s po?.n‘l‘, of view .

Ensures that e.xi..s{'.f.nﬁ
func.f.i.ons work. a.f‘l‘.e.r
chanﬂes.

Checks speui , load ,
stress and sc.o.l.a.bi,l.i.{:ﬂ >
Ensures Pv‘o{:ecﬂan of
data and
Checks ease qf use and.

user i.n.{'.enfa.c.e. ;

TESOUYCES |

5. Test Levels and S’c.ra.{'.e.qie.s :

. Jest

Techniques Used. :

Black Box Te.stu-ﬁ
White Box Te.sﬁns

G'I"E.‘d

Box Te,sfm.s

Bcun&arﬂ Value AmLﬂsLs
Equivalence Partli'.Loninﬂ
Decision Table Tesﬁnﬂ
State Transition Te.sﬁnﬂ
Cause - Effect G'l'apl'iinﬁ

. Ge.ne.ral TE.S'I: Sfm.{eqq P!"OC.E.SS:

Test Level

Test Strategy

Unit Tes‘l'.i.-n.ﬂ

White Box, Code coverage, Boundary value

Iniesro.’ci.on. Tes’(.hma

TaP =Down., Bottom- UP , Sandwich

S-ds{,e,m Tes‘l:inﬂ

Black Box, Functional, Performance,
Secu.rii:l L Usa.l:bi.l.i.’l’.ﬂ

Acczp{:o.nce Te.sﬁn.ﬂ

Al.th. Tesi'.u'.nﬂ
Acczp’cumoe TesthS (UAT)

; User

, Beta Te.sﬁnﬂ

i

. Understand Require.rwd‘.s

v

f Iclenﬁfa Test Ol:jec’civu

 Select Test Strategy

. Plan and De.si.ﬂn. Tests

¥

PrePnre Test Environment

v

Exe.c.t.d'.& TE..‘.'\JCE

v

: Log Defe;ts and Repor{

Re-test and Ve.ri:fﬂ Fixes

EVO.LU.O.{E. D.-ﬂ.d. IM'PT‘OUE.

8. Conclusion :

A we.i.l.-PLcmned. test s‘l',ra.i:eal.j is essential for the success of conwentional 5ofi:mo.re. Proje.c‘ts.

Tt ensures the &.e.[[.ve.rtl of Mﬂk—q_ua.l.iizj .sof'f.ma.re. within time ‘and bu.&.ﬂe,‘h.




? Black-Box and White-Box Tes{'.i.qj_.

Two fund.ame.n‘l:ol o.PFroa.che.s to so‘ftwo.re. {'.e..sﬂnﬁ.

1. BLACK-BOX TESTING

Black-box ‘EesJLi.nﬂ is a ‘Eechn.i.clue. cf ’Ce.sﬁnﬂ the fwmc‘l:ioml.iiﬂ
of an a.PPl.i,c.u.ﬁ.orL without knowi.nﬂ its intermal code or

Tester focu:.e.s on i.nPLd'. and. cu’t,]:u{'..
Ke:j Points :

s Tests the external func.{ioﬁn.l.i.tﬂ of the system.. i Kwuae:
e No knowledge of internal code, design or structure is required. : of :'
I 1

Stfu.t.'h ure .

o Focuses on what the sas’tm does . Internals
e Also called Behavioral or Functional ‘l'.asii.nﬁ_ (
Characteristics :
e Based on re.ctuire.me.n'lzs and. sPeci:fica,{:lons. Sﬂsﬁm

A Output
o Test cases are derived from. wser Fe.'rsFed:i.vt. LLP;’ (Bb"'k Box) —>

QK] I I5Poming language.
* Helps to validate the system against business requirements.
T&Cshﬂlq‘uﬁs Usa&{ H

Eﬁui.vnlence. Pu.r{i.'Li.onLns, Bou.n.d.arﬁ Value Armlﬂsis !

Decision. Table Tf.sﬁnﬁ, State Transition Te.sfi.nﬂ .

Use Case Tes‘f’.i.nﬂ ) ExPLnro.{'.ora Te.s{'.i.nﬂ , ete.

A&van%a_.ges : Di.sad.vm{:o.ﬁes :

® Si.mFlg to understand and execute. e Limited to ﬁmﬁionnli.‘l‘.ﬂ.

e Can be done wlﬁ in SDLC. ® Cannot test internal code, structure
e Tester and de.vd.o-Fq.r can work in Fa.ml.l.ei. or hidden paths.

o Validates system from user’s perspective . o Less effective in f‘.,m-j_u-,_s internal
Exﬂﬁles : EET
. Tes{i.nﬁ Lnﬂ""' with valid/invalid ecredentials.

s Tes’ti.nﬂ msi.sira.l:i.on fo'rm, search fmc’cbomli.fﬂ,

. Tes{i.nﬂ the sas{un. as per user requi.umrd’.s,

2. WHITE-BOX\ " TESTING

White - box {esﬂznﬁ is @ 'I:e,ci-uthue. of 'I:esﬁnﬂ the internal code,
Losi.c. and  structure af an u.FPl,i,c.q ion.. Tester has fu.LL kn.owLadﬂe.
GJC the code.

Keg Points :
o Tests the internal structure and l.oﬂi:. af the stlsfc.rrl..

' Knowled |

L) Rﬂq_uil’l.’- icnowlgdﬂe. c‘f Prnaﬂ:.rru-mna wa.suaﬂg and code . i ,_,j :

® Focuses on how the 555{2"1. does it. L I“M_.l

e Also called Structural, Glass-box or Clear-bex {.e.s‘{‘.l.n.s

Charocteristics : 555*"'"" n
(White Box)

o Based on code structure, LaaLc, and. d.csi.ﬁn.
o Test cases are derived frum. the internal code.
Can test all Pa.ths, LooPs and. branches.

Input
= o T

Output

HelFs to fm&. hidden errors and improve code cl_u,nliia.

Tachniq_u.e.s Used «:

Statement Ccue.ra.ﬂe. , Branch Cnve.ro.se , Path Cove.rnﬂe. -
Condition Cove.ruﬂa, LaoP Tasﬂnﬂ, Data. Flow TesELNﬂ,
Control Flow Tesﬂnﬂ , etc.

ﬂd.van{c_mﬂes :

. Hi.sh test mv&Mﬂz and. ‘Hﬂm‘oush +.¢5‘|'.U\3
¢ Finds hidden errors and sec.ur{{:u o Time :.;m.summ5 and. c,osl;l.ﬂ.

° He.lps to 'Lm.!::rove. code ‘I,""“'L"{ﬂ e Cannot be done e,u.rlﬂ in SDLC.
. Ej‘:ff.c.l;?.ve :fo-r cnmpiz.: Lnsi..:. and calculations. | o Not j:gq_si,bl,g. _fqr La.rse sas’oe.m.s.
ExamEl.e.s E

L] Testbns internal Loai.c of i.‘f—e{,se.. Loo?s, conditions.

° Tasf'ms individual fun.chans , methods and closses.

L] C|'\.e.c.k|.r\.3 code coverage , Pui’h.s and. branches.

Disadvantages :
L quru.i.res Fr'oarn.mmmﬂ krmwl.e.clse._

issues .

Conclusion :

Black - box 'Le.s{'.l.nﬂ ensures that the sﬂste.m. works as per re.quire.me.n.‘}.s, while White - box {'.e.sl:i.nﬂ ensures
that the system works corvectly from the inside. Both are complementary and essential  for” quality software.




Sgsfem

't':e.sft'ng

i —System Tesi:ing G L

is —a level of software fesffn_g in> which -

_“the complete and .fnfe_grated software (s +tested as a whole.

The main obje.c._f:ive, is. to evaluate the 55stem’_s compliance @

with  the sPecEF:'ed requirements. (
e To test the complefe. fni:egrate.d sgstem.

gl Objec.tive. :

34 Perférmed bﬂ_:

4, EntrH_Crfte.rfa.:

5. IHP‘?"S of 535tem Testin&:

e To verh‘:b,- whether the system meets the specified

reczuz’raments s

e To identf{fg defects in the sgs-[;em.
e To ensure the .5351&&#: is _rea.dg for deliverg to the user.
L e Tt <includes 'Eestfng of the entire S&,‘sfem z'nc.iud_fng all 4
. _modules , .interfaces, databases, and . external systems.
e Both  functional and non - functional reguirements are
“validated . N\ — A N\
Indep_e.ndent Testers / QA Team -
o All Inte.grah'on -&e,sting IS compiefed. &
e The 5357':em is stable and re.ady for .53.si:em testing .

@ Compatibility Testin
P o g

6.4 Outcome. :

(1) Functional Testing
(2) Performance Testing
@ Security Testing
@ Usabfl:'{:g Testing

o Tt P.rovi_des confidence that the. sgste.m meets the
reczu_ireme.nf_s and is readg for depiqgmen_f.
e It helps in Edenﬁ:’?gs‘ng any remaining defects before release.

@ Re.coverg Testing
@ Installation Testing

Reliab:'l:'fj Tesf;'n3

business



’ " The Art of Debu&g SREC |

Deb“ﬁﬁmf is fhe proc:ess of fmdmg, analyzing - and removmg _errors & @/

(bugs) rom a program. .so that it works as ~expected . N AN

€ Whg Debuqqmq is Impor'bant &7 = : —& =

. Even small errors can cause program failure .

o Tt s_mproves program re[m.btl:fg and performance. - s S R
. Heips in delivering czua.id:g software. _ | e ¥

* Saves time and cost in the long run. ] W = ) = o sl

% Common Types of Errors (Buqs) — - BPFE

€D) 53m’:a.x Errors — Violations of programming language rules. M .
= @ Logical Errors = ’Faulty logic ,program runs but gives wrong output. Y / U

@) Runtime Errors ~ = Occur during - program. execufi.an_ﬁe.%,_divida_ _53_ zero). ——— ey

&), Semantic Errors = Meaning | of . code is incorrect. ~ - — ] ' - U

% _Debuqqmq Process / Steps : .__JPN \. &’ Gglden Rtfz'e T

@ Reproduce the Error :—_ Run fhe. program and make '(:he, error occur. “Eix the coMee, _
@ Idem‘::fg the Error — lLocate the line or Pa_rt causing 1 'Hle Probiem b ek Ll
) 4 @ Anaiyze “the lErrox. == = = Under.sfand why the error (s _o_c_c_{._:._::r:ng 4 RgCS jids - &
(&) Fix the Error _— Correct ‘tnel code. j Sympfom. =
(B) Test the Fix — Run the program again to check. :
@) Prevent Future Errors = Improve code and add checks to avoid similar bugs. .
% Debugging Technigues /oidools : =
o Print Statements ( Tracing) * Logging . e
® Debugge_r (\S‘{.'EP bg .Sf:ep EX&CMf;‘on) e (Unit TE.S‘&EH‘? g e .
e Breakpoints 4 . _ * Rubber Duck Debugging (Explain the N
r @ || - Gode Review / Peer Review e ___“problem to a rubber du.ck_" )

Debugging _is not .just about fmdmg @etrors), (£ Yis aboutr NG |

_ik_ Conclusion :
understandcn3 the . problem deeply and writing.. be.ttar error-free code. ./




