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AiapBpwon

* ®don Zxediaong (Design Phase)

« 21patnyikég Zxediaong (Design Strategies)
— Custom Development, Packaged Software, Outsourcing
— EmAéyovrag otpartnyikn oxediaong (Selecting a Design Strategy)

* A6 v AvaAuon otn Zxediaon
— A6 1a Movtéha AvdAuong ota MovtéAa Zxediaong
— Ailapepifovtag 1o MpdpAnua — AlooTpwudTtwaon (Layering)
— Makéta kar Aiaypaupata Makétwy (Packages and Package Diagrams)
— MaketoTtroinon kai Opadotroinon (Packaging and Clustering)
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YmevBuuorikd. H &aon tng Zxediaong (Design)

PIan’ning Br'"_]q'[q_

E 1. Z1patnyikf 2xediaong (Design Strategy). Avattuén atré Tov idio
_DQ_H TOV OPYAVIOHO, Il EWTEPIKN avdaBeon (outsourcing) o€ pia
Implementation GAAN eTaipeia, A ayopd EvOg UTTAPXOVTOG TTOKETOU AOYIOUIKOU;

2. Apxitektovikr) $xediaon (Architecture Design): UAIKO, AOYIOUIKO,
OIKTUOKA uTTod0uN, BIETTA®NA XPNOTN, POPUES, avapopEs, BAoElg
0edOpEVWIV, KATT.

3. Nepiypaon Apxeiwyv kal Bdoswv Aedouévwy @ TToIa aKPIRWG
Oedopéva Ba atrobnkevovTal Kail TTou;

4. ¥xediaon Twv [MpoypauudTwy : Trola TTPoYPAUMaTA TTPETTEl VA
ypa@ToUV Kail Tl Ba KAvVEl TO KABE éva;

AtrotéAeopa/lNapadoTéa:

Mpodiaypaen uoTAuatoc (System Specification) n otroia dideTai
TNV opada Twv TTPOYPAUUATIOTWY TTPOG UAOTTOINGN
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YrevBuuoriko: H ®don Zxediaong otic MeBodoAoyieg
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YmevBuuorikd. H &aon tng Zxediaong (Design)

PIan’ning Br'"_]q'[q
, . 21patnyikn 2xediaong (Design Strategy). AvdrmTuén amo Tov idio
_Dg_” VIGUA A ECWTEPIKN avdBeon (outsourcing) o€ dia
[ implementation | AAAN eTaipegia, A ayopd EvOg UTTAPXOVTOG TTOKETOU AOYIOHIKOU;
2. Apxitektovikr) $xediaon (Architecture Design): UAIKO, AOYIOUIKO,
OIKTUOKA uTTod0uN, BIETTA®NA XPNOTN, POPUES, avapopEs, BAoElg
0edOpEVWIV, KATT.
3. Nepiypaon Apxeiwyv kal Bdoswv Aedouévwy @ TToIa aKPIRWG
Oedopéva Ba atrobnkevovTal Kail TTou;
4. ¥xediaon Twv MpoypauudTwy : Trola TTPoyPduPaTa TTPETTEN Va
ypa@TOoUV Kail Tl Ba KAvVEl TO KABE éva;
AtrotéAeopa/lNapadoTéa:
Mpodiaypaen uoTAuatoc (System Specification) n otroia dideTai
TNV opada Twv TTPOYPAUUATIOTWY TTPOG UAOTTOINGN
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ZTparnyikéc Zxediaong
Design Strategies




O1 Kup10TEPEC aTpaTnyIkEC axediaong
(Three Main Design Strategies)

* Custom Development Building the system from scratch

AvdarrTugn ato Tov idlo Tov opyaviouo

« Packaged Software - Buying a packaged software and customizing it

‘EToipo lMNMakEto AoyiopIkou

» Outsourcing —! Hiring an external person/company to build the system

E¢wTtepikh avdbeon

Avamruén kard mapayyedia
IMakéro NoyiouikoU
Eéwrepikn avabeon
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Design Strategies
Custom Development

Custom development means building the system from scratch

Advantages

» Complete control (and freedom) over the functionality of the system
+ Extensibility of the system (future needs may be taken into account)
» The skills of the staff improve (beneficial for future projects)

Weaknesses

+ Takes time, requires hard work (the staff may be already overcommitted)
» Appropriately skilled staff is needed

* High risk
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Design Strategies
Packaged Software

Buying a packaged system and customizing it
(commercial off-the-shelf (COTS) software product)

many business needs are common to a large number of organizations
there are thousands of commercially available programs
— that support basic and ubiquitous needs (e.g. payrolls, orders, inventory, sales, etc)
these programs range from small components to complete ERP (enterprise
resource planning) systems
— complete ERP systems have taken years and have cost millions of Euros to
develop (SAP, PeopleSoft, Oracle, Baan)
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Design Strategies
Packaged Software (IT)

This decision strategy introduces an additional phase, the

1) Identify products that could fit the needs of the project

2) solicit, evaluate and rank vendor proposals
3) select and recommend the best of them
4) contract with the awarded vendor to obtain the product

‘procurement phase” which is a special decision analysis phase
comprising the following steps:

— sources: special magazines, journals, Web sites, other organizations with similar
needs

Procurement phase: pdon mpoun@eiag
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Design Strategies
Packaged Software (IIT)

2) solicit, evaluate and rank vendor proposals

Commonly, this step involves preparing an RFQ or an RFP document:

RFQ (Request for Quotations) (aitnon mmpoo@opdg)
used when you have selected the product but the product is available from
various distributions. Objective: negotiate configuration, prices, maintenance
contract.
RFP (Request for Proposals) (aitnon mpotdocwv)
used when there are several different vendors and products that are
candidate. RFP is a superset of RFQ because the former describes in detail the
requirements of the project (it is like the Requirements Specification Document)
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Design Strategies
Packaged Software (IV)

Advantages
+ It takes a short time to buy and install it (no extra staff is needed)

» Low risk (packaged software has already been written, tested and proved to be
effective)

Weaknesses
* Not full control over the functionality of the system (we cannot customize
everything)

— sometimes the business processes of the organization have to adapt to the software!
» Extensibility of the system for the future needs of the organization is not ensured
» The skills of your staff do not improve
» The price of the packages software is sometimes high
» The organization depends on the vendor

— maintenance (plus cost of maintenance)

— Risk if the vendor bankrupts
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Design Strategies
Outsourcing

Hiring an external person/company to build the system

Types of contracts:
» time and arrangements
— payment based on the time and the expenses
— [-] the bill may climb high
» fixed-price contract
— requirements should be very clear
— [-] usually outsourcers are not willing to accept changes in the requirements
» value-added contract
— the outsourcer will have some share of the benefits from the system
— becomes more and more popular

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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Design Strategies
Outsourcing (II)

Advantages
* You have the full control over the requirements
» The external party may be more skilled than you

Weaknesses
* Not full control over the internal architecture of the system
» The skills of your staff do not improve
* You may have to share confidential information
* You need a person to manage the outsourcing
» Risk if you haven't specified well the requirements
— never outsource something you don’t understand
» Risk if the external party fails

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005

14




EmiAéyovTac ZTparnyikh Zxediaong
(Selecting a Design Strategy)

EmiAéyovrag ZTparnyikh Zxediaong

Custom Development Packaged System Outsourcing
Unique business need Very common business need The business need is not crucial
for the organization
Your staff has technical skills Technical skills are lacking and it
and you want to enhance is not strategically important Technical skills are lacking and
them to build them it is not strategically

important to build them

Loose and flexible deadline

Short timeframe with strict A “good” outsourcer is available
deadline

You want to avoid risk

What about your project?
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EmiAéyovrac ZTparnyikh Zxediaong

TTivakag EvaAAakTikwy (Matrix of Alternatives)
We can use a matrix of alternatives (like the one we used in feasibility analysis)
for organizing the pros and cons of each alternative. We could also employ a
weighting scheme or any other decision theoretic method for selecting the best
strategy for the project at hand
— Custom Packaged Outsourcing
Description Development Software
Operational feasibility
Technical feasibility
Economic feasibility
Cost
Payback period
ROI
Schedule feasibility
/"
Plus whatever other
criteria are appropriate
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 17

Hereafter we assume that we have selected the
custom development desigh strategy




Ano T1a MovtéAa AvaAuonc ota MovtéAa Zxediaong
(From Analysis Models to Design Models)

Ano Ta MovtéAa AvaAluonc ota MovtéAa X xediaong

2KOTTOG
e Ta povtéAa avaAuong TTou £XOUUE BNPIOUPYACEL PEXPI TWPA £XOUV KUPIWG
eoTidoel oTIG AeIToupyIkéG ATTaITAoEIG (AA)

* Twpa mpémel va AdBoupe uttéwn kai Tig Mn Agioupyikég AtTraitioeig (MAA)

e ZTnv AvTikelyevooTpe® AvaAuon Kal Zxediaon: TTPETTEl va avaBewpAOoUPE Kal
EKAETTTUVOUE TA JOVTEAQ TTOU £XOUNE DNUIOUPYHOEl HEXPI TWPA
— [MpoobéTovTag AETITOPEPEIEG TTOU OQOPOUV TO TTEPIBAAAOV TOU GUOTHHATOG

Mn-Acitoupyikég Atraitioeig (MAA)

* Tepiypd@ouv 1I810TNTEG TOU GUCTHKATOG TTOU OUVHBWG ekPpalovTtal BAael
XOPOKTNPIOTIKWYV TNG Hop®rg: ATrédoaon (performance), XpnoTikdtnTa (usability),
Ao@dAeia (security), Nopipdtnta (legislative), 18iwTikdTnTa (privacy)

*  Me aAAa Aoyia: Trepiypd@ouv 1o TTWG (f To TTéo0 KAAd) To cUcTnua Ba uttooTnPIgEl TIG
AerImoupyikég ammautigelg. MIropoUpe va TiG BEWPACOUNE WG KTTEPIOPITHOUG» TTOU
TTEPIOPICOUV TOUG TPOTTOUG E TOUG OTTOIOUG Ba UTTOPOUCAE VA TTPAYUOTWOOUE TIG
AEITOUPYIKEG ATTAITATEIG.
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Ano Ta MovTtéAa AvaAluonc ota MovtéAa Zxediaong

YwnAou emimédou

. . Amaitiosg
EMTIXEIPNUATIKES AVAYKES

KaBopiouo

4 N

AvaAuTikn Kataypagn

KOTAYEYPAPUEVEG OTNV
MpdéTaon ZuoTrparog

AvaAuon

2xediaon

U. of Crete, Information Systems Analysis and Design

ZUYKEKPIUEVWY ATTAITATEWV

MovreAorroinon

MovTeAotroinon
A&iToupyikn /AOHIKA/ZUPTTEPIPOPAG
(Functional/Structural/Behavioral)

AvaBewpnon
EkAémruvon
Mn Aeit/ké¢ Aarraithg

\ ’ MovTéha Exediaong ‘ /

Yannis Tzitzikas, Fall 2005

TEIS
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Ano Ta MovtéAa AvaAluonc ota MovtéAa Zxediaong
Texvikd, n edon 2xediaong mepiAappdaver.

~

AvaAuTiki Kataypaen

>xediaon

U_ of Crete, Information Systems Analysis and Design

YwnAou emimrédou Kaéop ,'0” ?/
. . Amairjosyv
ETTIXEIPNUATIKES AVAYKES
KOTOYEYPAMMPEVEG OTNV
MpoéTaon Zuotruarog
AvdAuon

2ZUYKEKPIUEVWY ATTAITATEWV

MovreAotroinon

MovTteAotroinon
AsiToupyikn /AopIKA/ZupTTEPIPOPAS

k(FunctionaIIStructuraIIBehavioraI)/

AvaBewpnaon, EKAET
Mn Aeir/kég Aarraitia

»  2xediaon KAdoswv kai MeBodwv

*  2xediaon Emirédou Aiaxeipions
Acdouévwyv

«  2xediaon Emikoivwviag pe Xpnotn

»  2xediaon Duoikng ApXITEKTOVIKNAS

Yannis Tzitzikas. Fall 2005
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ATO Thv AvdAuon oth Zxediaon
Texvikd, n pdon Zxediaong mepiAaupdvel:

» class specifications (detailed
Class Diagrams)

/ « Contracts, Method Specifications

« file structure, database

* Class and Method Design

Data Management Layer Design
* Human Computer Interaction Design+—___

Physical Architecture Layer Design *  Use Scenarios, Windows

Navigation Diagrams, Interface
\ Standards, User Interface

/

Templates

* Deployment Diagrams,

Hardware/Software
Specifications
Each of the above topics will be covered in the subsequent lectures
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 23

‘Eva amé mahaiéTepa epwThARATA
(One of the oldest questions in software methods)

lNwc¢ va ommaoouue éva ueyaio ouotnua;
N6yog: Av gival peydAo 161E £XOoUpE SUOKOAIEG KATAVONONG, ETTEKTAONG,
aAAayn

®aon Avaiuong:
lNa va ordooupe éva ueyaAo ouoTnua oto TTapeABOV Kavaue AEITOUPYIKA
AtroouvBeon (Functional Decomposition). XpnoiyoTrolouvrav Tig HEPES TTOU
o1 d108IKaoieg (processes) kal Ta dedopéva ATav dlaxwpIopéva

2nuepa: Oepimrwoeig Xpriong (Use Cases)
ddon Zxediaong:
Evromopog otpwudtwy (layers) kal TakéTwyv (packages)
— (packages are sometimes called subsystems)
Ta TakéTa gival CWTIKAG onuaciag epyalcia yia Ta yeydAa épya
Ta akéTa gival emiong KaAd yia dokiuég (testing in package basis)

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 24
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Evromiopéc ZrpwpdTwy
Identification of Layers

* 'Ewg TWpa £XOUPE KUPIWG EOTIACEI GTNV «EVVOIOAOYIKH TTPOOTITIKA» (] AAAILOG HOVTEAO
TTpoBAAuaTog, povTtéAo Trediou epappoyrg, problem domain layer)

*  Twpa TPETTEN VA TTPOCHECOUNE AETITOPEPEIEG TTOU APOPOUV OTO TTEPIBAAAOV TOU
OUOTAPATOG

*  'Evag TpOTTOG yia VO aTTO@QUYOULE TNV UTTEPEPOPTWON TOU OXeSI0O0TA gival va
XPNolhoTToIooupe TTOAG layers (oTpwuara)

[lapadelypa dlaoTpwPATWONG:
’ Problem Domain ‘ H €vvoIOAOYIKN TTPOOTITIKN

’ Data Management ‘ A@opd Ta aVTIKEIJEVA TTOU aTTaIToUV POVIUN aTToBrAKeEUGN

’ Human Computer Interaction ‘ KAdoeig AleTragrg Xprotn

’ Physical Architecture ‘ Emkoivwvia, ApXITEKTOVIKN AOYIGHIKOU
X M.x. BepeNIdEIG TUTTOI BESOUEVWV (TUVHBWG
’ Foundation Layer TepIAaBAvOVTal OTO AVTIKEINEVOOTPEPES TTEPIBAAAOV avATITUENG)

| layers can be represented using the higher level (UML) concept of PACKAGE

25
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TMakéra kai Aiaypappara TTakétwy
Packages and Package Diagrams

1

Divida et impera (divide and rule)
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TTakéta Tng¢ UML
UML Packages

Ta lMNMakETa gival Evag YeVIKOG INXAVIOPOS OUadOTToIiNCNG O OTT0I0g
ETTITPETTEI VA OUADOTTOINCOUUE OTTOIOdNTTOTE OoTOoIXEia TNg UML o€
uwnAOTEPOU ETTITTEOOU POVADES

— ZUuvABwg xpnoiuoTrolgiTal yia TNV opyadotroinon KAGoswyv

‘Eva TTAKETO UTTOPEI VO OUAdOTTOINCEI
*  KAAOEIG
* AA\a povTéAa oxediaong

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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Naypdppara TTakéTwy
Package Diagrams

ATrreikovifouv Ta TTakETA Kal TIG HETASU Toug e§apTioEig (dependencies)

[ P2 | [P1 ]

To P2 g€aptdral atmoé 1o P1
2nuaivel 611 pia aAAayry oto P1 ptropei va ammairiosl aAAayr Tou P2

ESapTtiosig (Dependencies):

+ O e€apTtnoeig dev gival ETARATIKEG

*  Mia KOAA TTPOKTIKN €ival N amTaAoIPr) TwV KUKAIKWY £EAPTACEWYV (TOUAGXIGTOV N
peiwan Toug)

* H 1éxvn 1nC oxediaong ueydAnc KAiyokac: gAayioromoinon e{aprnoswy

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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‘Eva didypappa makéTwy (TTou opadotoloUv KAGOEIC)

Order Capture

ul

\% AWT
Order Capture

Application
v AN
A
Orders Customers

Mailing List
ul

e

1
Mailing List
Application
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Tpomor Aiaypappatikhc Atteikoviong TTakéTwy
package name package name + contents
util util
util Date Date
nested packages
fully qualified
package name java
java::util util
java::util::Date
Date Date
U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 30
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TTakéta, OpardéTnTa, kai Eicaywyn
Packages, Visibility and Importing

* We can define the visibility of the elements owned by a package as we defined
the visibility of the attributes and operations of a class.

]

* +:public
+ - private: seen only the elements of the same package
» #: protected: seen only by the elements of the same
package and its children

» To refer to the class of another package you need to use the qualified name of
the class (package name::class name)

» import allows using direct names (not qualified ones)

* importing adds the public elements from the target package to the public
namespace of the importing package. Notation in UML: <<import>>

P2 ssmporez P
“Import” vs “Access”: “Access” is like “import” but you cannot reexport. So it is not transitive (import is transitive)
U. of Crete, Information Systems Analysis and Desian Yannis Tzitzikas, Fall 2005 31
[Tapadeiypara

<<subsystem>>

O< | presentation

—‘ Cinterface
jaa |
<<subsystem>>
applet * om0l -0
Minterface
awt
b:
ano b . T
Einterface
<<subsystem>> Finterface
entity

<<subsystem>>

foundation
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2 Tpwyata w¢ TTakéra
Layers as Packages

MovTteAomroiwvrag ZTpwparta w¢ TTakéTa
Modeling Layers using Packages

|

Problem Domain

|

Data Management

|

’ Human Computer Interaction ‘

|

Physical Architecture

|

|

Foundation Layer

Physical
Architecture

‘ -

U_ of Crete, Information Systems Analysis and Design

‘ 77777777777777 .

1

Foundation |«

*

—
Problem
Domain

1

Data
Management

Yannis Tzitzikas. Fall 2005
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TTakéTta yia MovteAomoinan didgopwy ApxITeKToVIKWY Oyewv
Packages for Modeling the various Architectural Views

MrtropoUpe va XpnOIPOTIOICOUUE TTAKETA YIA VO UOVTEAOTTOICOULE TIG
OIAPOPETIKEG OYEIG EVOG CUTTHATOG

. ) Implementation
Design View View
] Use Case View
Interaction View Deployment
View
Layer N
Layer N1, | Presentation Logic |

| Application Logic |
Layer3 | }

Data Access Logic {

Layer 2,
’ Data Storage ‘

it

Layer 1+

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005
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TTakeTommoinon KAdoswv
Packaging Classes
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TTakeTomoinon KAdagswv: Kivntpo
Packaging classes: Motivation

* O1 kAGoeig atroTeAoUV TO Baaikd YEoo BOUNONG £VOG AVTIKEINEVOOTPEPOUG
OUCTANATOG
»  Eivar 6uwg¢ auth n 66uNaCnN AQpPKETH av EXOULE EKATOVTAOEC KAGOEWV; ?

2upPBouAn: Xpnoiuotroinore MNakéra orav éva diIdypauua KAGoewv Oev XwWPAEl
o€ uia oghida A4

37
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TTakeTomoinon KAdoswv: Id16TNTEC
Packaging classes: Properties

1816TNTEG

*  Mia kKAdon utTopei va avrkel o€ £€va JOVo TTOKETO

*  Mia kKAdon TTpETTel va €xel JOVAdIKO Ovoua PHECT OTO TTOKETO
* 'Eva 1Takéto ptropei va epIEXEl KAAOEIG KAl GANA TTOKETA

Apa UTTOPOUE VO OPICOUNE PIA 1EQAPXIKT) dOUN

2nueiwon:
* Ta UML packages avtioToixouv oTta packages 1ng Java

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005
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TTakeTomoinon KAdoswv: Kpithpia

H tTakeTotToinon Twv KAGoewv UTTopEi va yivel Bacel diapopwv
KPITNPIWV, TT.X.:

* Bdoel cuyypaéa (who wrote what)

+ PBaoer Asitoupyiag (e.g. Storage Manager, Ul, MVC, ...)

* Bdoel apXITEKTOVIKOU oTpwpatog (architectural tier), 1r.x. 6a
MTTOpOoUCaE va SIAKPIVOUUE TIG £€AG KATNYOPIEG KAACEWV:

’ Presentation Logic ‘

| Application Logic |

’ Data Access Logic ‘

’ Data Storage ‘
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 39

TTakeTomoinon KAdoswv: Kpithpia

‘Evag AAAOG TPOTTOG DIANEPIONG TWV KAGOEWV:

* persistent database classes
— O1 kKAGGE€IG TTOU aTTaIToUV JOVIKN aTToBriKeuon

+ entity classes: those that will reside in the main memory
— O1 kAaoeig Tou Ba BpiokovTtal 0TV KUPIG UVARN

* boundary classes (interfaces)
— O1 dieTTagég

+ control classes: specify business logic function
— Emxeipnuariki Asitoupyieg

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 40
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TTapddeiypa: Aidypappa KAdoswv ZuoTtrpatog Kpdthong
PavtepoU (evvoloAoyiko emiredo)

amount Scifpdulos = 0.."

~insurance carror

provides »

MEDICAL HISTORY

Loads to »

“make appointmaent()
oalculatlo last visit()
+oharge status()
+provides medical history

0. 0.~

ADMINISTRATIVE

L
4
b3
n
"

0.
1

narate foo(}

APPOINTMENT

=time
ety
-roason

soancal without notice

0.~

sullar »

has schoduled »

DOCTOR

U, of

Donnis: SAD

~madication
sinstructions
~symplom soverity

~desaription

Taken from Dennis et al. 2005

a4

TMapddeiypa: Aidypappa TTakéTwy Tou ZuoThpato¢ Kpdrthong
Pavrepou

MO Layor ‘

Presentation Logic |

P Layor ‘

Application Logic |

OM Layer

l Data Access Logic l

|

Data Storage

|
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TToie¢ kAdoei¢ va BdAoule o€ Eva manéro,
Which classes to put in which packages ?

AUO VEVIKEG QPXEG:
+ Common Closure Principle
— the classes in a package should need changing for similar reasons
« Common Reuse Principle
— the classes in a package should all be reused together (semantically close)

These principles drive us to the notion of cohesion

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas, Fall 2005 43

TTakeTomoinon KAdoswv: ZupPouAéc

A well structured package
* is cohesive (providing a crispy boundary around a set of related elements)

* is loosely coupled (exporting only those elements other packages really need
to see and importing only those elements necessary and sufficient for the
elements in the package)

* is not deeply nested (human understanding is limited)

Cohesion =cuvekTikdTNTa/0UVOXT, Cohesive = OUVEKTIKO
coupling = oUCeugn, loosely coupled = xaAapd euypéva

Packaging relates to clustering

U_ of Crete, Information Systems Analysis and Design Yannis Tzitzikas. Fall 2005 44
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Ouadomoinon
Clustering

Clustering is the process of grouping similar objects into naturally associated
subclasses.

This process results in a set of “clusters” which somehow describe the
underlying objects at a more abstract or approximate level.

The process of clustering is typically based on a “similarity measure” which
allows the objects to be classified into separate natural groupings.

A cluster is then simply a collection of objects that are grouped together
because they collectively have a strong internal similarity based on such a
measure.

A similarity measure (or dissimilarity measure) quantifies the conceptual
distance between two objects, that is, how alike or disalike a pair of objects are.

— Determining exactly what type of similarity measure to use is typically a domain
dependent problem.
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OuadoToinon
Clustering

clustering of a set N is a partition of N, i.e. a set C,,..., C, of subsets of N, such
that:

Ciu..uC =N and C;nC; =9, forall iz.

Clustering is used in areas such as:
— medicine, anthropology, economics, soil analysis, data mining

— software engineering (reverse engineering, program comprehension, software
maintenance)

— information retrieval

In general, any field of endeavor that necessitates the analysis and
comprehension of large amounts of data may use clustering.

Packaging relates to graph clustering
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Ouadomoinon Npdgou
Graph Clustering

» Graph clustering deals with the problem of clustering a graph
— grouping similar nodes of a graph into a set of subgraphs
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TToloTikd KpITAPIA HEBGdWY opadoTroinong ypdewy
Quality criteria for graph clustering methods

Graph clustering methods should produce clusters with
high cohesion and low coupling

* high cohesion:
— there should be many internal edges
* low “cut size”:

— The cut size (else called external cost) of a clustering measures how many edges are
external to all sub-graphs, that is, how many edges cross cluster boundaries.

* Uniformity of cluster size is also often desirable.

— A uniform graph clustering is where |Cj| is close to |C| for all i,j in {1..k}
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Cut size =2
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MéTpa TToidTnTac yia opadomoinon ypdewy
Quality Measures for Graph Clustering

» There are several. One well known is the CC measure (Coupling-Cohesion
measure)

Einl_lEexl
[E|

CC:|

« EM the “internal” edges: those that connect nodes of the same cluster
+ E®x the “external” edges: those that cross cluster boundaries
* maximum value of CC: 1
— when all edges are internal
* minimum value of CC: -1
— when all edges are external
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Iepapxikh Opadomoinon Mpdewv
Hierarchical Graph Clustering

* The clusters of the graph can be clustered themselves to form a higher level
clustering, and so on.

» A hierarchical clustering is a collection of clusters where any two clusters are
either disjoint or nested.

E
D
B
B A °
8 e 2 8
(& “ &, C
@v@ya @v@vﬁ
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Iepapxika Opadomoinpévog Mpdpog
Hierarchical Clustered Graph

A Hierarchical Clustered Graph (HCG) is a pair (G,T) where
G is the underlying graph, and
T is a rooted tree such that the leaves of T are the nodes of G.

(the tree T represents an inclusion relation: the leaves of T are nodes of G, the internal
nodes of T represent a set of graph nodes, i.e. a cluster)

E
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2.UveTtayopeveg AKHEC
Implied Edges

Implied edges: edges between the internal nodes.
Two clusters are connected iff the nodes that they contain are related.

Multiple implied edges (between the same pair of clusters) can be ignored or
summed up to form weighted implied edges. Thresholding can applied in order
to filter out some implied edges

A Hierarchical Compound Graph is a triad (G,T, I)
where (G,T) is a hierarchical clustered graph
(HCG), and I the set of implied edges set.
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TTakéTta ka1 Opadomoinon Mpdewy
Packages and Graph Clustering

loiog givai o ypdeos G=(N,E) otnv mepimrwon uag?
* N: KAdoeig
« E: o1 didgpopeg oxéoelg e€apTNONg
— OOWIKEG, TT.X. CUOXETIOEIG KAATEWY
— OUUTTEPIPOPIKEG, TT.X. Ta BEAN aTa SlaypAUUaTA ETTIKOIVWVIOG
— O1 ammAég e€aptAaelg (TT.X. AOyw TTAPaUETPWV)
— ‘“semantical” (similarity of use/purpose: hard to infer automatically]

lMoiog €ivai o 1gpapyika opadorroinuévog ypapog (G, T, I) otnv TepIiTTTwon pag?
« G (61Twg TTPIV)
e T
— ®UMa Tou T: o1 k6ol Tou N (dnAadn ol KAAoEIG)
— Eowrtepikoi kOpPoI apEéowg Tavw atrd Ta QUAAA: TTOKETA
— Eowrtepikoi kOpPol uwnAOTEPOU ETTITTEDOU: TTAKETA TTAKETWV
I: o1 ouvetrayOueveG OKUEG €OW Eival EEAPTATEIG PETAEU TWV TTAKETWV
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Packaging and Clustering: Homework

+ Assume we have an implemented system whose classes are not
packaged.

» How could you partition them to packages?
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TTepiAnyn
Summary

» Alternative strategies to design and create the new system: Custom building, packaged
software, outsourcing

» The object-oriented approach to analysis and design is based on use-case modeling, is
architecture centric, and supports functional, static and dynamic views of the system.

* When evolving analysis into design models, it is important to review the analysis models
then add system environment information.

* Packages and package diagrams help provide structure and less complex views of the
new system.

Set the context

Cluster classes together based on shared relationships
Model clustered classes as a package

Identify dependency relationships among packages
Place dependency relationships between packages
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