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Course Q&A

Please ask any question (or post them in Echo360
lecture Q&A area)




Course Q&A

I'll address the first question here: What events and attendance options we
have?

Interactive events

- Lectures, in Lappeenranta (you can replace these by watching videos)
- 2x long seminars in Lahti

- Exercises, on both campuses (plus online)

There’s a tiny point bonus from coming to work with us on these.

Materials

- Online lectures
- Coursebook

- Other links




How we’ll proceed today

- I'll introduce the topic with a short, 30 to 45min lecture
- Then, we'll proceed to work on analyzing the course project

- Lastly, groups are welcome to post their analysis on the course
project assignment before the end of aday toaay (for a small point
reward)

- There will be more in-depth videos posted online (on UML and
modeling)

The small point rewards from interactive lectures, weekly exercises,
and seminars overlap => it is enough to do one, or part from each

Weekly assignments are the main “big effort” before the course
project. (10%)
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WHAT IS SOFTWARE?

Software Software: A compilation of
interconnected
components (also called
modules) which exchange

Component Component data to get things done.
1 2

Component (also
module): A part of

Component / software system, usually
/ Module N responsible for managing
Component one activity or role such
3 as GUI drawing, event

listener, networking etc...
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WHAT ARE OBJECTS?

Software Components (or
Component modules) are also formed

Component | — | 2 from a group of objects,
1 which exchange

I information to enable the

Component / Module N component to work.

COmponentl\ Object1 f~_ Objects are formed based

3 Object 2 _ _
/L on defined classes, which
Object 3 are written in source code,

and created by

Object N programming work to do
routines and manage
messages.




WHAT IS SYSTEM?

System
Software
Component Crg?nrg;ﬁgt |
connections \\I
— |

Component Object |~ Obiect

managing

hardware "~ == /
Object

Possible hardware: keyboards, touch
screens, screens, gamepad, mouse,
heat sensors...

Component/Module || == === === ======== -~

System usually refers to
the entire functional
product, which may
include connections to
other systems, hardware
which is required for the
software to work (sensors,
keyboard+mice, gamepad
etc...) and everything else
connected.




Review: object oriented concepts
and thinking

0 What is an object and what is a class?
O Messages

0 Inheritance

0 Polymorphism
0 Abstraction

o Uses for objects
0 Benefits and drawbacks of object orientation
0 Object oriented technologies




Class or object?

Bark Bark!
Class
HAttributes, state variables
.Services, methods
o Class
= A set of similar objects that have same
attributes and behavior Fido :
o An object has Dog
= identity Name: Fido
= privacy (it acts independently) Age: 3 years
= class
= state (attribute values ~ member variables) Dog
= behavior (services ~ operations ~ methods) E&Name
EAge
"SBark()
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Objects react to messages

Account Account object = instance of Account class

&% Customer Customer: <Customer object>
EXNumber Number: 123456
(@ Balance Balance: 3500,-
@lnterest Interest: 1 %

QDeposit() A

Qwithdraw() message

SGet balance() Get balance

O A message causes an operation execution in an object
= Operations are stored in class definition
= Operations are common to all class instances (objects)
= Each object has its own state = attribute values
= Method = operation implementation
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Encapsulation and information
hiding
o Information hiding

= Hiding of design decisionsin a computer program that
are most likely to change, thus protecting other parts
of the program from change if the design decision is
changed (Parnas, 1972)

= A module should implement and hide only one design
decision and reveal as little as possible about its inner
workings and data

0 Related concepts
= Cohesion
= Coupling
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Cohesion

0 The extent to which an individual module is self-
contained and performs a single well-defined
function

0o High cohesion

= The module has strongly related and focused
responsibilities

0 Low cohesion

= The responsibilities are varied and use unrelated sets
of data
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Coupling

o The degree of interdependence of modules
o High coupling

= A module modifies or relies on the internal workings of another
module

= Change in a module requires a change in the dependent module
o Low coupling

= A module interacts with another module through a stable
interface and does not need to be concerned with the other
module’s internal implementation

= Change in a module does not require a change in the other
module
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Encapsulation

o A well-designed module should have highest
possible cohesion and lowest possible coupling

0 Encapsulation
= An object oriented term for information hiding
= Binding of data and methods into an object

= The internal structure of an object is hidden from
other objects

= The object has an interface that it reveals to other
objects — everything else is hidden

= Aims at low coupling and gives possibilities for high
cohesion
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Inheritance/generalization

= A subclass inherits all
properties of a super class:
attributes and operations

= In addition, a subclass has its

own attributes and operations Superclass
m A subclass can override the
operations of its super class
o In UML terminology, Z}
|nher|ta_nce_ IS CE]”ECI Classl Class2 Class3
generalization
Subclassll Subclass? Subclass3 Subclass4
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Properties are polymorphic

Student Budget
E2Name EDate

o Polymorphism

= The process of using an BSPrint() BSPrint()
operator or function in

different ways for _
different given inputs Invoice

= A message does not need |BE¥Date Person Id
to know OV\‘I ttr)\e
operation will be :
performed = low [8Pprint() B®rrint()
coupling
= Objects of several classes
can react to the same Circle
message ord-document
= Objects of several classes . =2 Name
may have the same [Sprint()
attribute .Print()
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Classes are abstractions

Real world Model

Abstract Concepts Regﬁiﬁsﬁips

Events
Things Objects/instances
Concrete Phenomena Attribute values

o In object oriented design, models are made from the
problem domain (often the real world)
= Business models, data structures, conceptual models, etc
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DESIGN WITH OBJECTS

So why did this Software Engineering —course turned into an intro to
Object-Oriented programming?

Because objects are a tool which provides us the functionality to
design without implementation!

There is no inherent shape, form or look for software component,
class or object, so we need a language to express our designs.




Abstraction

O Concentration on essentials
m Leave out inessentials
= Purposeful simplification of things

O Forming of general concepts by simplifying things
O Modeling

O Main ways of abstraction
= Classification — individualization
"Fiat 500, reg.no GLL-86" is an instance of "Car”
= Generalization — specialization
A ”Car” can be specialized to a "Sports car”
= Aggregation (combination) — separation

”» »

A ”Car” is composed of four "Wheels”, "Body”, and "Engine”
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An object has an interface and it
encapsulates its properties

0 The interface encapsulates object properties

o Information hiding: the data is not accessed

directly but through the defined operations in
the interface

0 Hiding of complexity from the class user

0 Enables better change management and reuse
= Under the interface, the implementation is free
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Benefits of object-orientation

o Use of natural human ways of thinking
= Real world vs. model
o Encapsulation helps change management
O Reuse becomes easier through inheritance and encapsulation
o Iterative development becomes possible
= Design first the interfaces, then implement the functionality iteratively

o Use of same basic concepts through the development life-cycle

= From requirements to implementation one speaks about classes and
objects
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00 technologies: OO
programming languages

o Pure OO languages

All variables except basic data types (int, float, char, etc.) are objects
Typically there is one class hierarch with the root class Object

Java, C# (.NET framework) Smalltalk, Eiffel

Garbage collection: automatic memory management

Late binding

o Hybrid languages

Often extensions to more traditional languages

It is possible to program both in OO way and procedurally

No automatic memory management

C++, Python, Visual Basic, Object Pascal (Delphi), Modula, Ada
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Object-oriented analysis and
design / history

o In the 1980’s it was noted that there is a gap between
different parts and phases of the development lifecycle

= A conceptual database model and a hierarchical functional model
were often designed separately

Or: only the other was really designed

» The database model and functional model did not
correspond to each other

The functional model relied on wrong data structures

The database model did not meet the requirements of the
functionality

= Gap between requirements specifications and designs
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History continued

o It was believed that with object oriented concepts these
gaps would be smaller

= Class and object are quite natural concepts to humans
(concepts, things, objects, events, etc.)

= Service thinking: what services are offered by an object?

= Message thinking: what messages does an object
understand and what it reacts to?

m Abstraction

= Distributed applications and their interfaces brough a
natural environment for object-oriented analysis and
design

Service interfaces
Independently functioning objects
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Benefits of object-oriented
analysis and design

o Usually, the following ones are seen as the benefits
= The same basic concepts are used in all phases
Object, class, service, message

= One description language that becomes more detailed during the
life-cycle
Class diagrams, UML

= It is easy to use different service layers that can be later
distributed

E.g. User interface, application logic, database services

= Enables the hiding of complexity under the designed interface
Concentration on problem solving
Easy-to-use interfaces
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UML

o UML

= Unified Modelling Language

= Three OO legends, James Rumbaugh, Grady Booch and Ivar Jacobsen
joined together (Rational Software Corporation) and developed the UML
description language

= UML has become a global industry standard in the field of OO analysis
and design
All major companies committed (also in Finland)
An open standard defined by the OMG (Object Management Group)
http://www.omg.org/uml
= The development started in 1995, version 2 was accepted October 2004
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Characteristics of the UML

0 According to the original authors

= UML supports the whole life cycle from requirements
to deployment

= UML fits to most application areas (embedded
systems, administrative systems, etc.)

0 Good tool support

= E.g. Rational software architect (former Rose)
= StarUML, ArgoUML, ... (free)

0 Many process models that suit to UML
= E.g. RUP — Rational Unified Process
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WHY?

UML is not a development language, it is a design
tool which enables knowledge transfer and visual
presentation of ideas!

Use cases to define how the system should operate.

Class diagram to define how the internal parts should be
defined.

3. Deployment diagram to define the environment in which
the system will operate.

Additionally (if needed)

4. Sequence diagram to define client-server
communication.

5. State machines to define embedded system behavior.




FROM REQUIREMENTS TO

IMPLEMENTATION

customers Requiremen ts ) i
etc. Analytical architecture, UML

design, BCE-analysis




Modeling techniques in UML

u r— - \—L “Class _ |
e — — Use Case Diagrams s |
\—L Sequence Diagrams — Di(:bjr?a\(;:ls

Diagrams 1 g

u Collaboration Camponent

Diagrams Models J —1|  Diagrams
\—L Statechart —— \—L Deployment
Diagrams Activity Diagrams
Diagrams

o Above: UML 1.0 techniques
o Short introduction to the techniques follows
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UML DIAGRAM
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UML 2 Chart types

Structure
diagrams

» Class diagram

« Component
diagram

« Composite
structure diagram
(added in UML 2.x)

* Deployment
diagram

» Object diagram

» Package diagram

Behavior
diagrams

» Activity diagram

« State Machine
diagram (was
Statechart diag. in
UML1)

Use case diagram

Interaction
diagrams

« Communication
diagram (was
Collaboration diag.
in UML1)

* Interaction
overview diagram
(added in UML 2.x)

« Sequence diagram

* Timing diagram
(added in UML 2.x)




Class Diagram

m Describes the
concepts of the
system

Becomes more
detailed during the
lifecycle

= Purpose is to

Name and model
the concepts of the
system

Define collaboration
between concepts

Define database
structure

Company

aggregation

class 1 ?’_____F#,ff
. 1 * e multiplicity 1 ﬁme
- .'____,_/
Department Locatiorps Office
name : Name |~ —| address : String
0..1 voice : Number
constraint
role

member

\

Person

title : String

getPhoto(p: Phota)
getSoundBite()

getContactinformation()
getPersonalBecords() -

generalization

Headquarters

name : Name attributes
employeelD : Integer '
operations

‘/(;ontactl nformation

- >

address : String

PersonnelRecord

interface

[‘L\

dependency

taxiD
employmentHistory
salary

o)

ISecurelnformation




Component Diagram

Databccess
O Facilities
FauiJiEie5c
Encryplion
_,-"" D_
- Security
@ i @ el fl- { )
segulmar & Datafccess Accass Cantrol infrastrueiure
Management % _— Eadi
sl = e = NN
b, S Hlo—
N>
i =] =
EI Da‘aA% Seminar Persistence
S A\ Semin Persistence | <<infrastructure==
Administration b — — ﬁ- —‘?.-.':Q— - E \
B B \ | ;
ST PN g > le _I I|_ |
Dalaﬁ% O -
Schedul Schoedule :
LH e |
o] 21|
University VB

<<dalabase== DB

= Describes the physical structure of implementation

= Shows how the system is divided to components and how they are
dependent on each other

= Part of architecture description

= Purpose is to organize the source code, build executables and describe
the physical database
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Composite structure diagram

FibonacciSystem YWariable O
'_F___f_l'lu'ar
: FibonacciFunction war
i arz inc*ar1 depiar ey
var war war
/HMinus2 || / HMinus1 H - Wiewer [0.7]

0 Models classes, their interfaces and internal structures
with a hierarchical notation

o Shows also collaborations between classes
o Typically used for architecture design
0 Not a widely used notation — came with UML 2.0
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Deployment Diagram

Workstation

i‘ Keyboardfmonitor\;lj Web browser

User 'y

HTTP/HTTPS connection

Database Server Web Server

h 4

Presentation layel
(web interface)

r

Y

TCP/IP
% MySQL database| |prlocal sockef EE:l Database interfac% Log file

= Describes system’s hardware topology
= Part of architecture description

= Purpose is to describe distribution of hardware components and identify
the bottlenecks of performance
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Object Diagram

c: Company

di : Department d2 : Department

name = “Sales” ename = “R&D"

L

attribute value

d3 : Department

object —
name = “US Sales”

anonymous object
manager
p : Person / (
: Contactinformation

name = “Erin” <
employeelD = 4362 address = “1472 Miller St."
title = “VP of Sales”

= Shows object instances and their links
= Used to description of examples about data structures
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Package Diagram

<<gpplication=>
Semnar
Regigtration

o Shows dependencies between larger

Schedule
< .
x <<impon>> N
) | K
| = _1\"/
Student | Contact s<technical>>
|
Point Java Infrastructure
-=- b= -- = -3
d<impont> A
AR
] | ]
Professor
r.f_mpod:v>
______ <impot>2 .. -
<<mport

blocks of items called packages

o Used in architecture design and specification
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Activity Diagram

initial state
‘-_‘_‘___‘_‘_-___‘.w
Select site )

Models the Y
= 0 ) action state Commission architect )

dynamic U

behavior in an Develop plan )

event-oriented U

Manner Bid plan %_’
o Models

. sequentlal branch
bUSIﬂESS Inot accepted]
workflows [E‘ se] concurrent fork
actiuity state
V \V,r with submachine

Do site work ) (DO trade work() ®~ o hcurrent join

\'/ -//, object flow
: CertificateOfOccupanc
inish constructior} - - - > S

[completed]

final state
‘-‘-\"‘——-_\_‘_‘_‘_'_.
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Statechart Diagram/State Machine
Diagram

State Machine

final state —»
o

state N
ff / transition nested state

uard
/ / SN
initial state die erking/ J
— ready(3) [signalOK]
Cmnnecting]’\ ]

keepAlive / check()

internal transition

offHook / reclaimConnection()

o (.

action

Connected

= Describes the dynamic behavior in an event-oriented manner
= Models object life-cycles
= Models reactive objects (such as user interfaces, hardware, etc.)
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Use Case Diagram

| Place phone «extend» Place
/\ cal />~ T conference call
Cellular extends relationship
network
Receive «axtend» Receive

phone call additional call

use case

system boundary //.

Cellular Telephone

.
Q

& (

association

= Functionality from the user’s point of view
= Made early in the lifecycle

= Purpose is to define system’s boundaries, requirements and high-level
architecture

Use
scheduler
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Communication Diagram

Created —p - Order 1: getTotal() —- 1.1 *: getTotal)
. : Order : Orderitem
Checkout 1.2: 3.1: getinfo () —g
Customer orderTotal := | | ) -
calculateTotal{ 1.1.1: getPrice
2 dehim+ -~ {numberOrdered)
3.1: getinfoq} 3.1.1: getlnfuﬂ‘
: Credit 3: displayd| : Checkout
Card " Page ; tem

P ayment raje

2.1: reserve) —- : Payment

2.2 commit)—m | Processor
cogystems>

Collaboration diagram in UML 1.x

Describes dynamic behavior in a message-oriented manner
Models the interaction between objects

Describes a typical scenario

O 000
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Interaction Overview Diagram

sd GoHome Setup

!

r_ef)Authorization

FindLocation

:ServiceUser

eeeeeee

SetInvocationTime

o A form of Activity
Diagram with diagram
references

o Added in UML 2
o Rarely used
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Sequence Diagram

Student ‘EnrollinSeminar ‘SecurityLogon Seminar
c=gctor== <=controllers= gzl ==

| wish to enroIL— | |
| L |
| =:-:create:=-:=h |
| provides name_ |
| brovides student nurnber | theStﬂ |
| isValid(name, number) _| Student |
| oS
| fpeStudent _ | <H
| ;@R’idestroy}}
| ! getﬁwailable%eminars(): ‘u’ector-_

[
| i
|

X | .
o Describes the dynamic behavior in a time-oriented manner

o Models program behavior in a typical scenario

o UML2 has added graphics for iteration and conditions
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Timing

Diagram

td Tirming Diagram /

}i— fd..d=z1 —¥|
WaitAccess
i Code 0..13
8 wysitCard
Idle
Stﬁ"-t 1 1 1 1 1 ||:|H ﬁl"t+3}|
£
ﬁ MNoCard
=
4
T Ha=Card
d..d*3

3 GRS B
T
8
& Idle >< Wait Card b‘%itﬁu:ce%s Idle
]
[1]]
jun }
i i i i i i i i i i i i i i i i i i i i
ime (ms) 0 40 20 30 40 S0 &0 FO 80 90 100 410 420 130 140 450 160 170 180 490

o A diagram for real-time design
o State changes, timing constraints, value changes
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4+1 VIEW INTO ARCHITECTURE

Class diagram, Communication diagram, Component diagram, package diagram,.

sequence diagram, state machine diagram, object

diagram. . . .
Logical View Development View

Object model;

what components will be made, how, Use case diagrams Organization of the assets

will they behave. during the development work.

. (Which belongs to what)
Use-Case View /

Scenarios
Concurrency, synchronized Y femiint S withith
aspects. How things happen in ow system interacts with the How software and hardware
general. world and systems around it. are related; what system

looks like when finished.

Process View
Physical View

Activity diagram, timing diagram.

Deployment diagram
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