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The application of a systemic, disciplined, quantifiable approach to the
development, operation, and maintenance of software and the study of
these approaches. [IEE93]
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Jalyo 6392 A nillg aldihll o Jowd aill amg :Quality -1
ol aiiall yghi

aldlpyl o adaya loilg adipa duuyl na@g :Process Framework -2
l] loia Jniw l@dguhi aie Liil Los ol aiioll ] Jadl

gropll pghill allhlai Aaiil deiioll (all Joui :Methods I -3
tools plaaiwl gl Lod jueo tools all alini l@Agaii o jAaiilg
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7 N
| echnology slilhg )
:J1a Layers
nghill Al Joudi L-Ji way 6agall ddad . ldglei  aill aldgnll

Gl go dcgaro (ll alini yghill dllbiig Lailgalg lad)ag
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:Process Models (Process Framework)

Jropll atioll pghi Joc hpai aill alilplg Guall o dcgoro
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aigai ggai gl gheall o Ja Syraop aiio (al aliiy laoyacil i
¢ Process Model 1o}

awi JYU (nd)i ain Process Al ad L@ydlgi aalgll hguill aale _
S naop nghi Yl 23goid Lachil jS0ig Process Model

J3 duar daljo ] giropll Jeell pghaly plall Jaoll pwdi alild
ligala gl cuar ggay dndi Milestone gl Checkpoint _icai dlajo

dan lail go Liasli il 6pall aajoll (] ggapl! graiwi dl4dio
cgpuoll galall Outputdl JAA (1o of) Quality Check danall jLiiklg
Work Product _1lajo afiol Milestonell aic afioll nouyg , 2ol
.aivopl nowi il Productdl ga@ AVl dlayoll na jgug

afioll jgay Lﬂl Work Tasks dilajo dloaio 6ael aling 1lajo aiio J4g
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Work Tasks , Work Product , Quality Check , Milestone
6jgauitall aloill J4 co antaoi i) Model a3gai jgad ndp gl (bay
aigaig Waterfall Model J\idl aigai 4 dopll Glaiiall yghil
...Spiral Model wlglll

ulillig aiio J4I 631go 6aalg Process model aagy Y ail aiiiwig
pgdiug aliioll eyl cuun ar dnlA Process model al aiio (J4

log ddiludl lagpall pavyle (Gihii Jag Process Models 6a¢c duljag
| .Process Model (J4 6aila
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:Software Enqineerind (o cdaall

Juleall Jan product 11 13al Jangll g1l gaopll atioll yghi ga
pidlaoll Guhi Gub ge (...Jgdoll joull-6xgall -gojll) diglhholl
ol aiiall pght d dnlall auuaiall

. allill hhaoll gon Software Engineering ! Juiai aij-

. Tools |
; !

Methods

Process Model
. \ Process

Umbrella Activity / Framework i

Quality

ladual vic oai aill alilpll ad@:Process Framework I g
Jropll alioll Jgagll




(u_a«_a.ILg

Uol_-\JI gggo_ul J1ag (Framework Actwntles) Process Model-1
lifaai (nillg (naopll Afioll pghi dilac (nd (Golill dloaell)
Adibuldl 6palaell a4 aic

Al (a1len) dhlay dnnio dlodo dcgaao :Umbrella Activities-2 |

Framework Activities

T —————— e

Software process

Process framework

Umbrella activities

framework activity # 1

software engineering action #1.1
work tosks
Joisk sets | |/ worpeotieck

qudl!y::wmmpom

softwore engineering action #1 k

work lasks

: | work products
Task sels h
project milesiones

framework activity # n
soltware engineering oction #n. |

work fasks

work products
Task ses B T
project milestonas

softwure engineering action #n.m

work fosks

Tokk shis work products ]
quality asserancs points
project milesiones

Software Process Framework - Figure 2.1 — Page 32 (SE — Practitioner Approach 7" Edition)



:Umbrella Activities

Al Jooll pu gaidi aill plaell go dcgaro e Gjlic (ndg
adgll gong elhal ggag prlw J4iiy opll gilall pghi
.Juial 6)glhiig aaaoll

Umbrella Activities 1l u dalall Activities Il oy carini Liido)q
g5 (aiioll yghi dlog) ddilc lal yul (nillg)

- Software project management 6jla\l

- Formal technical reviews _najla jano Jud go jyldill dealjo

_ Software quality assurance 6agall alc aSlill

- Software configuration management dropll dalac\l 6)lal
- Work product preparation and production. ailaillg ailaul gaail
- Reusability management. plaatwyl 6alc] 6jla] |

- Measurement. Jaopll pghill nda padill yulidg 6jl3]

- Risk management. 6jglill 6)la]

111S Umbrella Activitiesll laioi gl J80y  aill dylonll  adlo _
dloo) ddMc lal (ud Umbrella Activities (ﬂ 0gi] L‘JT | E‘u__l_u_
Jropll aiioll yghi

Jc (Quality Assurance) Umbrella Activityll caliai & 13]
¢ Quality check I




atioll doMu (o 251l dylac J1@ quality checkdl dyloc gV poi
ausd gl Gy Jud go dlig anulusl i (lajalhrao
JalAdil pa d Quality Assurance JAA (1o Umbrella Activityl Lol

&ylac e glAiuo M8 aliall doalio AR "lolai ualis
2291 o ughill Jaoig pghill

:Milestones
,Process Frameworkll na jaill dlaag yaer e daali caqu (jul
Il eloi jaig Umbrella Activities g Process Model (jo callii Jull
Work Product lalic aiij Milestones dac (jo callii Process Modell
.aaliiy work tasks I (Jo dcganol aling alayo dladio
‘lavayei il Milestonesll _na loa
Planning, Analysis, Implantation, Testing, Design, Optimization...
etc.
J4] Modelsl clay na T.JJJ_G_I A2l gii milestones]l oA (_Ji A
More Abstract |A.IJ_‘3.I_}_15| T_CLUOgJ Al gl Lii4oy TAI dalito plaay
' Lal
- Software Specification ( Planning + Analysis + Design )
- Software Development ( Analysis + Design + Implementation )
- Software Validation ( Testing )

- Software Evolution ( Improvement ) |
(Introduction to SWE slide 9)



:(milestones) Ul (sjal fai adag) sl dlaungi aagig
- Communication and planning latlaAillg Julgill
- Software modelling d2iaill
- Code generation ddiLudll Cl.lJ_}.QJI ailai o Lallhil g4l aylgi
- Testing and quality assurance 1iioll djjlaa o ALl

(Introduction to SWE slides 10 + 11)

Gilpno il &waid gsaliog Guuwl cliil (po 6adlall
Software Engineering Benefits:
: Reducing Costs cayll&ill (o Japaaill-

oLl (o agano aaer Jooll) cagll4ill gaasi Ll Lgai aimall go
632 ule Jigiw clliy galg (...lachil pacg ol dlghAll pagi
paii Loxic il gl gégioll Jailly aoug adigui aiy ol llillg piioll
utle g4lg ALyl ypuaniy piilio e Jadiy pgdiur Ayl ayaas
63gallg yjpw adgll gl bali guwl odd@ Guhai cog aiaull saoll

alg ggull nle (@ilpall @aldi) caglSill gaaAit loiy Lyl slajiw

gl guunill ] axiio aling 630 J5 (ad Jolilly aaa aiio wlhl jhsy
632 Liljo dalal




: Reducing Failure cllbAll ;1o Juldill-
aiioll plAi adei (o A guwll 0dd Gulni gl go acll nle
u4lgil 63aeio alildoly ginii gi way dahilll oda gl V] (iaopll
odd Guhi aie allilbg aliopll plle nd Juulall cuall jghill

cllhAall o aall pipw Guwlll

dwaid salog olaAiwl gga polip dilis Lot Jaudl (jo

nd guwll odd padiwi ¥ aAldpidl go yaell gl lod , alyaopll
aydgig Jalg 20lé Jisl ggdiw Ql4pill oda dlatio (allillig LAilaiio
| célgll oyl ale ggsi ol wa lao

A increased failure
rate due to side effects

Failure
rate

actual curve

idealized curve

e
Time

: aopll alioll LAy gioly gl aqy aill (Gllhioll) dlanll




araihg e dldhio na @i il dldkaioll groa

o i Ligle way @yl gog Liif af Non-Functional Requirements
: @ Jdllhioll 03a g Lo 1oy aiiol pghai dloc J4 J1d Ll@dda;

(diluall alild) Maintainability >
a9y loya aliagi (o liiSai ddjyhay widy gl way gaop aiio
ahld gl go eeyll nleg, gibjll spsiall Oldhioll cuua ellig
lhio ail Y] 1xa yuluag pdo jol aa oy aiio 1l diluall
| BSpsioll Jooll &iy 1a "laas aio jao N 1ain
(Lol g d@ialaic)l) Dependability and security >
reliability, security and _n1a@g dlanll (jo Aol Jowd dinloic)ll
anlo Jlpall awuiy ¥ gl adey (ueo aiio (alc Lialoicld safety
@] go (oriiuall giayg ,alilia &lla aa dping dlaidlg
| a al
:(6claAll) Efficiency »
gl ey ol qiiall gi il 83gagall claall aaey Lol piy
pliaill @latwl gony gl way o cllballl go sac Jal gy
8jalall plaaiwlg cdgll dalleog
(Jgudll) Acceptability >
blail groa o dlgudo ggai gf dyaopll alaiioll gile wqy il
alilé gqai gl way lail aigy 13@g palall doonoll Juoririwall
dohill goaaell co ddalgiog plaaiwll g paall

ol Alaiioll clgil




Llod &opll Alaiiall Jo guaoi cllia dlal aa
:Generic products +
aanig aililliog atioll aiii il 1@ aaiioll @§uill gl al
.office Jio aiioll 1@ ullhy paatwall ily of alac &l
| :Customized products

.aloc alg aiioll alillaio Aaay o ga padiwoll gl al

:anopll Alaiiall go ¢lgil 8ac Lipal ggdy ells uale 2l g

:Stand-alone Applications (desktop applications) (1
aic M| Joor Vg padtwell aic agago Guhill 1aa gl al
ail glos ayqpallg dnulwll alylogll J1g21g awdi paifoll
.(just one user) aauully Jlail al] aling U

:Interactive transaction-based Applications (web applications) (2

l@olaatwly pgdi (Web Interface )uigll lc danalg lal jg4ay
(multi users) 2anioll Gipa (e

:Embedded control systems (3
virtual 1| Joa cuulg aiull gon pdai dohil e 6jlic @
gojll cagih jan Jaoi gl way Lail (al (ulalls machine
coffee machine, auto Jio (Action and Re-action) dydall

.pilot
:Batch processing systems (4

Jo cja ggiig alleoll cliglgl wiigi 14 dnnaio dokhil
' sl aalil

:Entertainment systems (5



Video Games 4 ailwill anniio dohil 1@

:Systems for modeling and simulation (6
wenll wgpall gl pladil sba guoi aill jgoll yagr ad
Jio [l (2o afio pghi diloo) olidll aenll o ladidai
o aliiioll 0@ dallenlg dcjgo dohil aliil gl Al agjai
6l yuai aill jgolUl cypai na liackwil l5laall yoly pghi
Sluwlall alio agag 8l41ao gl (Airplane Simulator) pinll
.(Cisco Packet Tracer) laha) co dlnioll dGlauullg

| :Data collection systems (7
10l Jio l@ialleog alilull Jinai khéd laicao dohil aa
.Data Base Management System (DBMS) g (agall (naadll

:Systems of Systems(8
applications I (o dcgoao lalAlay (1gai (pjr) dokil nd
.(word-power point-access...) arpai aic (g2 1Al office Jio

:Web-Based Applications
axii dlohaiallg AlSpil go yisllg Slaphill Yl dnio @ wgll
alaoll aolpllg alaiiall e Lage alaiiall o ggill 13@ pghi gai
gJau.Lu Juill Web Servicelli nowy lo p3d) Web Applicationlla

aliai haa i plai ol gog glse ol go l@ohitulg laul] Jgngl
(jiiVL JLailg Browser]




:Web Applicationl! Jldnigoll ol

- Software reuse:

Lnl Fast Delivery Time Juagill (na dcpu il Alaiioll oda (o piall

L,nl reusabilitydl Lijal cllilg (ja00 Qidg g}.u]i_! Guhill aling (gl
adilw alduhai na aaliil of lo plaiiwl éalc]

- Incremental and agile development:

.doald dlpalho (ad laic daaiiw

- Service-oriented systems:

.5}ji Web Services Laloadi Liniio 1d dload pladiwl j4o0)

- Rich interfaces:

.User Experience pariuoll dijqi

:aloull awaido algdilal
Jluwi] § aolyial piy 8] nddATl g cagp gluil dlglu griy gl oy
alac Jlao) déjino
ssalsall go dcgano goni) (aall ailal dglu gy gl qay
Jgildll afuwoi o sl Ladal ayaall
il Alspidlg oladll dungna pying gl agde way dungnall <
lago Joleiy
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Judy Vig anlniil sgiwo (e roiy Ul agle qay al :6clasll <
uglholl Jadll lajlail cale jaléd juc ail cayey il Jloclll

ouiladll lalle ggés ol aile any ol :dySall @8loll Ggéa <
pinill Ggda g clyiadl delp Jio apdall ajdlell aloal dcgiagall
woxiiwol] aydall aislall Ggda ailes gaay gl wau les

Jlao d ailjlaog ailjaéd padiuy Vi asle way ol pladiwll equ <
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Jaeul ailoillg dliolll yhgy co §palaoll oda 1d pigo gili]
aigoill all adapAi gl aay pgaxdo aagy ¢lld Jid (Jal processes
dadibwll dlpalaoll na aic Liiaai (nAll Generic Process Model plall
(Gl allabidl (olail) (Gaai gl Activities Flow 1l pgaldo gag
: ga1g ( Work Flow, Process Flow) LQJI JEN]G

ﬁhe manner in which the process elements are interrelated to one \

another. se-practitioner Approach 7" Edition p39.

Process dloall pnlic lay Jelaii aill adyhll gl augll ga al
A Ml olaiyl gﬁ]pT Jligo] gi ;Jaeul [mAao) ¢o Elements
\ JAl Milestone sil] Milestone (jo LJLCLUA.”)

nillg Process Models | (jo dcgoao (uipalao jlao gile jujaiw
:lodg (uhoi dai g)aii gl ghoy
:Agile Processes#=
Juillg Juaeill acai (al "adudi)" Processesll oia (jl nl
gl gy qua Sllhaiall 16 jaiual




:Plan-driven Processes+
llillig Lo dhnhAo Processes 0id ia jlghyl croa gl il

laulc @lnyg lal dhhiog diguwao ue pghi dlac (aly pgdi
:L@iog Traditional Process Models "Ly

:(JALal aAgoi ) Waterfall Process Model <

:allill Milestones Jl xgag lAnMi

dlyidillg Gedgioll dalallg gdgioll (pojll Ajaai :Planning e
.doxAiwoll

2ol Jall (@istall) aayell hghall gag ‘Analysis s
Adaill dllakhAaell owgg

(dadlaill) droronill dllakhioll cihg :Design o

Jul droronill dllakhAell Jigai diloc :implementation e
.AgAa



alioll p_LLuu aeilo dlajoll :Operation and Maintenance e
(oornmaiiol] dilya -padiuoll daliwl) Jodi aaopll

:Process Flowll (jgiiq

Analysis]l doc Ln_ll_l Planningll dloc y9ig aill kA J4uiy
dlajo IJmlg Implementationl| oi Designll diloc [@iaig

.Operation and Maintenance.l

[ d L]
®
:B 2iqaill
: icati (D)
Communication - i =
project initiation Planning P )
requirement gatheri estimating Modeling ;
SChi‘.’uﬁng analysis i Cons!ructiol
rackin -
g design cade »| Deployment
fest delivery -
support
feedback

:aullill work tasksllg milestonesll agag A\l

:Communication e
.£gpuoll JuATi Project Initiation (1
Jldhioll cioai Requirement Gathering (2
:Planning e
(...-aalAll-gojll) alllaioll padi Estimating (1
| aliilll Jglaa giag Scheduling (2
Jogll daa cuun dailioll Tracking (3
:Modeling o
.Analysis (1
.Design (2



:Construction e
.aiioll agall @lis Code (1
aiiollg agall 13@ i Test (2
:Deployment e
.Delivery (1
.Support (2
.Feedback (3
uul Jdil dlajo J4 ra1g aill Ly A jgay Lia Process Flow lg
: dunbo lauli nill dlajoll

Planning=> Analysis=> Design=>Implement—>Maintenance

work ) lajo afio Lipal aiigw Jaljell oda go dlajo J4 a2y
Investigation ) (touylo ligal (jgiuw Planning dl dlajo 914 (product

Analysisll 121g, g il (udai e Joldio Jold jiydi garg (Report
agig aiioll duwlwll Alanlgoll (Specifications) Lijal Jaiul
duyi) alllhio dcgoao (Design Report) Lijal (jg5puw Designl
a1g Applicationdl ga (jgiuw Implementationl yx21g aiioll

aac (Maintenance Report) dilia ji3di (jgauu Maintenance.||

adli ol A afioll J&@-uoridiwoll
. allill J1adgoill (o Aalli
00 aac ilc aflgialy Process model lnguii gldday (uaigoill M5 -
cla@og work products dilajoll Glatioll g milestones jlghll
anA (jgai jlgh Ul gy GuLatidl g work tasks dyijall Jooll




jgla J4 dalaiy 6aga jhial laldi agagy oilwill co process flow
Jlghll (o

Jols Phase daln| doi dyna A Qigoill (je aling B pigoill -
Analysis & Designaoa oi lo9 Communicationll g@g (Milestone)

.Modeling 14 611lg Phase (joi

olaili Phase2 , al] Phasel (o JLdiiVl ot (adgoill M8  ad -
Work product aliilg work tasksl (jo clafiMl aoy V| o) Mg anlg
,phase1ll ] 6:gall cilaiwi ¥ JLdTiVl [Aa ro1g Phaselll
caijo Jlao o hhduy il Jilall dan Joai Ailoill odard
(sawill Gely L go) yadaio glso all

Sdrall g@ o J4l Waterfall Model g@ (daigaill M4 aiog

3 a3gaill 1 gguill g0 Julgill dlnjal Jols jgh awaai ol
dlolall anyall aillaclg gaijll dllaiel Jolag anlg para jlonl
Jakall 3@ (jai Llioa Lo jueillg jueill

:Waterfall Process Modelll pladtwl dlphug dlylyy)

Advantages and Disadvantages of Waterfall:

: Disadvantages Jilpluwl] =
.opeioll gibjll dlllaio Juail Juld pe (1
aic M| sl all dlajo o JLativl ale 6)adéll pac (2
(Aalg olail) adiludl dlajoll (jo claviiyl
:Advantages Jlulagyl =



Jghill dloc na duuddl bldill nle daalaoll (1
Flow Activities ! _laAll Juuluwill (2

Jule 047 (3

.Plan-driven daialg dlaAg duis (4

Luwi gy Agaiill ¢joj (6

:Waterfall Model 1l plaAiwl

When to use Waterfall Model:

bpon cyyliioll (jgii Loaic (1

.dili g danlg g dogardo dlllnioll (2

aduoliyy cuuylg dog@do doritwoll Glyidill (3
Jughill ddoc eliil Lo aa al] 6agaao diljueill (4

a atle cMih\l p4i40) V-model (icy) Waterfallll 23gail pT Jiiod A;g;_\
Jario 1igoi gag .SE: Practitioner Approach 7t edition (jo 40 - 39 dlhanll
Aag () Iaall aani glolg daliall jLiavl ¢lgilg Jaljo apagil

' ¥

(

\a

;_ﬂé,ll}-_lll_;l.lg.o.l.ll :Incremental Process Model X8

Waterfallll 23gai oladiwl aic laliaalg aldio pal o Lalhil
oy Lo cliiti] pi 6 jalioll diluallg Juseill ahild pac ndg
cgjuoll dlillhio ppudi of) aidg Incremental Process model
aiio gl eqpuito aylji J4 jliclg ailaylji 6ac 1] requirements




AU >yl $3diig sl WU pgdi aio elaiyl s2ig Jatuo
..1A4ag

D Communicatio
D Plonning

¥

g D Modeling {onclysis, design)

o increment # n

R D Construction {code, test)
1 ,

g D Deployment [delivery, feedbock]

>

~ -
% .. delivery of
H increment # 2 ' ® nith increment
%

1

delivery of
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:Agile Approach and Plan-Driven Approach

Property Agile Plan-Driven

Project Size Small to Medium Small to Very Large

Flow Incremental, Iterative | Linear, iterative,
incremental

Customer always The start of project or

Commitment increment

Develop new Product | Can be used. Can be used.

Maintain Existing Can’t be used, there is | Can be used.

product no documentation.

Speed Highest Slow to High

Respond to changes Best response From no response
(Waterfall) to good
response.

Documentation No documentation Good documentation

Team size small Small to large

Very detailed Phases |Interleaved Detailed

: Agile Development.ll  ad (dilhllg ailoill (o)

:(XP)Extreme Programming -1

simple design spike solutions
CRC cards profotypes
user stories
values
acceptance test criteria
iteration plan

{
pair programming

Release

software mcremem Sl . :
project velocity computed continuous infegration

Gccepfcnce testing
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' . Explore on the road cquioll

:Project Velocity cgpitoll dcpu auani iy JgUl Incrementdl o claiiVl raig

Project velocity is the number of customer stories implemented during the
first release.

doaldll dljlanyl aclgo dlgan na laio éalaiwll jaoy nillg

( Helps estimate delivery dates and schedule for subsequent releases
(Increments).
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:(caga’ éalc]) Refactoring 4

-
/ Refactoring is the process of changing a software system in such a way that i:\
does not alter the external behavior of the code yet improves the internal
structure. It is a disciplined way to clean up code [and modify/simplify the
internal design] that minimizes the chances of introducing bugs. In essence,
when you refactor you are improving the design of the code after it has been
written.

o =

lay pgdy il cilylooll Julwi gl ddygll yioi pgdil Refactoring dilae a
Jga AVl Julail aayiig agall agalal auidl guwaiy pgdi Ji gnao il ag4ll
Ag4ll pron’ (puini ga Refactoring]l caxa a,31aiill sic draopll cllaalll
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:Testing

Test Il pladTuly pgdi éaalgll story Ll ol agall pglai (o claiiyl oy
ajlang 63ga (o A4lill cRedl prani cliil laliong il test casesl gl Unit

Jall

“Fixing small problems every few hours takes less time than fixing huge
lproblems just before the deadline”.
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gl Acceptance Tests cai Giljliial aags ggijll incrementdl p1adi Aicg
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Incrementll lhlhAig 63111 Stories jlivig 674l aei Incrementd] 13 jlan] r0)
.Jdglholl qiiell Jioy (il adlaill Incrementd Jgiagll (nin 134ag ayaall

:SCRUM-2

cja JAiiy gajdl ol Liale loda XPJl na dpwbwl dldsio Jail Serumdl il
Jo Interfering Jluguili g Stress Jigi Agagl (1agiw Loo afioll g (§uya o
- auyall pghill ddac ia alijl pac alla auwy lao atioll ] Jaell cliil alis

ever)%

OUFS

Scrum: 15 minute daily meeting.
Team members rezpond to basics:
1) What did you do since last Scrum

meeting?
2 Do you have any obstacles?
Sprint Backlog Backlog 3) What will you do before next
Featurels) items 30 days meeting?
assi gned expanded p_
fo sprint by team &
:: :: New functionality

is demonstrated
at end of sprint

Product Backlog:
Prioritized product features desired by the customer

:ga g Scrum Master (el o gile Serumldl Aoiof
J@hall Guallg ggijll g Jolgill 6adc g4y -1
Aalgll (Gupally Sub-teams i (i Jelaill duloc (jony -2
oulw J4iy alilhiall yglai dlac j o 4l -3

[ .Manager a0 jpiol Mg Facilitator [{uo Scrum Masterd| jiio) ]




lAa na layde (Glay nillg ggidl go dldlaiall coqy Scrum Masterdl pgdy
lay plidll jghaill (Gupa ile To-Do dold piei nillg Product Backlog aigaill
0941 gl g0y (illg

Features, Requirements, User stories and Descriptions

Jon jaiy) Sprint owl layle (Gllay Backlogldl palic (jo aalg paic pglal dilac
Grdni piy niojll jUaMl i@ JAAg (Scrum Cycle lio 094 30 ioj jln|
Scrum llg pghill (gya gu adida 15 610l (Scrum Meeting) 10g) cloinl
Shippable Product ailc (Glln) nillg uglhholl Increment I A1aii  1in Master

. plaatwll g (ol (Jlé Increment

aliilg 6a132 Sprint_y ca1llg Backlogll (jo jal paic jLial (Guyall ogdy i
...1A4@g 3521 Increment

The name is derived from an activity that occurs during a rugby match where a
group of players forms around the ball and the teammates work together
(sometimes violently!) to move the ball downfield.




/ dilac na Agile developmentll oladtwl e 6palaoll dilay g jgidall ui_'u\
Agile Methodsll plaatul (4a) (4 anisV dun dnopll dlaiiell dilyall Maintaining |
aliaiw Agiledl plaaiwly l@pghi ai ad suall Alaiioll oda Gils 13a diluall dylac aa
dlliollg ddiliagll il gdatiui nin Reverse Engineering duuAc dwaid dldoel
gl ad ails 13l Lol ,aya peill asilsolg Jlaell sl alaiiall oia lay pgdi il
Jo dlaiioll oday dnlall structure diill pad pgdiwg a8uullall Gall plaaiml
\ Al loya dilpall ahld pe Gladial (Jgaiiwg Documentations, Models...Etc/

Requirements Engineering

¢ Requirements Jlllaioll cayjei galo djlay

[ pLAIll Laoady aill dlorillg wailiagll degoo a ]

¢ dlhiall 0Ad@ Maniy pgdy (o

Jgoriiwall gl Managers Jraoll olAill aling aill dSpall gao ,Customer (jqujll

paulc @Gllaiw ( Llea dolipll ggosatuwpw il Uio a4l na jgakgoll ) End Users
...Stakeholders
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layle gl dulooll 0idg aopll aiioll l@ialy gl cégiall o
:J1ag Requirements Engineering

[The broad spectrum of tasks and techniques that lead to an understanding of

requirements is called Requirements Engineering. Sk practitioner approach P120

ailii (] 1aduw dlajall 0@ na Julgi gl pdrd equ il i go clllaiall ayoal il
«alSo pigy ple Jhilu rall raop aiiall Jits ] (137 ol ganall gog dulu
LTALo

‘The seeds of major software disasters are usually sown in the first three months of

[commencing the software project”. Caper Jones

]
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User requirements are statements, in a natural language plus diagrams, of what services
the system is expected to provide to system users and the constraints under which it
must operate. SE by Sommerville P83 | our course, slide 3
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System requirements are more detailed descriptions of the software system’s functions,
services, and operational constraints. The system requirements document (sometimes
called a functional specification) should define exactly what is to be implemented. It may
be part of the contract between the system buyer and the software developers.

\ SE by Sommerville P83 | our course, slide 3 /
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User requirements definition

1. The Mentcare system shall generate monthly management reports
showing the cost of drugs prescribed by each clinic during that month. |

System requirements specification

1.1 On the last working day of each month, a summary of the drugs
prescribed, their cost and the prescribing clinics shall be generated.

1.2 The system shall generate the report for printing after 17.30 on the
last working day of the month.

1.3 A report shall be created for each clinic and shall list the individual
drug names, the total number of prescriptions, the number of doses
prescribed and the total cost of the prescribed drugs.

1.4 If drugs are available in different dose units (e.g. 10mg, 20mg, etc)
separate reports shall be created for each dose unit.

1.5 Access to drug cost reports shall be restricted to authorized users as
listed on a management access control list.
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Insulin Pump System that delivers insulin on demand include the following domain

requirement:

« The System safety should be assured according to standard IEC 60601-1: Medical
Electrical Equipment — Part 1 General requirement for Basic Safety and Essential

Performance. http://www.SoftwareEngineering-9.com/Web/Requirements/DomainReq.html|
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Anyone who benefits in a direct or indirect way from the system which is being
developed. )

:ull padyini jhaig

Users M

designer — analyst - supporter | Jauly Ji (420 Developers M
System Administrators M

Testers M

Support Staff ¥

Maintainers M

System managers M
System owners M



:Requirements Engineering Process

Requirements
Specification

s —————
= S——

Systom Requirements
i Spedification and
] Mociehng L
(J’ 5 _ e . g "“\.__»X \\“
S Py ' \
/ P User Requitements ™ N
d Specification- N\, X

" Business Requirements
Specification

f
i
3

' , |
st |
i i Feasibility
stem P 4
Requirements Ygeq j,/ Study / Requirements
Elicitation Ehc:tatmn \ User / Validation
Requirements : |
\ \\Eaidmion _/~ Prototyping / /
\\ b R - 7 /
N \\ /’ 4 ,“/
\ g //
> o Reviews
. N s’
cECEa— b S
Figure 4,12 A spiral
view of the »./"/
requirements System Requirements .—
engineernng process Document

i Ui al glg duen aylac na Glilhiall padg croni ddac ) Ll Lild Los
adlall aldaoll jo sac aagy ellilg plaill Juitd gl (1 Gllhioll pad
plAill apubwil allioll palag groai dldoc gloal lay plidll aay il

1 J1ag

:Requirements Elicitation e
-aylLill work tasks 1l (o calliig ailidl/ aisiell (unioll nd
:Requirements discovery .1
92 diloall 033 yulul gl laig dlulbiall goai dilac aus aly aill dlajall 2
Ao gronill ¢lgil 6ac elllid@ ellil Gathering groaill




:JMildinll Interviews «—
gioni @l a0 galawll piif aill dilildall o degano e §jlic
(H2o cgihgo (e dnlall dlogleall
: Interviewdl dlgha =
way il Glogleall ajanig bl J4iy ablaoll panill .a
Ol e gl LGl pd go aaai aay allillg layle Jgaall
palla o dlogleall oia ile Jnal
laall o aliwll ggi (e gupug Jols (pilo (padll cllac] b
clavi] Al 13] Eyny oAl 138 dungna g Joall alidyal le
«ell3 agiai VJ oayy cudg il na dlildall
clogleall o 800 jad pél ile Jiaal dyng aliwidll prani c
lof aldall Gl goh gadddl 13a (dy glg ,goj wdl Jia
| -aliwll go gucgi dlia gl daalo 4oy

Open-ended questions v

Closed-ended questions v/
:ga 6ac @Gl ge dhldoll Guigi d
dga Qi v
giad Jlwi v
Olanlo Jyawi v
Janall oi aill dlogleoll &ilis éale] JAA Jo dlildall pridi .e
laian ;o Aslillg laiealjo af layle
: Interviewdl ¢gglwo =
alallhno paaiuy gl g4s alléall ago gipai (nall gaaddl i
Lil dogddo pe ygii gl ghaall (o dlapdog
aMylaall a Gpeiwoll adgll 6nsll aalsll i

:alilutuw Ml Surveys <
Julad gy o LUl 4o degado cnle Lasygl a altull go degazo
ol allillig Adliill oda JuaT JMA o dlogleall (ale Jgmallg Adliill
JInterviews _nd Qdgll dcla] dlano o galiill



: Surveysdl ¢gglwo =
vaduull jgedi pac wuuy ¢lldg %100 dagan Allid ale Jgmall pac
lahe) il dogleall e aillgguol glubwil iy (il
:didljoll Observation «

adljall faf ail (aduls ol yeiy Losic (allillg Jaoull acjo el dudiljall
dapan e ailii ] gy 13ag 18y plidll e sioy al Jlodl) pgéy cagu
ol padimoll ggiy boaic paATwi L@il prototypedl 1d dale padiwig
Jueill alc 6)ad aind

:Requirements classification and organization .2
Jieo jla] na cluloio Jauu laoyhiig laeol pf il dlogleoll cayind
plaill yghi ddoc paiy

:Requirements prioritization and negotiation .3
qjlai dgan pac ganay dyay l@igaii aqy giill aladall gy aliglgll cuiy
Jughall g pariwoll gu Aliglgll 0d@ aani piyg LAy ghléi gl

:Requirements specification .4
JAaiu User Requirements JI (jo labliiwl oi (aill dldlaioll (§iigi pi)
wapngig @Gilig e waliai naa daglaill duyl (§iligll odag initial (alyio
Aynai jisl jgdiw nill doaldll alayoll

:Requirements Analysis (Specification) e

System Requirements Specification SRS ailc (Gl dlllaioll nowj Giigi cihg piy
AAloill gi Graphical Models djjigiaill ailaill o dcgoao 1gay Il Jhaall go Cua
adgai in gl Usage Scenarios olaatwl vl gl Mathematical Models éyalyyll

:Requirements validation e

Jo Gua Jud o allhiolly alAll Specification I dealjo dlajoll oda J1a oi)
lgiaayl ( stakeholdersligl ilijll ,cpwaidoll o dcgoan (o calliy) Reviewers.l|
Laya jagasllg aladliill cron Jag l@aungi i aé aldhaiall groa gl o



. Con
deio \16 sl <
eop,euuaq;ew \jB CIfw \

N 5D o) \-ro"te rrorﬁ'r{' D S|2PON ey s
o ' inbay wal S
= o FUEINERH
S
i b ocobID

ird 6o3 Hrip (o P o’ i oredIdd
. L : \, - oD Sgs U

. o (' T -

tro bom oI oA oTiP

——=reKiBUy SyuowRdin EYR

soleud
rrrcc|J SO

S\rf fiorie sPPON |

:Requirements management o




%

Business Requirements gi User Requirements \ '

Information Finding gi Information Gathering gi Requirements Discovery
Grouping gi Clusters gi Requirements Classification
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dhpoll aipll cang na dllahAoll oda plaatul (J40) Jalg ann 1A@g opghi piy
dlgiuo 6ac (o (_CL]LLLLUg Context DFD _lain lalc (§lhhig adluug plhAilly

Jdevel0,levell,level2

wapaia sl aligiuall Lol context DFD 1 Gluwll e jior (il sgiwall ale Glhiwg

piei caljoll yher ani gl j4aall (Jog Level 0 llg Context Leveldl (ju jio Ad jgisall
(hai dlang allial) .Level 0l l@wudi na Context Level |

-

-

The DFD is presented in a hierarchical fashion. That is, the first data flow model (sometimes
called a level 0 DFD or context diagram) represents the system as a whole. Subsequent data
flow diagrams refine the context diagram, providing increasing detail with each subsequent

level.
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g Yourdon Symbols ag jhi ai@ag  Jdil gl g @l jgoll oiag

:Gane and Sarson Symbols

Gane and Sarson Symbols Symbol Name Yourdon Symbols

s &

APPLY

' apPLY S - PAYMENT'.
¢/ PAYMENT i :

& .

BANK DEPOSIT Déta Ficw ! BANK DEPOSIT

¥
|

STUDENTS Data Store STUDENTS

-

CUSTOMER External Entity CUSTOMER

JAaly nd apagill paaiuig 0 sgiwoll gl Context Level g0 Gl aligiuwe J14 paAii Data Storel|*
DFD_ sl allahio idg Processes. |l

pliaill nag 6aalg Process éllia jgauw DFD 1l dllalaio pladiul Context | dadoi loaic
O8] agano ¢ aac Lyl Relations g Entities Gilifl4ll (O 3gano ¢ axceg opighaly pgdi (il
:DFDJI dllalhio 1d Aalgii Il J8a0 Jull Relations Jl clgil nalo

Data Flow That Connects » Okay to Use?
b ] { 1 M1 YES NO

A process to another process m m

A process to an external entity @ D

A process to a data store @ D

An entity to another entity m m

An entity to a data store [_i '__j

A darta store to another data store

e |
|
|
|



illillg laiy dlalioll alaMell dwljag Entities 1l laip pgél ol ndhiall ¢ o -
G4daill aLlé yé Entity to Entity Ad\c (jgAal

- g4l diog dijlallg adalall dldagoll (Jali diloel (panll hpugll ga Process Al -

alld ye Lyl Data store to another data store ddilcg Entity to Data store dd\lc

. Jlio
g FINAL SUBMITTED
- GRADE WORK
STUDENT
RECORDS STUDENT
SYSTEM
A
A
-
On, )
CLASS \i GRADED
ROSTER \\WORK
GRADING
nrocess O SYSTEM \
re;'Jresems the om d unique reference
entire grading system \_ ) number for
A each process
GRADING
PARAMETERS GRADE REPORT

INSTRUCTOR

J9aluig Grading System Lia (jgaiug 6aalg Process (1ga) Context | Il Lyl Lild oS
Students CMll Ml (agili pllaig Instructor jujroll n@g Entities Il (10 Aac Ligal
| Student cllll g Records System
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Levels of DFD Context 21ag) System Modelling dlajMuw (jo 19 apMuldl nd Al Jlio aaqy

. Diagram |

:Use Case Diagrams

ailiilallg alullg pUAill u Interactiond] Jalii drais (nioi Use Cases oladatw V] G\l
plaill lmoady ill (Gldiell) caillagllg dloaall dcgoto @ ple JAuing ai dhhinoll
Laa adeill ge aeini gl way ol User I ] () J4uiy é@ago aeig Lo Entity (al]

Glatil LA go liifag Slillkiall si5lig ggijll g0 Jalgill dpubul 63cld pisl pad
[doadio aiiai Jaljo a plaill diojomnillg adyaill alihhAoll

lhda plhAill nd dﬂjlﬂl Objectsllg callagll Juioil icly Use Case Diagram 1l _1d aagyV
gl Lo wl dayii layle Jaai gl giay (il dldiwoll caillagll gl Business Processes 1l Jiai
uorituall Aliliio gdaf aill ilbgl

Use Case Diagram Symbols : pladtwlll &¥la dlkhbhio jgoy

plhill dlagnall aiull ia apagli (Jioell) Jelaioll piol Entity digiss ga :Actor .a

JSui nle anw) piig dnyla aakil gl 8janl (al gl dakhio gl yadids Jiay gl Jaaig
: Stick Figure

:Laio dpuyiyll ggdig glgil 6ac alg

:Primary business actor

plhill go doxa wlhi il digiyll ga



:Primary system actor 4+

plaill o pulio Jadn Jnlgii aill digiyall ga

clacy Jala calhgo aalgiy g oy alépidl Aol Queuing System 1l aa Jlioll Juuw ile
alnoy Al gaijll Lol Primary System ActorJl ga (jg5ug Jijll J1d Jiwillg ygall adjg
Primary Business Actor]l ;jg41 Jaall J$a ad jgy aillag

11 Lol Primary System Actors |l lnda 3ol ogdi aill dlaag jael
dVhl guaill gi Jugaall Juoill nd Trigger Il Jda1 (jgainagiy Actors Primary Business

ol RNaVETIAY)

System Actor Il g Business Actor | ;

ATM Yl calpall (o ¢lio way Il gaaudn Ay Loaic elly ale Jliog Jaoo il
gg4u adliadll alogleo Jlasl pgdy loxic gad dilaiill aidllay (Guha e
. Business Actor (jg41 (alaiul Lnl ) ¢holl nle Jany loaicg System Actor

gl Secondary Actor aylc (gllnyg dygili ggiia Actors 1 spalll avlall Lol

:Server Actor

:External Server Actor +
ol &o3Al quaiuy cua Primary I go Jal duijay j4lg plaill co Jnlgiy go ga
Jdli) loaic (safio pyo ¢lld ale Jliog Al pgdilg Primary Actor J1d (o laulha
.alhll jhd) gl Jgud ajg aindo jgbi g saiiall 1aa al] ploail wlh

:External Receiver Actor 4+
ol Slayloil yatuy ail il sy dlac ol pgay U 8lg pliatll g0 Jolgly 1yl g2
plaill o alilla jdliy gagiwo ol elld  ale Jliog hda pliill o Glogleall
Lailaag (] Llaviiy pgdg




Jgo Lo ulla Jhdiwl pgdy ail Lﬂl plAill co Jelai alaoy pgdy Server Actor Il ()T (gl
plaill go allh Jludiwl lhda pgd) Receiver Actor Ul Loiy cllall 3@ ap elld yoy g plhAill

aagag gl doaa e poy allall odd pwl ahwg gia cai alial J4id :Use case .b
olhaill laoad,

° Pmausecase.

:Relations .c
g doaa (i gl laullay il Use case @oaall co Actor éoxall dllha hji nill ndg
:clgil 6ac lalg Al
:Association >
.Use Case g Actor (Ju )i aill ddllell na

o ©

A

Club Member Distribution Center

1l Lol Primary Actors Il héa ga hhaoll 14 paoll jgiilo daleg

J1a 6189 618 Juolaill ggai loaic dnla p@kldw] pitd Secondary Actors
Auai gl go 41 adei L@l hihaoll

6yLii) bldw] pi ad ail algall o yis na aaMiw aulill UML 1l dawi nag
6jLi] pAATWT Al Adg Use case I g Actordl (1 Julgll hall o pavwll

1dg laio apaiwall gug doaall (il (il Use case Ll J&aall g jraill pduwll
Lahldwl pi cdlil laio gaidimoll pd doxall ullh go %90 gl Ighal



:Abstraction >
i ol ghey illg plaill gia pladtuwl dlla gl dadag délunl paaiwi
sl plaaiwl Ayl gia laolaaiul
Place New uillall Ligal Lo plAi na allh Jiawill pladiul (ailla :Jlio
Submit Change of Postal Address dyiilill dllallg ulla Jiauwi L,r1| Member Order
1A lgic pei dlla nag
Jna ghay il onagull glgiell M8l dilac na glajida uillall A8 of bali
dlla alall oda (jgiig Revise Postal Address laoulilg lodlic dllall oda
pxaiwell glatuy V) l@aagl l@lieai (j401V 1l Abstract Use Case Qi
sl alla 4 Include laiani iy Lailg (aydl glgiell a8l alla Jueai
Jredi pinw ail 1840l o digaell Jiawd allh ia al agaall dylia] ggiig
gyl glgiell ask alla

.Abstract
Use Case

UML notation: a directed arrow labeled <<uses>> or <<includes>> and it is read
as the example: Place new Member Order Uses Revise Postal Address.

:Extension >
Jhoy aglial alla ol sl apelul alla JoSiwg alla gl aaghg aclynl padiui
Actor I J1d (1o (ueo i @daiaic il avla go laleai piy g
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ol gl actor Jl jliAy Il (80l Place new member order ulh Juui dadoc ¢ jlio
(o 6gila aglgi gl Calculate Order Subtotal &)gilall co dcgaroll alpall Jyawi
d\lallg Generate Warehouse Packaging Order djalell 6)gilall co gagiuoll
Extension Use Cases 1a & AVl

Extension Use

Subtotal & Sales Taxj"

<<extends>>

Place New Member
Order

\
UML notation: a directed arrow labeled <<exitends>> from the extension UC to
the main UC and it is read as: Generate Warehouse Packing Order extends Place
new member Order.
J
\

,adinoll allall o duubwll allall (e ar Jaiug V umL I J1d p_a_uﬂJl olail :dhallo
Ocljdll nd hda partiugg
J

:Depends On >
allall &igan (lgVl allall digan lajidiy loaic plaAiwl ailla G Linii @dle
Lahid ayilill

2kt



<<depends onz>"

<<depends on>>

9 Ma-!ie a Withdrawal

lQic jgigiuig bhlhaoll aidoi 6aLj Depends On daloicMl ddilc piof phill dlaag jhe;
.Use Case (Jgaa 1d Precondition I Jda nd djalaicVl apagis

UML notation: a directed arrow labeled <<dépends on>> from the UC that

depends on another UC.

:Inheritance >
Jea padia Actor (o il (qu @Sjiddio Glapai agag aic [@oaaiwi ddilc
Jeai pgdi pi @4jidioll Aylall odd Jiedi Abstract Actor (1auig Aalg Actor
LAy pgdy il (Clyedtll) aldpaill oid aio Jgiy guall Actors Jl
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Abstract

/ Actor

Inheritance
O\, relationship

T
Pt
e e Gt S S {
\u s
L B o
o s i g

Visitor

R s y
Apply for
Patron Patron membership visitor

UML notation: a directed arrow beginning at one actor and pointing to the
abstract actor whose interactions the first actor inherits.

j -ahallo
use llg environment 1l otis Actors I Jg41 cu plhAill agan Loils cllia Jgad Ol woy

i

J4lg System Boundary 1l (o Actor 1l gihg pac iy L;11 System Boundary 1l n0iii Cases
.0angl d@n d paio U4

,Q.Lu}JI Jls Jla nag Primary J diglgVl pwll aic ._nl Secondary actor (}0 p.al Primary actor

Y
h ¥
%

A
!
{
3

e TS S AR

.Secondary _Ilg_DJJ_lﬁl Junai Jl-”gh:u

— " - ST —— - - - o

duni dadoi go Use Cases (ilaladol ullio angy System Modelling (Jo (il Jal 14
.Use Case Diagramll (d1gad)

-qlanill-

&.f




Use | aic dualoll palaoell a4 liadgi Ada System Modelling I go é6palhall oda na gilij
Iail adg ,plAill dldkaio dadoi Aic Interaction Jl jghio (1d padig nillg Case Diagram
:adibull dlpalhell (o dolall hldil gaey 6)93ill § palaall odd ad jgilall

Hghi jlghal (o Milestone jgh LAl ilc Process Models 63c J14 Modellingl j33 pi -
otonill gl Jyaill jgh awai ga Modelling Il pio) Jaa aopll Atioll
Jaill jgha na 8l gl cja Modelling ! Hiey J1,M €S Analysis or Design

Specification llg Requirement Specification 1l 14 Modelling 1l allano j53 poilas -
Al go laeaa ai aill Gldkiell ¢roa ang) ggpitall e Jndaog Jols jydi ga
oxilwoll hi dang o algll i (nidag ge ponw yydill 13ag Stakeholders
Ol gy Cuyny Ty 181 gl adyhy digiso alylhioll 03d ggsiw ool User
<un Developer Jdholl phi d@ag (o (Jgiiw duilill JAill éangg prriwall laoad
a23j0 dhdl ggsu ail los hunlly plhill a pgds Lo 3aayl dyidr 4] adjphg LSy
Validation Gilillioll (ale 351l dylac ad

Al n@ Requirements Specification I jyjldi &lis 1a Notations llg (gl pﬂl Jo -
. Models Jlg Text

f[pwu«mmmm%

e dyily ddygny pliaill dlanlgo g aldhio (e jueill 8lal g GJJ_ng 1@ Models 1l -
.Diagrams dllalhAoll gy

cun aalg il i gl aalg by plhill alithio Jol4 ge pueill j4aall ¢ go -
omgmmpj‘dogmmambgdcpm@mdéwmuhlbmﬂmmum
Alilhinll cljall 0ad e jioi pi eljal 63c (og i al@ag 63c go alilhioall
i



clla aoy plig plAill (jc Integrated View dlolAiog dlols 6pai i (jgaiy duwlioll
Agall @lisg pronill dlajo (all JLATIV

: dllakioll o aaa ggi go YUl Jo4ig

:Class Diagram «dgdnll hlhio

Class 1l i@ (1o pliai 11 Structural Components (e pei (il Allahaoll pal o
aungil dordimoll dllhhAell o pie) gaa plAill cljall (nayjai Juiai gag , Diagrams
Structural dygiitll paill daag

¢ Class canll ga Lo Al

alanll (o dcgoaay elyiiii il Entities or Objects GliflAll (jo dcgato e jio) van |
63310 Aldn aldlag jiAg e al cHlalla abidglullg
0AA Encapsulation «aulgi A duulwll adiedog dlanllg alisghull 0ial Container

lareaag dsjiiitall elydill

nglad pie) canllig azao ¢l

salifldll pl caganll Ugl oajani piy (1l Lo g4lg
go Llayladi gho) il cagandl aaai aiy ai (Jog Objectsl gl Ciliil&l aaai Ugl aiy

olhill dlillhiel (§1ds pard g alundi éclpd @Gupa e alidlall ale Jgoall plig Gliflall
.Use Case Diagrams (o laylc Jguall aiy Gllhiallg

. (Classes with Relations) Classes 1| ¢y Jailgyllg dldilell oy g@ Diagram b.b;\.o_llg

gl alanll gag Jhoyg wanll pul ngay Jihaiwo) UML notation 1l 14 Class 1l Jiiof pilg
Lyl Methods (Cilisglull ) @&ilpall g Attributes.ll
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Consuftation
Doctors
Date
Time
Clinic
Reason
Medication Prescribed
Treatment Prescibed
Voice Notes
Transcript

New ()
Prescribe ()
RecordNaotes ()
Transcribe ()

clgil 6ac Lalg Classes 11 g bauji il Glddlell yaai pawnll o

:Inheritance diljgll +

Supertype «dn (}o Subtypes jiowi caganll jo decgono Gldiml dloc aa
ailan Subtype J3 cauhyg Behaviours ailiSglwg Attributes ailan Gyl
clisMlg Supertypes LUl cagan (i dadllell jgiig a1 anlall ailidgluig

.4ilyg ad\lc Subtypes

Person Class

{supertype)}

! | 1
Student Class Teacher Class
(subtype) {(subtype)

i |

Student A Student B . Student C Teacher A Teacher B
' &




03c 1a d4jiunoll Behaviours albglull g Attributes dlanll coa diloc na
AT il Al S £ Superbe EE LS R P TR
Subtypes _1owig aio lalilam il
(daliro jAi a@agqs Al Inheritance Jl auid)

:Generalization p)109ill

different ways.

\.

Polymorphism — the concept that different objects can respond to the same message in

Override — a technique whereby a subclass (subtype) uses an attribute or behavior of its own
instead of an attribute or behavior inherited from the class (supertype).

~N

J

Doctor

>

1

Consultant

L |
i Hospital General
5 Doctor Practitioner
i
Team Doctor
A
i
| ! l
Trainee Qualified
Doctor Doctor




, :Association =
iyl ddleg Al cang wan gu kgl ddile pa
Il Jhar g alalil 6ae) laicléd oig hay aliioi piig AUl canll Glang
.aAago (JgAT

co Jelaii aill greo Class (o Object Il aac lolai aaaT nill na :Multiplicity o
AUl class I ;o Object 1l (o (oo aac

Multiplicity — the minimum and maximum number of occurrences of one object/class for a
single occurrence of the related object/class.

y Places 0.
Cusiomer —

MESSAGE
REQUEST
(containing name of request behavior
and attribute needed by ORDER)

.

display order staius
____of order 23181




:Aggregation =

o (lifl8) eljal 6ac gl eja (g Jgl can ggsu cun gran g ki adile na
.Diamond Shape Jgll canll cajla o (ngay by laliod plig gli can

Team

In UML 2.0 the notation for aggregation has been dropped.

* :Composition %
caganll el ge Jagwo jgdu JgVl canll JAl Aggregationdl ddilc auii
.guolo Diamond Shape 1jlity Jadu laliiod alig lajoaig diijall




