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« Component Diagrams (Alaypdupata E¢aptnudtwy)
* Deployment Diagrams (Alaypdauparta lNaparagng)
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1 Baoikég epwTNOEIC
Key questions

O1 uTTOAOYIOTIKEG TTAATPOPUES aTTOoTEAOUVTAI ATTO UAIKO, Aoyiopikéd (PLs, DBMSs)
Kal dIKTUWON

lNoia TAar@dopua givai o KaraAAnAn yia auté 1o mANPo@opIako

ouarnua; =
T
¢

* [wc¢ va emAééouue 10 UAIKO (hardware);

» [wc¢ va emAééouue 10 Aoyiouiko (software);

* [lwc¢ va emAééouue n dIKTUWAON (networking);

* [lw¢ va eKQPACOUUE TH QUOIKA APXITEKTOVIKY (UaBnua 18) Tou
ouaTNUATOC UE HIa OTAVTaPT JIAYPAUUQATIKI UOPPA;
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Aiaypdppara E€apTnpdarwy
UML Component Diagrams

Cable Path

Top Pully Latch

Frame

1~

Simplified Component Diagram




Component Diagrams (diaypdupara e§apTnudTwy)

« Component:

* dependency:

Component Diagrams show various components and their dependencies

— physical module of code (like package, class, or even file)

— change dependency (e.g. communication dependencies, compilation dependencies)

2UMBOAICOI :
UML 1 UML 2
E
ul ul
!« dependency — i
v v
%Database Database

U. of Crete, Information Systems Analysis and Design

%5 ProductList % ProductDisplay

AN

%5 Configuration

% Purchase

% OrderTracking
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Ta XxapakThpioTIKA evog e€apTANATOC
The Characteristics of a Component

 a unit of independent deployment (never deployed partially)

component

« sufficiently documented and self-contained to be “plugged into”

other components by a third-party

* it cannot be distinguished from copies of its own; in any given
application, there will be at most one copy of a particular

 itis a replaceable part of a system (can be replaced by another
component that conforms to the same interface)

« it fulfils a clear function and is logically and physically cohesive
» it may be nested in other components

[Szyperski 98, Rumbaugh et al. 99, Maciaszek 2005)]
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Components are like classes and packages
— can be connected through interfaces

Components are about how customers want to relate to

software

 they want to be able to upgrade it like they can upgrade their stereo (in
pieces)
 they want to mix and match pieces from various manufacturers
— reasonable but difficult to satisfy

So we could define a component as:

— a logical and replaceable part of a system that conforms to and
provides the realization of a set of interfaces

— an independently purchasable and upgradeable piece of
software
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i ECapThApaTa Kai oXETIKEC EVVOIEC
Components and related Notions

Component

— areplaceable part of a system that conforms to and provides the realization of a set of
interfaces

Interface:

— a collection of operations that specify a service that is provided by or requested from a class
or component

Port

— a specific window into an encapsulated component accepting messages to and from the
component conforming to specified interfaces

Part

— (an internal component) the specification of a role that composes part of the implementation
of a component.

Internal structure

— the implementation of a component by means of a set of parts that are connected together in
a specific way

Connector:
— a communication relationship between two parts or ports within the context of component

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




4 E€apThpara kar Aiemagéc

/: Components and interfaces

Motion

----------- > Imaging

level of
detail

Motion

required Provided
interface

interface %
2] —< Q— Imaging

usage iz ati EI
Motion k=== === 5| <<interface>> iea_llz-e-:tfn- Imagin
: imageObserver ging
imageUpdate():Boolean
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4 E€apthpara kar Aiemagéc (IT)
Components and interfaces (IT)
required Provided
E interface interface
Client —(( ——— Server
- Multiplicity: ;
. We can have several clients | -
----------------------------------------------------------- T LR
= ]| %
Client —(( ——— Server
Web pE * ( : GOOQEI
(client) < web service
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TTapadeiypara e€apTnudTwy
Fine-grained Components: Example

We could use component diagrams for
modeling more fine-grained
components (e.g. files).

<<Header>> | _<_<1nc|udes>> <<Body>>
Products.h Products.cpp
<<Object Code>>
SalesOrder.o
t
1
]

<<Executable>>
Application.exe
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Coarse-grained components: e.g. Layers

Layer3 = ]
e , b ﬁ
Layer 3 l 1
\:“_ _________ c El d] El
| _EVET S i | Layer 2
| Layer 2, v | Internal structure of component
| Layer 1" | :
Layer 1
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il EowTepikh Aopn EEapTnpdrwy

Internal Structure of Components

lex:Lexical Analyzer

Compiler =l

parse:Parser

gen: Code Generator
A A

opt:Optimizer[1..3]

—{( ) compile

part name part type

U. of Crete, Information Systems Analysis and Design
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part multiplicity
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b, ninyA:http://odl-skopje.etf.ukim.edu.mk/uml-help/

Suppose that we need to build up a software for playing a music from a CD-
ROM Drive. A visual programming language might be used (VisualBasic or
Delphi for example). If language supports multimedia controls, than we
can use its components and reprogram them if necessary, or we can
program new components. One possible graphical design for our player

might be:

A Music Player

UML MUSIC PLAYER

[2] Eject [w]r1 [»]Fiay [w] FF [m]Stap [n] Pause

U. of Crete, Information Systems Analysis and Design
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(ouvéxeia)

As you can see this UML Music Player needs these controls:
- play stop eject pause fast forward rewind power

These controls will be realized by buttons, thus we'll have a button performing
these controls. If we look at buttons as separete components, we can draw out a
component UML diagram. This is shown on the following picture.

All the components shown on the diagram belong to one global component -

Button, but actions they perform are diferent. We must obtain these actions by
programming them.

U. of Crete, Information Systems Analysis and Design
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Ports permit the interfaces of a component to be divided into discrete packets
and used independently

The externally visible behaviour of the component is the sum of its ports.

port name

pOFt Interface name
/
Booking /

attractioqs J

/
'q

Load Attractions

Credit Cards>—

charging

/

Ticket Seller

5]

normal
| sales

C Ticket Sales

—O Ticket Sales
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priority
sales
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2uvdéovrac E€apThuata
Connecting Components

« Components can be connected by wiring together their ports
— connector: a wire between two ports

_CQ_ connector by interfaces

delegation connector

(connect an external port with the port of a part
component)

direct connector
(more tight coupling)
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some more examples

DataAccess %j
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Case Study: Component Diagrams in Enterprise Architect




| Component Diagrams in EA

+ The Component Model defines how classes, artifacts and
other low level elements are collected into high level
components, and the interfaces and connections between

them.

« Components are compiled software artifacts that work
together to provide the required behaviour within the
operating constraints defined in the requirements model.

L

Component

1 Package

=2 | Component

B Class

+=0 Interface

™ Object

0 Port

T2 Expose Inteface
Artifact
Document Artifact
== Azzembhy

/" Delegate

/ Bssociate

" Realize

7 Dependency

' Trace
A Generalize
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The construction of low-level
components into larger parts of the
system are shown on the Firewall
Component diagram. WEL
] B —
AcceptReg uest[:-{:} TransformXML{) O Stylesheets

ForwerdReguest(}l »——

Return RESp:;nEE'{:-O—
Interfaces are modeled on
the disgram using the E

— Web Se
Interface or Exposed el A= rwer ASP Pages
Interface elements. oRequesty O_
. COM+ Component Envi}A‘lt
The collection of sorme
components within another [77777777777
are modeled here. Business Logic
ProcessSQLRequest J— Cracle Database
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In practice, components diagrams are sometimes depicted
in a less formal and more liberal graphical notation

Compiler =

lex:Lexical Analyzer parse:Parser

—( ) compile

gen: Code Generator| | opt:Optimizer[1..3]

Compiler
Lexical Analyzer Parser
Code Generator Optimizer

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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FASTAXON (functional) architecture

Formulate expressions

Derive navigational trees

Define and update
taxonomies
through a GUI

using a GUI .
g dynamically
. . Object Indexer/
Designer Designer End User
A A
v /|
Expression Nav. Tree
Builder Generator .
Check the validity of a
Taxonomy | | | compound term
_t  Editor | Validity Checker

| Storage Manager
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MySQL
Apache
Java
I JSP
! IExlorer
Store taxonomies and algebraic
expressions using a relational
DBMS
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 25
Knowledge Manager
Knowledge Manager
Access Evolution
Services Services D APIs
 Navigation * Updates
* Querying * Revision
Knowledge Query and Update | , _ _ _ _ _ | - - - RQL/RUL
Repository Languages
Ontology | <= === - -1 ~ RDF, RDF/S
Metadata
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.
RQL FORTH
RDF Suite Architecture “;Qf;@ Ics

ORDBMS
ICS-VRP ICS-RQL Interpreter
Ay — | Ay
o
<C
Parser Class Property > .
- i e Typing
~ % [c_name | [domainfp_name]” range [ 5 %
= © [ Artist | [ Artist [creates['Artifact | "3 LIB o Graph
o JDBC | I | [ ME| c++|w
VRP Internal| — < > = @) Constructor
LL —p
RDF Model | ~ sQL3 | SubClass SubProperty [ix soQL3 g
ol [ subcl | supcl | [ subpr | suppr | (f =S
[Painter| Artist | [paints [creates] [fen o
e o o = e
3
Artist creates
[ uUrl ] [source] target ||
[ | [ | |
M | | |
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Hypermedia
data models/
exchange formats

Hypermedia
Applications

/

Presentation model

Information model

/ \
Structured i
uewred | [ ogial [} | o

Semantic network-based Information Repository OS/tool storage
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Aiaypappara Tlapara&ng
UML Deployment Diagrams

Deployment Diagrams

(81aypdppata avantuéng/olvraéng/mapdBeong)

Shows the physical relationship among software & hardware

components in the delivered system

Node:

» computational unit (hardware)

— e.g. PC, sensor, mainframe,
mobile device

Connection (among nodes)

« communication paths over which
the system will interact

%/ D notation

E‘ < Q notation
L[}

T

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas
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§ Eva didypappa mapdTtaing

om0 O [Frii e
=T
Il -
DB Server Web Server Clients/Terminals
Client
DB Server Web Server
Client

U. of Crete, Information Systems Analysis and Design
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Deployment Diagrams> Nodes
* Physical element (with memory and
processor)
Backup Server Sales PC .
P * With nodes we can model the
s o topology of the hardware of a system
laptop
possible representations
R Sofoklis:CompagPresar
g 01800
RAM=256MB
speed=X mHz
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Deployment Diagrams> Connections

RAID farm

e <<serial line>>
o <<satellite link>>

kiosk * 10-T Ethernet
server
RS-232
console
Connections

— Ethernet, serial line, satellite link
— we can use stereotypes to distinguish them to types

U. of Crete, Information Systems Analysis and Design
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Deployment Diagrams> Connections

Browser Client

Rich Client
{OS=Windows}

Internet/http LAN/http

Web server
{OS=Solaris}

Application Server

{web server=apache}
{number deployed =3}

LAN/Java RMI
A

Networking type + protocol

U. of Crete, Information Systems Analysis and Design
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1 TTapioTdvovTag TNV KATAVOUA TWV TEXVOUPYNUATWY
P Modeling the Distribution of Artifacts

kiosk * 10-T Ethernet

pm—

user.exe )

server
memory-2GB ——— RAID farm
speed=mHz
sadmin.exe
< backup.exe
M —
RS-232
console
—
< admin.exe
config.exe
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4 Example

+ A WAR file (short for Web ARchive) could be a JAR file used to distribute a
collection of JavaServer Pages, servlets, Java classes, XML files, tag libraries

and static Web pages (HTML and related files) that together constitute a Web
application.

— A WAR file may be digitally signed in the same way as a JAR file in order to assert
that the code is trusted.

» There are special files and directories within a WAR file.

— The /WEB-INF directory in the WAR file contains a file named web.xml which defines
the structure of the web application. If the web application is only serving JSP files,
the web.xml file is not strictly necessary. If the web application uses servlets, then the
servlet container uses web.xml to ascertain which servlet a URL request should be
routed to. web.xml is also used to define context variables which can be referenced
within the servlets and it is used to define environmental dependencies which the
deployer is expected to set up. An example of this is a dependency on a mail session
used to send email. The servlet container is responsible for providing this service.
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Example (cont)

Create a deployment diagram that shows a Java web application where the web
application web archive jar is deployed to a Tomcat application server.

e

<<@iecution environments:s

Tomcat \

webapp.war

Any of the following 3 drawings is correct

_"_,-r"
<<@xecution envircnments:s ccartifactss D wedaployz= c<axecution environment==
Tomcat webappwar [ T" """ Y Tomcat
<<artifacta= D
webapp.war
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2 uvdudlovTtac diaypdupara E€apTnudtwy kai TTapdra&ng
Combining Component and Deployment Diagrams




3 TTapadeiypa
minyA http://odl-skopje.etf.ukim.edu.mk/uml-help/

==Device==
Monitor

=<Processar=s /

CPU

- _L Front =
nodovy 9IS - Page ==Device==
o Prirter

o

7
Imterret
i %fficega Explorer

==Devices=
fouse
Dos
Turbo ==Devices=
Pascal Keyhoard
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ToS Node
ToS Mode
Tos Node ]
Tos Tos client
requests
©
PostgresgL ™
¢ o),
Tos
updates

SqL file

Database
Loader

LookupService
e e O—

ToS registration ToS lookup
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Another example:

==Devices=
http://odl-skopje.etf.ukim.edu.mk/uml-help/ T
| —_—
H PC ==Devices=
» Deployment diagram for ETHERNET
[
P ==Device==
[™~] T-Connector
—
==Device==
T-Connector
— 1
Terminater
==Device==
Repester
==Device==
Terminator
— I
FConnator
!
P ==Device==
~1-—_| T-Connectar
—
==Device==
Terminstor
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Combining Component and Deployment Diagrams:
Example
| Presentation Logic Server
| Application Logic |
| Data Access Logic | App_hcatlon E Client
Logic
| Data Storage | | Internet/http
o ¥ PresentatimE|
— Data AccesEl Logic
g Logic
= :
1
L | 1p2 ¥
Server Data Storag;EI
Clients/Terminals
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1

WebServer
Browser - Http/internet {os=linux}

; —
Client : e {module=apache}

/}_____‘———_
communicaiton
pati

orderClientWeb.war

device Hode

Java RMI/LAN

Application Server
{os=linux}
{module=jBOSS}

deployed
artifact s EJB
N '
ao Container
) \Jorder_mudule.ear
execution Loy
evvironment node
\ JOBC
| MySQL
Edited By Keaming Wang
http:/ foen, kenming. idv. tw
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Combining Component and Deployment Diagrams:
Notes

» If we try to show all the components of a system in deployment
diagrams they are will probably become very large and difficult to

read.
« So we usually depict the key elements

» Alternatively, (in case we want to show everything ) we can use a
table to denote artifacts and their locations (e.g. use Excel)
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§ Hardware and Software Specification

* We have to specify the new hardware or software that must be purchased

» Actual acquisition of hardware and software usually left to a purchasing
department -- especially in larger firms

Realities in Infrastructure Design
* Most often the infrastructure will be already in place

» Coordination of infrastructure components is very complex
— The application developer will need to coordinate with infrastructure specialists

Steps in Hardware and Software Specification

* Note hardware in low-level network model to create list of needed hardware

* Describe equipment in as much detail as possible

+ Consider whether increased processing and traffic will absorb unused hardware capacity
* Note all software running on each hardware component

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 45

P’ Hardware

« Commercial/Business

— Mainframes, Commerial Minicomputers, Microcomputers (Wintel: Windows on Intel),
Embedded Systems

» Technical/Engineering

— Supercomputers, Workstations and Servers (Sun SPARC), Microcomputers,
Embedded Systems

Some distinctions:

* Open vs Proprietary
— Proprietary: available by only one vendor (higher prices, low interoperability)
— Open: available from many vendors (better prices, better interoperability)

+ Black-Box vs Glass-Box
— Black- box: only the vendor has access to its internals (e.g. bank ATM)

— Glass Box: internals are accessible by the user, may replaceable by other vendor
» Free UNIX derivatives (Linux, BSD) on Intel x86 with source code are glass-box systems
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Local Area Network
— short-distance (one building)

Backbone

— medium distance (campus)
Wide Area Network

— long-distance

Remote Access
— via phone / cable TV/satellite

U. of Crete, Information Systems Analysis and Design
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AikTOwon
Networking

LAN

Backbone Network

+ Ethernet

— 10/100 Mb (1Gb fibre)

— Inexpensive, widely used
+ Token Ring

— 4/16 Mb

— Not often used
* ATM (copper)

— 155 Mb (622Mb fibre)

— Expensive, complex,
flexible, high-overhead

100 Mb (fibre) or
Gb Ethernet
— fast, inexpensive,
simple
FDDI
— Old 100 Mbit
(increasingly
obsolete)
ATM

— 155 Mb, 622 MB

WAN

Long-distance line
leased from telephone
companies

Satellite links sometimes
used

Remote Access |°

Accessing a LAN or internet via phone/cable TV service

— work from home, access when travelling, home internet service
— Usually PPP over modem or cable modem

 DSL services

U. of Crete, Information Systems Analysis and Design
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Wireless

« |EEE 802.11 is a set of standards for wireless local area network (WLAN)
computer communication in the 5 GHz and 2.4 GHz public spectrum bands.

» Although the terms 802.11 and Wi-Fi are often used interchangeably, the Wi-Fi
Alliance uses the term "Wi-Fi" to define a slightly different set of overlapping
standards.

« 802.11b and 802.11g use the 2.4 GHz ISM band, operating in the United
States under Part 15 of the US Federal Communications Commission Rules
and Regulations. Because of this choice of frequency band, 802.11b and g
equipment may occasionally suffer interference from microwave ovens and
cordless telephones. Bluetooth devices, while operating in the same band, in
theory do not interfere with 802.11b/g because they use a frequency hopping
spread spectrum signaling method (FHSS) while 802.11b/g uses a direct
sequence spread spectrum signaling method (DSSS). 802.11a uses the 5 GHz
U-NII band, which offers 8 non-overlapping channels rather than the 3 offered
in the 2.4GHz ISM frequency band.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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«©

i€ T} Wireless (cont)

Gy

'VER

Range Range
(Radius (Radius
Data Indoor) Outdoor)
Protocol Release Op. Throughput Rate Modulation
Date | Frequency (Typ) ‘ Technique | Depends, # Loss
(Max) .
and type of |includes one
walls wall

Legacy |1997 2.4 GHz 0.9 Mbit/s 2 Mbit/s ~20 Meters  |~100 Meters
802.11a |1999 5GHz 23 Mbit/s i?bit*’s OFDM ~35 Meters  |~120 Meters
802.11b 1999 24 GHz 4.3 Mbit/s iibit«"s DSSS ~38 Meters  |~140 Meters
802.11g 2003 2.4 GHz 19 Mbit/s ;}11)1 Vs OFDM ~38 Meters | ~140 Meters

fune 2.4 GH 248

[4] |20z it/ _ 70 Meters |~ [otar

802.11n 2009 5 GHz 74 Mbit/s Mbit/s 70 Meters 250 Meters

(est.)

June 54 5000

i [4] |3 3 Mbit/ S . ~J

802.11y (20(28) 3.7GHz 23 Mbit/s Mbit/s 50 Meters Meters

est.
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Deployment diagrams are usually depicted
in a less formal and more liberal /vivid graphical notation

Java Application
% Message Queue
z§§ Directory Service
% %GDHBA

JHDI

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

RDEMS
% %Mml Server

52




Deployment Diagrams: Examples (Fastaxon)

Web clients
(IE browsers)

DB
(MySQL)

HTTP/JDBC

Web server and
application server,
(Apache, Tomcat)

U. of Crete, Information Systems Analysis and Design

Object indexer client

e

Wt trowser End user client

\'-'J'cb server

Deployment Diagrams: Examples

Phene

Wy

Village: Town

U. of Crete, Information Systems Analysis and Design
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Deployment Diagrams: Examples

.

— Lhaliimadia

CW&!{@K Scignce. Network

% ’
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: Examples
Oita Unbve. I
Coatrolber,
TRl
DJ;‘ | | (& %
T | Reuter, ete. [ g]l " Kyushu Univ,
_— . {Hakozski Campus)
Metearnlagical
WS
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Deployment Diagrams: Examples

Wireless Mobile
Computer

o

PC Based
Scanning
Stations

Corded
Scannar

Wireless
Access
Paint

ERP
Process A :mun?il;\g Customer
Control System Ralationship
Systems M it

Lacal Araa Nebwork

N
=

D
z a@‘?;

Welghing ]
Scale

Real-Time

Database  Supervisors, Managers
Sarver and Customer Service
RFID Tag &
Barcode Label RFID
i Portal
Frinting Control
Station

I

—

B |

Ermployes Badge

Local Area Netwark
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Deployment Diagrams: Examples
ERP or
u Wireless Vendor Accounting Customer
Access Systems tems
Point 26 System e
Scanning % j
=0 Station
PNy Corded u—
Wireless Mobile ; 5“"‘"}3'.. i
Computer 1 ?
” BELLHARY E *‘ :Lﬁ
P - “‘gcﬁ
Local Area Network Material Tracking
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Deployment: Reading and References

+ UML Distilled: A Brief Guide to the Standard Object Modeling Language (3rd Edition) by Martin
Fowler, Addison Wesley, 2004. Chapter 8, Chapter 14 (2nd Edition: Chapter 10)

+ The Unified Modeling Language User Guide (2nd edition) by G. Booch, J. Rumbaugh, I.
Jacobson, Addison Wesley, 2004 Chapter 27

* Requirements Analysis and System Design (2nd edition) by Leszek A. Maciaszek, Addison
Wesley, 2005, Chapter 6

* Object-Oriented Systems Analysis and Design Using UML (2nd edition) by S. Bennett, S.
McRobb, R. Farmer, McGraw Hil, 2002 , Chapter 19

» http://www.agilemodeling.com/artifacts/componentDiagram.htm
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