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O Object Oriented Concepts ;
Object Oriented Programming is not so much a coding
technique as it is a code packaging technique, a way for code
suppliers to encapsulate functionality for delivery to
customers.
Once the class has been defined, the attributes can be
reused when new instances of the class are created.

Following are its basic concepts :
1. Classes & Object 2. Atiributes
3. Operations, Methods & Services
4. Messages
5. Encapsulation, Inheritance and Polymorphism.

O Object Oriented Analysis Modelling .

The analysis model must achieve three primary objectives,
which are as follows :

1. To achieve what the customer requires.

2. To establish a basis for the creation of a software design

3. To define a set of requirements that can be validated
once the software is built.

The basic element of the analysis model are data dictionary,
entity relationship diagram, Data object description, process
specification (PSPEC) & control specification (CSPEC)

Q Data Modelling
Data Modelling answers a set of specific questions that
are relevant to any data processing application. Data Modelling
methods make use of the entity relationship diagram (ERD).
The ERD enables a software engineer to identify data objects
& their relationships using a graphical notation. The entity
relationship diagram focuses solely on data, representing a
data network that exists for a given system.
The ERD are especially useful for applications in which
data & the relationship that govern data are complex.
QO Object Oriented Design Concepts & Methods
The design of object oriented software requires the
definition of a multilayered software architecture, the
specification of sub—systems that perform required function
& provide infrastructure support, a description of objects that

form the building blocks of the system.
The most important early OOD methods are as follows:

pe— e )

*The Booch method
*The Rumbangh method ~ eThe Jacobson method
oThe Coad & Yourdon method s The Wirfs—Brock method
a >n_m_um & Object (Definition)
class is an object-oriented concept that encapsulates
the data & procedural abstractions Ha:ﬂ& to %mnw;hﬂw
content & vnsmsoﬁ of some real world entity.
>.= object encapsulates both data (attributes) and the
functions (operation, methods or services ) that manipulate
the data.
Q Refinement
. .mnnvs__. se refinement is a top~down design strategy
originally proposed by Niklaus Wirth-Refinement is actually
a process of elaboration. It causes the designer to elaborate
on the original statement, providing more & more detail as
each successive refinement occurs.
O Class & Object Relationships :
A relationship exists between any two classes that are ]
connected, the most common type of relationship is binary
i.e. a connection exists between two classes. Relationships
can be derived by examining the stative verbs or verb phrases
in the statement of scope or use cases for the systems.
O Human Factors
Human factors can be defined as a discipline that
discovers through study & measurement information about
human abilities, limitations & others & applies this knowledge
to the design of tools, machine, system ec.
O Human Computer Interface Design Guidelines
e Place the user in control
o Reduce the user’s memory load.

& Make the interface consistent.
eraction (HCI)

O Styles of Human Computer Int

Human Computer interaction is a discipline concerned
with the design, valuation & implementation of interactive
computing systems for human use & with the study of major
phenomena surrounding them.

User interface design :

o Interface Design Models

o Interface Design Process
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O“”w “Can we have inheritance without polymorphism?”
Comment on i, [R.T.U.2018]

Ang, Inheritance and polymorphism are independent but
related entities - it is possible to have one without the other.
If we use a language that requires variables to have a specific
type (C++, C#, Java) then we might believe that these
concepts are linked.

Polymorphism without Inheritance

e VolkswagenBeetle
+start( ): boolean
Driver can call start0
method in either class

; E!: even though H__&. are -

\ inheritance

h‘I . unrelated by inheri

Thiere are languages where you have polymorphism

without using inheritance. Some examples are JavaScript,
Python, Ruby, VB.NET, and Small Talk. .

= In each of these languages it is possible to write

carsstart() without knowing anything about the object car and
itsmethod.

# Python polymorphism

classVolkswagenBeetle(Car):

def start(); # Code to start Volkswagen

classSportsCar(Car):

def start(): # Code to start SportsCar

# Invocation of polymorphism

cars = [ VolkswagenBeetle(), SportsCar() ]

for car in cars:

car.start()
The ability to get pure polymorphism stems from these

languages only have a single variable type prior to runtime
i.e. var in JavaScript, def in Python, def in Ruby, dim in
VB.NET. With only one variable type there cannot be type
error prior to runtime.

+start( ): boolean

2 )} List object oriented design approaches.
[R.T.U.2018]

Ans. Object Oriented Design : Object oriented design
works around the entities and their characteristics instead of
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Inheritance : OO -
up in hierarchical manner where the lower or §

classes can import, implement m:a re-use allowed
variables and methods from their E,_Bm.&mﬁ. super
classes. This property of OOD is known as inheritance.
This makes it easier to define mvmo_.mn class and to
create generalized classes from specific ones.
Polymorphism : OOD languages .vn.ofn_o a
mechanism where methods performing similar tasks
can be assigned same name.

but vary in arguments, S :
This is called polymorphism, which allows a single
interface performing tasks for different types.

Depending upon how the function is invoked, respective
portion of the code gets executed.

of an object
data and
is called

classes to stack

Q.3 What is sequence diagram in Rznmka.\

'UML?./.

Ans. Sequence Diagram : Sequence diagram is an
interaction diagram that models dynamic aspect of a system.
It captures flow of messages from one object to other.
Components of Sequence Diagram

Objects
Messages between objects
Message synchronization

L
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The above figure shows that customers first order the
1 by choosing from menu and then placing orders. Further

n:m_o_._..nn_ _ Oz.._wq_

hﬁrgmn menu

1 : Place Ll_n_t_n:oomn

order : menu

1.1.1 : Order Placed

&n&”osoa pays the bill and gets the receipts.

2 : Pay bill

M

2.1 : Receipt

e,
Pay

f
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States m

N Events

Pay Bill

(®) Final State
= " |
Fig.
Components of state Diagram
(1) States

- ||
s

Fig.

(2) Events triggering to a state.
The above figure shows three states idle, place order

).4 Define class and object in context of UML.

¢

and pay bill. Place order is the event that triggers from idle to
place order state where if pay the bill event triggers then it

\ns. Classes and Objects :

Jamn_.zwzo_._ which has basic three section.

) Class name
12) Class attributes
) Class functions

Customer

e
——
-

Name

Phone No.

Address
Place order ()
Pay bill ()

Fig.

Class Name

#— Class Attributes

+— Class Functions

Class is an UML

Object is an UML representation that is used to
B st objects. It has two sections.

(1) Object name

B) Class name

Obj.
Name
Fig.

Class
Name

Amit is one of the customers.

g4 41

Write short note on state diagrane.

05, State Diagrams : State diagram models the dynamic

a7 one state to the other.

4.3

re of a system. It describes the various states and the
ents that changes the state. So, it controls the flow of events

leads to pay Bill state,
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(Q.6) Define Unified Approach? Explain UML withall

= _its diagram and advantages. [R.T.U.2016]
— OR

ﬁ& What is UML? Explain how it is useful in object
— oriented modeling. [R.T.U.2018]

LLYEN

OR
Explain unified modelling language diagrams with
the help of appropriate example. [R.T.U. 2017]

OR
What is UML? How it is useful in 00 modelling?
[RTU2013)
oRr
What is UML ? [RTU 2014)
OR

Draw and explain class diagram, object diagram
and process diagram. List all the diagram available

in UML. [RTU 2011]
OR

Explain different types of diagrams proposed by

UML. [RTU 2010]
ORr

Wiat is Unified Modelling Language ? Explain
all the diagrams of UML?
[RTU 2009, 2008; Raj.Univ.2007]

Auns. Unified Approach : A unified approach evolved from
the combined efforts of Booch, Rumbaugh and Jacobson.
This unified approach is known as UML.

_UML is organized info two major design activities System
design and Object design.

Modelling is simplification of reality. It is a central part of
all the activities that leads to the deployment of good software-
We build models to communicate the desired structure and
behaviour of the system. In short, building models help in:

(a) Visualization and control of system's architecture.

(b) Exposure of opportunities for simplification and reuse.

(¢) Managing risk.

(d) Communication for the desired structure and
behaviour of the system.

So, modelling is very important to be done. In 5.« concermn
of complexity of a program, the modelling plays an important
and effective role to reduce it. As we know that when the
levels of abstraction increases, there are more chances of

failure and it will be very difficult to solve the problem.

: The Unified Modelling Language (UML) is a standard
language for writing software blueprints. UML Bwu\.cn used
to visualize, specify, construct and document the artifacts of
a software—intensive system. :
Conceptual Model of UML

UML requires three major elements to build its conceptual
model. Itincludes :

® UML's basic building blocks,

e Rules that dictate how those building blocks may be
put together and

o Some common mechanisms that apply throughout
UML. .

One more term required to build UML is view. A view is
simply a subset of UML Modelling construct, that represents
one aspect of the system. One or two kinds of diagrams
provide a visual notation for the concepts in each view.

UML can be used for domains like :

® Enterprise Information Systems

® Banking and Financial Services

e Telecommunications

 Transportation Management

¢ Defense/Aerospace and Navigation

e Scientific and Engineering Applications
Building Blocks in UML

To build the blocks in UML for an application, things are
defined and the relationships among them are defined. At
last complete UML diagram is made.

(A) Things : Things are the abstractions that are present
as an entity in a model. There are four kinds of things in
UML

1. Structural Things : Structural things are the nouns
of UML models. They are mostly the static parts of a model.
There are seven kinds of structural things :
¢ Class
o Interface
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(B) Relationships : T
relationships in UML. They are

here are basically four kinds of
described below one—by—one.

1. Dependency : Dependency isa semantic _d”_ﬂmosm%_ﬂw
between two things in which a change 1o oh_n :.__”qmﬂ:m:m
independent thing) may affect the semantics of'the M by
(the dependent thing). It is shown in fig.1 as a do
with an arrow.

illlllll.llll.l.llv
Fig. 1 : Dependency . )
2. Association : Association is a structural :w._mﬂ_azmr_u
that describes a set of links, a link being a connection among
objects. It is a solid line, possibly directed and may noamms
label. It may contain multiplicity and role names as shown in
fig.2
0.1
Class

Student

Fig. 2 : Association

3. Generalization : Generalization is a relationship in
which objects of the element that is specialized (may be
considered as child) are substitutable for objects of the
generalized element (parent). So, a child is sharing the
behaviour and structure of parent. It is represented as shown
in fig.3. Ahollow arrowhead is pointing to the parent.

.
=

Fig. 3 : Generalizations
4. Realization : Realization is a semantic relationship

between classifiers. One classifier specifies a contract that

~rvr

—~x7r P el a e I B I




GE)

«.Som._an classifier guarantees to carry out. It's representation
is shown in fig.4

Fig. 4 : Realization

UML Diagrams

Diagrams are the graphical representations of a set of
elements. They are represented -as a connected graph of
vertices (which are things) and arcs (relationships). :

So, a diagram is a projection into a system. The same
element may appear in all diagrams, in some of the diagrams
or in no diagrams at all. A diagram may contain any
combination of things and relationships. So, these UML
diagrams are the means by which the building blocks can be
viewed and these blocks are most often rendered as a
connected graph (things) and arcs (relationships).

So UML can be useful in OO modelling as :

o UML defines a number of diagrams so that we can
focus on different aspects of the system independently.

e We can have several hundred classes in the design of
a corporate enterprise information system. We can never
visualize the structure or behaviour of that system by staring
at one large diagram containing all the classes and their
relationships.

So, if we want to create several diagrams each focused
on one view. That's why, different kinds of diagrams are made
availablein UML to:

e achieve any combination of elements in the same
diagram. For example, to depict both classes and objects in
the same diagram.

o decide which views we need to best express the
architecture of the system and expose the technical risks to
the project if any.

. The UML includes nine such diagrams :
¢ Class Diagrams
a & Object Diagrams

¢ Use Case Diagrams

¢ Sequence Diagrams

o Collaboration Diagrams

e State Chart Diagrams

o Activity Diagrams

o Component Diagrams

s Deployment Diagrams

All these diagrams explained as follows :

1. Class Diagrams : Class diagrams show a set of
classes, interfaces, collaborations and their relationships. Class
diagrams are specifically used to model the static design view
of a system.

Consider an example of house building. During its building,
we include basic building blocks such as wall, floors, doors
etc. These are inherently structural in nature as they are
related with height, width etc. But they are somewhat
behavioural also (different kinds of walls cari support different

Jlﬂwl.._.n..? (I Sem.) C.S. Solved Papers)

loads), We can
process of hoi
things,

static aspect of the buildin,
to specify their details,

The various contents of a class diagram are
¢ Classes

o Interfaces
¢ Collaborations
e Relationships

examples.

withdrawal of money from the account.

Card scanngr Cash dispenser
Card no, Balance
Accept_card () Cash ()
Exit_card () Receipt ()
Read_card ()
Account Screen
Account No,
Secret PIN / ()
Accept ()
Balance () Invalid ()
Deposit ()
Withdraw ()
Statement ()
Fig. 5: Class Diagram for Withdrawal of Money

etc. are shown as things. It's diagram is shown in fig.6

Organization
=, ==
artment Office
DE £ Location
Address : String
Subset
g -mmmmm e
]-—=% 1
Person Headquarter
Name : Name
employee 1D : integer

Fig. 6 : Class Diagram for An Organization
2. Object Diagrams

moment in time and rendering a set of objects,
their relationships.

. ; ]
t consider Emmn features independently. The
use construction involves assembling these

So, with UML, we use class diagrams to visualize the
g blocks and their relationships and

The class can be better understood with the help of

Example-1: In fig.5 a class diagram is shown for the

Example-2 : This example shows the class diagram of
an organization, in which department, office, headquarters

Object diagrams models the instances of things contained
in a class diagram, shows set of objects and their relationships
at any time and, Modelling a snapshot of system at that
their state and

To understand how the object diagram works, we can
visualize a game of soccer. Its overview looks s if it is 8

ibly si - ople running :
terribly simple sport with a mob of peop e alfin.

hasing a ball. There hardly seems any systema 5
) z%z. ME a ano_.rwmannn En._.:o,.moP ﬂ_wm“«m.ﬂ:.__ww
individual players. We are able to &w::mﬁ.:m: H__n_ﬂu p % _qmm_:
positions like forwards, modified, left wing, .P_:m ac m<am_u
back, defenders, goal keepers etc. Further insight r g
how these players collaborate following mqw.mw_nﬁ b
attacking and defending. Similar to this, we oughtto wc.nnm
snapshot of the system under concern to _mc_\. at the o m__._ =
present, their neighbours and their relationships to

neighbours.
Contents of Object Diagram
There are two contents of an object
o Objects
o Links )
An object diagram expresses the static part om.us:
inferaction, consisting of the objects that collaborate but
without any of the messages passed nEo__m.EoB“
Example=3 : This example tells the object diagram for
a company as illustrated in fig.7
C : Company

diagram. They are :

d1 : Department d4 : Department

name = "Sales" name ="R & D"

d2 ; Department

name = "Marketing" P : Person
name = "Bret"

d3 : Department
name = "Finance"
Fig. 7 : Object Diagram for Company

Example—4 : Another example is the objects involved
in the mechanism used by the robot to calculate a module of
the world in which it moves. Element represents instances
that the robot has identified but not yet assigned in its world
view.

width=36] | width ~ 96| Lwidth = 36]

js_ wall w2 wall |——{ds : door

Fig. 8 : Object Dingram Showing Exploration of Robot
Robot has recognized the enclosed area which has walls
on 3 sides and a door on fourth side.
3. Use Case Diagrams : Various aspects related to use
case diagrams are given below :

i ts of @
jic aspec
diagrams model the dynar
e Use case
g i icts : e s of
sY: o A use case diagra™ anEEd " descrption om_M_MM o
. ases dl
cases : Use € gy
p NMM of actions, that a system p
chaerv @ an actor. .
o e gy _%::w set of roles that users ©
ar

2. Actors : Actors ar
cases play when interactin
o Use case diagrams h
elements of the system may
enables the user 10 comprehen

i in fig.9
effectiioly jagrams are _.nv_.nwuaoa as shown in 118

e Use case Q\\l\\lll

X
A

d Use Cases in a System

i i Actors an
Fig. 9 : Representation of O il
oUse cases are represented by ovals. Labels with

represent the functions of the system.
Representation of Use Case is shown

i cases-
, with the use €ase>- i
rm:u in understanding __o¢<._..“.__mm
be used in the context. ;
d how to us€ that elemen

—> Aclor

in fig.10

Fig. 10 : Representation of Use Cases
e Actors are the users of a system. They represent s_:.o
will access the functions of the system. In fig.11 an actor 1s
shown who exercise the use cases.

—4g

Aclor

Fig. 11 : Actors Exercising the Use Cases

e Relationship between an actor and a use case is
illustrated with a signal line. Relationships between use
cases are labeled either "uses" or "extends" "uses" indicates
that one use case is needed by another in order to perform
a task. ’

¢ Use case diagrams model the use case view of a
system. This view supports the behaviour of the system.
.Z:m. represents the visible services that the system
provides in context of its environment. Use case diagrams
are applied in the following ways :

® Modelling the context of a system : [t involves

defining a system and assertj i i
rting which actors lie outsi
the system and interact with it. e
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8 (a) List out the various activities that are
encompassed by system design process under
object oriented design (0OD) and explain each
one briefly.
(b) Explain the object modularization with example,
[RTU 2015
ﬁ
:._m.r: Object-Oriented System Design : Object-
riented system design involves defining the context of a
ystem followed by designing the architecture of the system.
*  Context : The context of a system has a static
and a dynamic part. The static context of the system
is designed using a simple block diagram of the
whole system which is expanded into a hierarchy
of subsystems. The subsystem model is represented
by UML packages. The dynamic context describes
how the system interacts with its environment. It is
modelled using use case diagrams.
o  System Architecture : The system architecture
is designed on the basis of the context of the system
in accordance with the principles of architectural
design as well as domain knowledge. Typically, a
system is partitioned into layers and each layer is
decomposed to form the subsystems.
(i) Object-Oriented Decomposition
Decomposition means dividing a large complex system
nto a hierarchy of smaller components with lesser
:omplexities, on the principles of divide-and-conquer. Each
najor component of the system is called a subsystem. Object-
sriented decomposition identifies individual autonomous
dbjects in a system and the communication among these
bjects.

(ii) Identifying Concurrency

Concurrency allows more than one objects to receive
svents at the same time and more than one activity to be
sxecuted simultaneously. Concurrency is identified and
represented in the dynamic model. To enable concurrency,
each concurrent element is assigned a separate thread of
control. If the concurrency is at object level, then two
concurrent objects are assigned two different threads of
control. If two operations of a single object are concurrent in
nature, then that object is split among different threads.

(iii) Identifying Patterns

While designing applications, some commonly accepted
solutions are adopted for some categories of problems. These
are the patterns of design. A pattern can be defined as a

documenteq et of buil
types of application dey,
Some ¢ommonly y
*  Facade patte

om:_uoﬁon::nn.
elopment problems, il

sed design patterns are:
m

Mode] view Separation pattern
Observer JDattern

*  Model view controller pattery

Publish subscribe pattern
. Proxy pattern
W&.Oo:.g:msm Events
o_u.maﬂ.e“.. Mﬁwwwwﬂmﬂ ommma:. the events that may occur in the
ne identi
dealt with, e tobe identified and appropriately

L]

Anevent is a specification of a signifi
has a location in time and space

There are four .
namely:

that cant occurrence

types of events that can be modelled,

Signal Event : A named obi y
d : object thrown b
object and caught by another object. < b

® Call Event : A synchronous
: : event re; i
dispatch of an operation, i

Time Event : An event re
time.

®  Change Event : An event repi
state.
(v) Handling Boundary Conditions
_ The system design phase needs to address the
initialization and the termination of the system asa whole as
well as each subsystem. The different aspects that are
documented are as follows: T
o  The start-up of the system, i.e., the transition of
the system from non-initialized state to steady state.
*  The termination of the system, i.e., the closing of
all running threads, cleaning up of resources, and
the messages to be sent.
*  The initial configuration of the system and the
reconfiguration of the system when needed.
e  Foreseeing failures or undesired termination of the
system.
Boundary conditions are modelled using boundary use
cases.
(vi) Object Design
After the hierarchy of subsystems has been developed,
the objects in the system are identified and their details are
designed. Here, the designer details out the strategy chosen
during the system design. The emphasis shifts from application
domain concepts toward computer concepts. The objects
identified during analysis are etched out for implementation

presenting _u»mmmmm of

resenting change in

_—(EEm)

Saftware Engincering .
with an aim to minimize execution time, memory consumption,
and averall cost.

Object design includes the following phases:

*  Object identification .

Object representation, i.¢., construction of design

models

= Classification of operations

°  Algorithm design

e Design of relationships .

o Implementation of control for external interactions

*  Package classes and associations into modules

(vii) Design Optimization

 The analysis model captures the logical information about

the system, while the design model adds details to support
efficient information access. Before a design is implemented,
it should be optimized so as to make the implementation more
efficient. The aim of optimization is to minimize the cost in
terms of time, space, and other metrics.

However, design optimization should not be excess, as

»ease of implementation, maintainability, and extensibility are
also important concerns. It is often seen that a perfectly
optimized design is more efficient but less readable and
reusable. So the designer must strike a balance between the
two.

The various things that may be done for design

_ optimization are:

e Add redundant associations
Omit non-usable associations
Optimization of algorithms
Save derived attributes to avoid re-computation of
complex expressions

(viii) Design Documentation

Documentation is an essential part of any software
development process that records the procedure of making
the software. The design decisions need to be documented
for any non-trivial software system for transmitting the design
to others.
Ans.(b) Its a technique to divide a system into multiple
independent and discrete models, which are expected to carry
out tasks individually. These may work as basic construct for
entire software. Designers tend to design modules such that
they can be executed or compiled separately and
independently.

Modular design follow rules of, divide and conquer,
problem solving strategy. This is because there are many
benefits attached to modular design of software.

Thege are interchangeable modules, such that each
contain everything necessary toexecute only one aspect of

.

y. Thus, these modules performs
s T i modular
logically discrete functions. These ._:o_:u:_nm Eurﬂ_ i
mom. n system, if built correctly, for more ?:Mn_ e .
[ y ; - s
_zaw:.ozu_ monolithic design. since all these modules may
.ed in other projects. .

e A simple diagram can be drawn to explain the concept
Ubiquitious television isan example of asystem ::anw___w ofa
no. of modules eg. speakers, projection E.cn. _._o_:an utton,
n_:.u_::o_ buttons etc. Each hasa functionality of their own but
mbled together make a television.

the desired functionalit

when asse

9 Write a short note on:
¢ (i) Unified modeling language smﬂt
-5 Object Oriented Analysis modeiing
(i) Object Ort S

—

(i) Unified Approach : Refer to Q.6. . .
M“”M__wv Object O_ulnna.._ .v:u_uiu .EE._n_._Sm : OE_nn.T
oriented analysis and modeling or Oc._non..o:namn analysis
and design (OOAD) is a uovc_.ﬁ technical mvvﬂo.u&_ for
analyzing, designing an muﬁ:nm:o? system, or gm_anmm.g.
applying the object-oriented nm_.ma_ma and visual modelling
throughout the development life cycles to foster better
stakeholder communication and product quality. )

Although it is possible to do oc._mn_.o_.mnaaa.aoﬁ_o._uanﬂ
using a waterfall model, in practice most object-oriented
systems are developed with an iterative w_%ammr. Asaresult
in object-oriented processes "analysis and design" are often
considered at the same time. )

The object-oriented paradigm emphasizes modularity and
re-usability. The goal of an object-oriented approach is to
satisfy the "open closed principle”.

In object-oriented programming, the ouom\n_mm&
principle states "software entities (classes, modules, ?:n:.a_m.
etc.) should be open for extension, but closed for modification™
that is, such an entity can allow its behaviour to be extended
without modifying its source code.

A module is open if it supports extension. That is, the
module provides standardized ways to add new behaviors or
describe new states. In the object-oriented paradigm this is
often accomplished by creating a new subclass of an existing
class. A module is closed if it has a well defined stable
interface that all other modules must use and that limits the
interaction and potential errors that can be introduced into
one module by changes in another. In the object-oriented
paradigm this is accomplished by defining methods that invoke
services on objects. Methods can be either public or private,
i.e., certain behaviors that are unique to the object are not
exposed to other objects. This reduces a source of many
COMMON errors in computer programming.



ﬁ_n purpose of any analysis activity in the software
lnn-nua_a _:oaam.nm:_oan_c:rn m«ﬁna.mﬁ::n:o:m_

requirements that is independent of implementation constraints

The main difference betw
een object-or i
,2.._ other forms of analy : e

sis is that by the i
. . Y object-orient
approach we organize requirements around objects S_:Mm

l:nm::n both behaviors (processes) and states (d
modeled after real world objects that the system i h o
ith. In other or traditional analysis Eﬂ_doam_ow_nm _“_mem
lmvnn_% processes and data are considered mnwm::.a_w °
In the object-oriented analysis phase of moﬁ.sn_.n

‘aqa.oﬁans.—. the system requirements are determined, the
classes are identified and the relationships among n_w.mmnw

e identified.
l . The three analysis techniques that are used in conjunction
with each other for object-oriented analysis are object
‘d&n___:m. dynamic modelling, and functional modelling.
Object Modelling
Object an.m_::m develops the static structure of the
lo?zwﬂm mwmaa in terms of objects. It identifies the objects,
the classes into which the objects can be grouped into and

‘__“n._.a_u:mzmaum between the objects. It also identifies the
ain attributes and operations that characterize each class.

._._aEonnmmou.oE.onH.:o%.::mnm:amim:w_i&m_._aa
;u:oi_._m steps:
‘ *  Identify the relationships among classes
Create user object model diagram
Define user object attributes
‘ Define the operations that should be performed on
*  Review glossary
‘ Dynamic Modelling
After the static behavior of the system is analyzed, its
Anrmsow with respect to time and external changes needs to
Dynamic Modelling can be defined as "a way of
‘._nmnl.omzm how an individual object responds to events, either
internal events triggered by other objects, or external events
limmnq& by the outside world".
the following steps:
‘ e Identify states of each object
* Identify events and analyze the applicability of
‘ actions
L]
state transition diagrams
e Validate the state-transition diagrams drawn
Functional Modelling
Functional Modelling is the final component of
oEaR-o:.nE&w:&wma.._.__n?aozozm_Bomn_m:oiﬁ_.a

¢ Identify objects and group into classes
the classes
e examined. This is the purpose of dynamic modelling.
The process of dynamic modelling can be visualized in
Construct dynamic model diagram, comprising of
s  Express each state in terms of object attributes
rocesses that are performed within an object and how the

B.Tech. (I Sem.) C.5. Sotved Papers
Vves between methods, Iy specifies the

data n.—E:mnw as it mo
meaning of the operatj

the following steps:

Identify all the inputs and outputs

*  Construct data f] i
ow diagrams showing funcii
dependencies e

mEE.Eo purpose of each function
*  Identify constraints
Specify optimization criteria

Q.10 Explain the JSollowing in context of UML
(i) Use case diagrams. =
(ii) Sequence diagram
(iii) Classes and objects.
(iv) Interfaces.

(v) State diagrams. [RTU 2014]

Ans. (i) Use Case Diagrams : Refer 10 0.6.
(i) Sequence Diagram : Refer 10 0.3.
(iii) Classes and Objects ; Refer to Q4.
(iv) Interfaces : Interface is an UML representation that is
denoted by a circle and name of interface is written below
the circle.

Interface describes functionality without implementation.
Implementation of an interface is done by the class through
the function according-to the requirement.

Interface

Bill Manager
Fig.

(v) State Diagrams : Refer 10 0.5.

Q.11 Explain object oriented (00) concept with an
example. [RTU 2013]

Ans. After the analysis phase, the conceptual model is
developed further into an object-oriented model using
object-oriented design (OOD). In OOD, the technology-
independent concepts in the analysis model are mapped onto
implementing classes, constraints are identified, and interfaces
are designed, resulting in a model for the solution domain. In
anutshell, a detailed description is constructed specifying how
the system is to be built on concrete technologies

The stages for object-oriented design can be identified as:

*  Definition of the context of the system
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*  Designing system architecture

o Identification of the objects in the system

o Construction of design models

o Specification of object interfaces )

ORD introduces a new set of terminology, m._o_m:o:. and
procedures for the derivation of a software design.

Objects, Operations and Messages ]

To accomplish object—oriented design, we must establish
a mechanism for (1) the representation of data structure
(2) the specification of process, and (3) the vocation procedure.

An example, typical objects might be machines,
commands, files, displays, switches, signal, alphanumeric
strings, or any other person, place, thing, occurrence, .qo_n.. or
event. When an object is mapped into its software realization,
it consists of a private data structure and processes, called
operations, that may legitimately transform the data structure.
Operations contain control and procedural constructs that may
be invoked by message a request to the object to perform of
its operations.

The object also has a shared part that is its interface.
Messages move across the interface and specify what
operation on the object is desired, but not how the operation is
to be performed. The object that receives a message
determines how the requested operation is to be implemented.

Design Issues

There are five criteria for judging a design method's ability
to achieve modularity and related these to object—oriented
design.

(1) Decomposability : The facility with which a design
method helps the designer to decompose a large problem into
subproblems that are easier to slove.

(2) Composability : The degree to which a design
method ensures that program components (modules), once
designed and built, can be reused to create other systems.

(3) Understandability : The case with which a
program component can be understood without reference to
other information or other modules.

(4) Continuity : The ability to make small changes in
a program and have these changes manifest themselves with
corresponding changes in just one or a very few modules.

(5) Protection : An architectural characteristic that
will reduce the propagation of side effects if an error does
occur in a given module.

From these criteria, five basic design principles can be
derived for modular architectures : (1) linguistic modular units;
(2) few interfaces (3) small interfaces (weak coupling)
(4) explicit interfaces (5) information hiding.

Classes, Instances and Inheritance

All objects are members of a larger class and inherit the
private data structure and operations that have been defined
for that class. States another way, a class is a set of objects

ame characteristic
ce of a larger class
The use of classes, subclasses and inhe .
important in modern m.oma.. are r.:m:,_mn_.“mav:_cc
components (our ability to achieve ncn_ v: o g
by creating objects (instances) that build o Lwnuwmw g
R et d._Hurnq.“__mn_ q_w.%qdoﬂ,_nn_w_mw_ﬁnww from .:_n class,
ify how the 5
w%ﬂﬂ”wswﬂomhm\zim all the characteristics of the new object

Object Descriptions :
A design description o“ms om...n:am
can take one of two forms. )
" mcmu _nu_mmwv protocol description that wm.mw__m:n_” the LHMM«MMM
of an object by defining each message that the o ._1, i
receive and that related operation that the object performs,
it receives the message.
s._._ozﬁuw An implementation mnmnlvmmos.:;“._ M___H_Em
implementation details for nmn: operation imp _nn_ z:w
message that is passed an ogaop.. _Ew"mﬂnus:o: etai
includes information about the object's private part, that is,
internal details about the data structure and procedural details
that deseribe operations.

The protocal description is nothing more than a set of
messages and a corresponding comment ﬁOn each message.
An implementation description of an oEmm" provides .ﬁ:m
internal ("hidden") details that are required for implementation
but are not necessary for invocation.

An implementation description is comprised of the
following information : (1) a specification of the object’s name
and reference to a class (2) a specification of private data
structure with an indication of data items and types (3) a
procedural description of each operation or, alternatively
pointers to such procedural descriptions.

that each has the s

therefore an instan "

ritance 1s crucid
se of progral

)1s at

=

(=%

ct (an instance of a class

Q.12 Describe the unified approach to OO design.
' [RTU 2013]

Anps. The Unified Approach

A unified approach evolved from the combined efforts
of Booch, Rumbaguh and Jacobson. This unified approach is
known as UML.

UML is organized into two major design activities System
design and Object design.

Modeling is simplification of reality. It is a central part of
all the activites that leads to the deployment of good software.
We build models to communicate the desired structure and
behavior of the system. In short, building models help in

*  Visualization and control of system's architecture

* Exposure of opportunities for simplification and
reuse.




3E.76 Jo

Managing risk_
ncs_:_._zmnm:os for ¢

behavior of the system
So, modeling is Vvery im

he desired structure ang

software-intengive System.

Conceptual Model Of UML .
UML requires thre
ddel. It includes :

* UML'sbasic building blcoks,

€ major elements to bujjq its conceptual

* Rules that dictate how those building blocks may
be put together, and

. Woan common mechanisms that apply throughout
ML. -

One more term required to build UML
nply a subset of UML modeli
© aspect of the system. One or two ki

ovide a visual notation for the concepts in each vi

UML can be used for domains like ;

* - Enterprise Information Systems
Banking and Financial Services
Telecommunications

Transportation Management
Defence/Aerospace and Navigation
Scientific and Engineering Applications

ew,

13 Explain the difference between structural and 00
analysis with the help of suitable exaniple.[RTU 2013]

18. The Systems Development Life Cycle (SDLC) can be
fined as a process of understanding how an information
stem can support business needs or requirements of an
Zanization, modeling the business processes, designing the
stems components, and building the system. A systems
velopment project thus goes through a sequence of some
1damental phases such as planning, analysis, design, and
plementation. Each of these phases can be divided into a
ies of steps or activities that rely on some models and
*hniques to praduce required deliverables, Even though all
djects cycle through some common phases or activities,

t how they are approached by the systems development

>up can be different - the project team might move through

: phases or steps logically, consecutively, incrementally, or
ratively.

—

activity or phase, The structure
from a top-down view,
is the process model,
of a system, and th
processes is the data.

-flow diagram (DFD). The DFDs and
their associated data di

The center of the structured approach
which depicts the business processes
e primary model that presents the

ictionary contain information about the
Systems components (inputs, outputs, processes, and data
storage) that need to be designed and ultimately built.

Object-Oriented Approach

Another approach to SDLC that is widely discussed in
recent years is the object-oriented methodology It is developed
by the software engineering professionals who deal with large
and complex systems in domains such as aerospace and
process control. Failure of a business system may cost money
but that of mission-critical systems such as that used in the
airplanes and space shuttles might cost life. Business system
is only one domain that is typically addressed in the SAD
texts,

The object-oriented methodology views a system as a
bottom-up approach to systems development. To start with,
itdescribes the system through a set of business processes it
performs as well the object classes that these processes deal
with. It uses a set of diagrams or models to represent various
views and functionality of a system and is commonly known
as Unified Modeling Language or UML. When these models
are used along with a particular method of systems

development, the OO approach later became known as the
Unified process.
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administrator wants 3. get :EEE.E.: ha....wﬂm '
output from ils Ean?_w-mu.a:& adjusters. e
objective of the E.:.Enra_.m is E.mmm how ave o
machine and adjuster wtilization depends on:

o Number of Machines
o Number of h&:ﬂms.u
e Reliability of Machines

in terms of MTTF

o Productivity of Adjusters

|R.T.U. 2018]
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-Oriénted Design

Oriented Design versus

T
Fig. 2: Iterative and Incremental Model aq. SDLC i
Unified Process follows an iterative and incrementa

approach to systems development. The systems ao<o_ou3n:”
life cycle is viewed as consisting of wmf.ma_ increments n—va
phases: incepfion, elaboration, construction, and transition.
.each increment or phase, the developers move 53.5@: the
activities of gathering requirements, E.E_ww_:m ._:n
requirements, designing the system, implementing En. design,
and tesiing the system. Thus the Unified approach is a two
dimensional model. See Figure 2. As shown, the phases of
the traditional systems development approach do not match
with those of the Unified Process; but in each :..En:_nsm all
phases of the SDLC (requirements, analysis, design,
implementation, and testing) are visited until the .no<a§un,.m
satisfy the requirements. However, in each Eo_.nan.ar
activities of one phase predominate over the others-causing
the systems development effort to move from the inception

to elaboration, from elaboration to construction, and from
construction to transition.

Part-C

. Q.14(a) Write similarities and dissimilarities between
object oriented and functional oriented design
approaches,

(b) Perform Object-Oriented Ana,
Jor the following problem:
A factory has machines that Jails uniformly
after continuous operation and needs frequent
adjustments and repair after a certain Mean
Time To Failure (MTTF). A manager has
certain number of adjusters who keep the
machines running, The manager maintains a
queue of operative machines and idle adjusters,
if machines are waiting to be repaired, then
the manager assigns the first queuned machine
to the next available adjuster. The Sactory

lysis and design

2\

0.

Functional-Oriented
Design (FOD)

OE.mﬁ-Oln:nnnlJ
Design (ODD) | o=

1. | The basic abstractions, The basic abstractions
which are given to the user, | are not the real world
are real world functions. | functions but are the

data abstraction where
the real world entities
are represented.

2. |Functions are grouped Functions are mwo:maa
together by which a higher |together on the basis of
level function is Page on  |the data they operate
obtained.aneg of this since the classes are
technique is SA/SD. associated with their

methods.

3. |In this approach the state . |In this approach the
information is often state information is not
represented in a centralized |represented ina
shared memory. centralized memory but

is implemented or
distributed among the
objects of the system.

4. |FOD approach is mainly |Whereas OOD approach
used for computation is mainly used for
sensitive application. evolving system which

mimics a business
process or business case.

S. | We decompose in We decompose in class
function/procedure level. |level.

6. | Top down approach. Bottom up approach.

7. |1t views system as black Object-oriented design
box that performs high is the discipline of
level function and later defining the objects and
decompose it detailed their intetactions to
function so to be mapped  |solve a problem that was
to modules. identified and

documented during
object-oriented analysis.

8. |Begins by considering the Begins by identifying
use case diagrams and objects and classes,
scenarios,



ol =0y e
paa . = llllllllllllllu
%us.(b) “Fail uniformly probably means that they . |
zonstant rate (with a different rate for each type of m_”, -y
iformly is :2. a good word in this no_.:oxm asitim N~_n i
nachine failure time follows a uniform distribution E_q_.v =
roughly the same number of machines failin .m:@:_n_
ue period, which is not realistic). 8 i grery
Failing at a constant rate . er unit (j
number of fails X in the _Emﬂwu_ _.ﬂn“q_“. _%“_Md:ﬁwbyﬂzw i
werage) follows a poisson distribution e
PIX =k) = Ot)*exp(=atyk!
If roughly half of these machines haye failed up t
ome time ty then half of the remaining will fajl ip the Mﬂm
p rval up to tyand so on, n_nn_.ﬁ_w:._m all the time

ilson

P(T>t)=P(X =0)= exp(-At)
This s the reliability of the machine ty

gportion of machines which are still working after ti

pch will fail up to time t using ity. e.g If lightbul
ave a MTTF of 300hrs then the E.onoaww sm.:.n:m“%“"wm_
king after 200hrs is
exp(~1/300 x 200) = 0.5130r 51%
The proportion which have failed up to time tis I -
pbility. This can be written as an integral up to time t of
1€ probability density for T. Differentiation will then give the
sity for the variable T, but the reliability is a more
ningful thing to focus on for practical purposes.

5 Write short notes on :
(a) Object Oriented Analysis modelling
(b) ODD concepts and methods

[Note : ‘ODD’ read as *00OD"} [R.T.U.2017]
OR

Explain Object oriented design concepts and-

methods. [RTU 2015,2014|

i
=g (2) Refer 10 0.9(ii).

ns.(b) Refer to Q.11.

6 Explain Object Oriental Analysis and its Approach
and Explain class and Object Relationship Model,
[R.T.U.2016)

OR
Discuss Object Oriented Analysis (00A) and

modelling in detail. [RTU 2014
OR

Describe the Class-Reponsibility-Collabrator (CRC).

[RTU 2013]

OR

Descripe Object Orienteq

is CRC mode

£ Analysis Process. What
lling? Describe iy detail.”

[RTU 2009, 2008; Ry
ORr

il
m_:.ahwna_ the four Steps of object
1S modelling,

j. Univ. 2005, 2002)

Explain with

oriented analys;,
Ans. Object Oriented
Process, first the scenario
understood then modell;
described ag follows:

Use Cases :
analysis by Jacobsg
They are scripts t
or will be used.
doesn’t describe
generalizes a num

Analysis Process : In the OOA
of the usage of the system has to be
ng of software begins. These are

Use cases were introduced into object
On asa means of communication with users,
hat describe typical ways that a system is
szm case in general is the sense that it
Instances of how a system is used, but
ber of instances into a general script.
Use cases should achieve the following objectives :

‘(1) To define the functional and operational requirements
of the system (pro

isagreed upon by the end-user and the software engineering
team.

(2) To provide a clear and unambiguous description of
how the end-user and the system interact with one another.

(3) To provide a basis for validation testing.

During OOA, use cases serve as the basis for the first
element of the analysis model. In developing a use case, we
identify the main actors or roles in the system and then
describe the way they use or interact with the system or
their behaviour in the system. Use case identification usually
begins by looking at scenarios to check how these actors
carryout their activities. We then use these scenarios to
identify the usual way in which these actors carryout their
activities. A system if usually described by a number of use
cases, which together become the use case model.
Class-Responsibility-Collaborator Modelling

After developing usage scenarios, the system classes,
their responsibilities and collaborations are identified. Class—
responsibility-collaborator provides a simple way to
identification and arrangement (organization) of classes that
are relevant to system or product requirements. Ambler has
described CRC Modelling as :

“A CRC model is really a collection of standard index
cards that represent classes. The cards are divided into three
sections. Along the top of the card we write the name of the
class. In the body of the card we list the class responsibilities on
the left and the collaborators on the right”

duct) by defining a scenario of usage that -

[

—

e use of actual or

(s rgineering—

R ek _._6%._ i tation of classes
virtual cards, so that an Sw»ﬂ_.ﬂ.& _d_zam.,”_:ammﬁ_._gﬁm and
can be developed. Responsibilities _nam MHo__mcc:Boa e
operations that are relevant for the class. onsibility:
those classes that are needed to _u_,osn_o. aresp e

Classes : As we know that the object can b€ € ional
entities, things, occurrences or events, qo_mmp oq.mwsm_u“a siié
units, places or structures. These are identifie o int
context of a software problem. All nouns become po
oEnM_“.u.._ and Yourdon suggested five ,mo_mo:o”ﬂ
characteristics that should be used as analyst considers gae
potential object for inclusion jn the analysis model. The various
selection characteristics are : ) .

1. Retained Information : Potential o_u._nomm will be
useful during analysis only if information about it must be
remembered so that the system can function.

2. Needed Services : Potential object must have a m.n.
of identifiable operations that can change the value of its
attributes in some way.

3. Common Attributes : A set of attributes can be
defined for the potential object and these attributes apply to
all occurrences of the object.

4. Common Operations : A set of operations can be
defined for the potential object and these operations apply to
all occurrences of the object.

5. Essential Requirements : External entities that
appear in the problem space and produce or consume the
information is essential to the operation of any solution for
the system will almost always be defined as objects in the
requirements model.

To be considered a legitimate object for inclusion in the

requirements model, a potential object should satisfy some (or

almost all) of these characteristics, Firesmith has extended
this class types by suggesting some additions, as given below :
© Device class model external entities,

e Property classes Tepresent some important property
of the problem environment.

© Interaction classes model interactions that oceur among
other objects.

In addition, objects and classes may be categorized by a
set of characteristics that are Tangible (tangible or intangible
class), Inclusive (atomic or aggregate class), Sequence
(sequential or concurrent class), Persistent (temporary,
permanent or transient class) and Integrity (Secured or
unsecured class). Using these class categories, the index card

might be extended to include the type of class and its
characteristics as shown,

T —

Class Name
Class Type : :_m .
Class Characteristics (1
Responsibilities
_ﬁam_uo_—mmcm::au."
attributes and operations of a

5 W d can
ures of a class an : ure of the
shalclp mw_uwm%m scope or by understanding the nat
statemen

i i f the
i ibit the behaviour ©
tions of class exhi
e ,_,ézw..wwunwuﬁ_.nr and her colleagues suggested some
- 4 :
he responsibilities of a class. .H..:mu_” are
hould be evenly distributed.
stated as general as

e device, property)
ike tangible,
Collaborations .

nsibilities basi
oy class. The attribute
be achieved from the

inclusive)

cally consist of
s are the

class,
guideline fort
1. System intelligence s
2. Each responsibility should be
possible.
3. Information and the be
within the same class. )
4, Information about one thing m:oz_a._uo loca
asingle class, not distributed across multiple classes. -
5. Responsibilities should be shared among relate
classes, when appropriate. :
The responsibilities of classes can be fulfilled in two iw.u..m
1. A class can use its own operations to manipulate its

haviour related to it should reside

lized within

own attributes.

2. A class can collaborate with other class.

Collaboration : Wirfs—Brock and her colleagues
define collaborations in the following way :

“Collaborations represent requests from a client to a
server in fulfillment of a client responsibility. A collaboration
is the embodiment of the contract between the client and the
server. We say that an object collaborates with another object
to fulfill aresponsibility. It needs to send the other object any
messages. A single collaboration flows in one direction —
representing a request from the client to the server. From
the client’s point of view, each of its collaborations are
associated with a particular responsibility implemented by the
server.

The collaborations are used to identify relationship
between classes. When a set of classes all collaborate to
achieve some requirement, they can be organized into a sub—
system. Collaborations are identified by determining whether
a class can fulfill each responsibility itself, It can’t, then it
needs to interact with another class.

To aid in the identification of ¢o]
can examine three differe
classes, given by Wirfs—
one-by—one.

laborators, the analyst
nt generic relationships between
Brock, these are explained below
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1. The collaboration is part of relationship in which one
class is the part of another class. For eg, the class human
body is part of a class human.

2. The knowledge of relationship is required when one
class acquires information from another class.

3. Itdepends upon relationship exists in which two ¢classes
have a dependency with each other. For eg, human head
must always be connected to human body.

So, human head depends uponhuman body. So, the analyst
develops the connections necessary to identify these
relationships. In all cases, the index card contains a list of
responsibilities and the corresponding collaborations that enable

the responsibilities to be fulfilled. After developing a complete

CRC model, the model is reviewed by using the following
approach given by Ambler :

(1) All participants in the review (of the CRC model) are
given a subset of the CRC model index cards, Cards that

~{(B.Tech. (I Sem.) C.S. Solved Papers)
collaborate should be separated (i.e. no reviewer should have
two cards that\collaborate). ' .

(2) All use case scenarios (and corresponding use case
diagrams) should be organized into categories.

(3) The review leader reads the use—case deliberately.
As the review leader comes to a named object, she passes a
token to the person holding the corresponding class index
card.

(4) When the token is passed, the holder of the class |

card is asked to describe the responsibilities noted on the ;

card. The group determines whether one (or more) of .the
responsibilities satisfies the use—case requirement.

(5) If the responsibilities and collaborations noted on the
index, (Cards can’t accommodate the use case) are made to
the cards, - ;

When all use cases (or use case 'diag;rams) have been
reviewed, OOA continues.

ooo




