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1
Principles of Object-Oriented

Programming

Key Concepts
Li 1 Software Crisis

> Software evolution

y Procedure oriented programming

V Object-oriented pnjgnimimnfc

V Objects

y Classes

^ Data nhfltrarrinn

y Encapsulation

y Inheritance

> Polymorphism

) Dynamic binding

V Message passing

^ Object-oriented languages

^ Object'baaed languages

Developments in software technology

continue to be dynamic. New tools and
techniques are announced in quick
succession .This hnn forced the software

engineers, and industry to continuously look

for now approaches to software design and

development h and they are becoming more
and more critical in view of the increasing

complexity of software systems as well as

the highly competitive nature of the

industry. These rapid advances appear to

have created a situation ofcrisis within the

industry. The following issues need to be

addressed to face this crisis:

* How to represent peal-life entities

of problems in system design?

* How to design systems with open

interfaces?
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2 Object-Oriented Programming with C++

# How to ensure reusability and -extensibility of modules?
# How to develop modules that are tolerant to any changes in future?

* How to improve jjpftwHrp productivity and decrease software cost?

* How to improve the quality of software?

How to manage time schedules?

• How to industrialize the software development process?

Many software products are either not finished, or not used, or else are delivered with

major errors. Figure 1,1 shows the fate of the US defence software projects undertaken in

the 1970s. Around 50% of the software products were never delivered, and one-third of
those which were delivered were never used. It is interesting to note that only 2%ware used
as. delivered

f without being subjected to any changes. This illustrates that the software

industry has a remarkably bad record in delivering products,

3.5 - p«wd fort**

not received

3

hrtfwtussd

1 r reworfced
Used after

Used!

»

Fi g. 1 .1 <=* The state ofU$ Aeftntz projects (according to- Ate US government)

Changes in user requirements: have always keen a major problem. Another study
{Pig, 1.2) shows that more than 50% of the systems required modifications due to changes
in user requirements and data formats. It only illustrates that, in a changing world with a
dynamic business environment, requests for change are unavoidable and therefore Systems
must be adaptable and tolerant to changes,

These studies and other reports on software implementation suggest that software products

should be evaluated carefully for their quality before they are delivered and implemented.
Some of the quality issues that must be considered for critical evaluation are:

1. Correctness

'I. Maintainability

3, Reusability

4. OpennpsR and interoperability
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Principles of Object-Oriented Pragramming

O r rOfUDluty
6. Security

7. Integrity

B, User friendliness

Selection and uac of proper software tools would help resolving some of these issues.

Hardware

changes

Routine '9-0%

Documentation O^hsr Efficiency

improvement

Emergency 12.4%

Fig. 1.2

Changef In use*

requirements

Crumpes In

data Formats-

£wDtafcwfr o/ppwiVifrrurfrcf a»Js

1 1,2 Software Evolution

Emeat Telle-, fj well-knrmi] wntET in the fid ri ofn rf i fic i ft] intelligence, computed the evolution

of software technology to the growt h of a true Like a tree, the .software evolution has had
distinct phases cir "l&yenT of growth. These (avers were built up one by one over the. last five

hWdftas fih shown in Fig, 1.3, with each layer representingan improvement ever the previous

one. However* the analogy fails ifwe consider the life of these layers. In software systems,

each ofthe layers continues to be functional whereas in the case of trees, only the uppermost
layer ia functinna].

Alan Kay, ene ofthe promoters of the object-oriented paradigm and tiir* principal designer

of Smalltalk, has said: "As complexity increases, arekiteeiuiv dominates the baste materiar.

To build today's complex software it is just not enough to put together a sequence of

programming statements and sets ofprocedures and modules; we need to incorporate sound
construciiun techniques Esrsd prrigrarn structures that are easy to comprehend, implement
antl msidiFy.

KinLE* the irtventiun of the computer, many prngrftm mi ng approaches have Hh+iii trii^d.
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4 • Object-QrieTUed Programming with C++

These include techniques such as modular programming, top-down programming, bottom-

up programming and tftruvtured programming. The primary motivation in each hns h«en

the Concern, to handle the increasing complexity of program h thai an; reliable and

maintainable. These techniques have be<romH popular Hirami; prrigrarnmerh- mer I hi! Inn!

two decades.

Machine language

Assenbly ia-*guage

Prncec!ure-c/y*rile<!

O:\ir-:-. uriE.!ri«od programming

Fig. 1.3 c> ? Jivi'^ Of aMpittrr <ilftaidre

With the advent of languages such as. C
t
structured programming became very papular

and was the main technique of the l&BOs. Structured programmingwas a powerful tool that

enabled programmers to write moderately complex programs fairly easily. However,, as the

programs grew larger, even the structured approach failed to show the desired results in

terms of hug-free, efrSyto-maintgun, and reusable pragTH rans

.

Object-Onsnttd Programming (OOP) is an approach to program oi^anization and development

that attempts to eliminate Home of the pitfalls of conventional programming methods hy

incorporating the best ofstructured pinogramftring fealurt* with .several powerful new concepts. It

is a new way of organizing and developing programs and hah nothing to do with any particular

language. However, riot all languages are suitable to implement the OOP concepts easily,

1 1.3 A Look at Procedure-Oriented Programming

Conventional programming, usiny hiyh levpl ]an#uatf.jy such as COBOL, FORTRAN andC, lh

commonly known as procedure -oriented programming <I
?('W' In the procedure -oriented

approach, the problem is viewed as a Hfiquenne ofthings to be done jsurh as reading, calculating
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Prijv.\ples of Object-Oriented Programming

and printing. A number of functions are written to accomplish these tasks. The primary focus

is on functions, A typical program structure for procedural programming is shown in Fig. 1,4.

The technique ofhierarchical decomposition hag been used to specify the tasks to be completed

for solving a problem.

Fig. 1A « V'yj?fcol slntctu re ofproctduTC'Orim fad programs

Procedure-oriented programming basically consists of writing s, list of instructions (or

actions) for the computer to follow, and organizing these instructions into groups known as

functions. We normally use a flowchart to organize these actions and represent the flow of

control from one action to another. While we concentrate on the development of functions,

very little attention is given tn the data that are being used by various functions. What
happens to the data? How are they affected by the functions that work on khejn?

In a multi-function program, many important data items are placed global bo that they

may be accessed by all the functions. Each function may have ita own local data. Figure 1,6

Hhowfi the relationship of data and functions in a procedure-oriented program.

Global data are more vulnerable Lo an inadvertent change by a function. In a large pretfram

it is very difficult to identify what data is used by which function, hi case we need to revise

an external data structure, we also neefJ to revise all functions that access the data, Thia

provides an opportunity for hugs to creep in.

Another serious drawback with the procedural approach is that it does not model real

world problems very well. Thia is because functions are action-oriented and do not really

correspond to the elements of the problem.

Copy righted m ateri al



6 * Object-Oriented Pnn^rauinunt; \--\lb. C++

Global data

Function -1

Local d-ala

Function -2

Local data

Function -1

Local dala

Fig. 1.5 » Relationship of date utid functiota in procedural programming

Some characteristics exhibited by procedure-oriented programming are:

# Emphasis is on doing things, c algorithms.}.

• Large programs arc divided into smaller programs known as functions.

• Most of the functions share global data.

Data move openly around the system from function to. function.

• Function h trans form data from one form to another.

# Employs top-down approach in program design.

I
I t ObjtTt-Oriciitcd Programming Paradigm

Tht- major motivating; factor in the invention of object-oriented approach is to remove some
of the flaws encountered in the procedural approach, OOP treats data as a critical element

in the program development and does not allow it to flow freely around the system. It ties

data more closely to the functions that operate on it, and protect it from accidental

modification from outside functions. OOP allows* decomposition of a problem into a number
of entities called objects and tht>n builds data and functions around these objects. The
organization of data and functions in object-oriented programs is shown in Fig. 1.6. The
data of an object can be accessed onlyby the functions associated with that object. However,
functions of one object can 6cc*jhk the functions of other objects.

Some of the striking features of object-oriented programming arer

# Emphasis is on data rather than procedure,

* Programs are divided into what are known as objects.

• Data structures are designed such that they characterize the objects,
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Principles of Object-Oriented Programming

Functions that operate on the data of an abject are tied together in the data struc-

ture,

Data is hidden and cannot be accessed by external functions

Objects may communicate with each other through functions.

N L-w data and functions can be easily added whenever necessary.

Follows bottom-up approach in program design.

Object B

C;inTi.."if;i!i.:-

Fig. 1.6 ** Organization ofdata andJunctions in OOP

Object-oriented programming is the most recent concept among programming paradigms

and still means different things to different people. It 13 therefore important to have a working

definition of object-oriented programming before we proceed further. We define "object-

oriented programming an an approach that provides a way of modularizing programs by

creating partitioned memory area for both data and functions that can be used as templates

far creating cop u s of such module* an demand? Thus, an. abject in considered tO be 4

partitioned area of computer memory that stores data and set ofoperations that can access

that data. Since the memory partitions are independent, the objects can be used in a variety

of different programs without modifications.

1 1.5 Basic Concepts of Object-Oriented Programming

It is aece^ary to understand some of the concepts used extensively in object-oriented

programming. These include:

* Objects.

# Classes
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Object-Oriented Programming with 0+

• Data abstraction and encapsulation

• Inheritance

• Polymorph]am
• Dynamic binding'

• Message passing

We shall discuss these concepts in some detail in this section,

Objects

Objects are the basic run-time entities in an object-oriented system. They may represent a

person., a place, a bank account, a table of data or any item that the program has to handle.

They may also represent user-defined data such as vectors, time and lists, Programming
problem is analyzed in terms of objects and the nature of communication between them.

Program objects should be chosen such that they match closely with the real-world objects.

Objects take up space in the mcrnury unci have an associated address like a record in PascaL

or a structure in C.

When a program is executed, the objects interact by sending messages to one anuther.

For example, if
Hcu3tomer

H
and ^account* are two objects in a program, then the customer

object may send a message to the account object requesting for the bank balance. Each
object contains data,, and code to manipulate the data. Objects can interact without having

to know details of each other's data or code. It is sufficient to know the type of message
accepted, and the type of response returned by the objects. Although different authors

represent them differently. Fig. 1.7 shows two notations that are popularly used in object'

oriented analysis and design.

Object: STUDENT

DATA
Name
at£-Ol-birlh

Marks

FUNCTIONS
Tot*
Average

Display

STUDENT

Ibial

Average

Display

Fig. 1.7 = 7'it'Li iraij> of ivprescnting ^fl oHi'tt

Classes

We just mentioned that objects contain data, and code tn manipulate that data. The entire

set of data and code of an object can be made a user-defined data type with the help of a
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class. In fact, objects are variables of the type dam. Once a class has been defined, we can

create any number ofobjects belunying to that dass. Each object is associated with the data

of type class with which they are created- A class is thus ft collection of objects of similar

type. For example, mango, apple and orange are members uf the cJaas. fruit. Glasses are

user-defined data types and behave like the built-in types of a programming language. The

Syntax u$ed to Create an object is no different than the syntax used to create an integer

object in C. If fruit hag been defined as a class, then the statement

frutt mango;

will create an object mango belonging to the class fruit.

Data Abstraction and Encapsulation

The wrapping up of data and functions, into a single unit (called class) is known as

encapniiiatwn. Date encapsulation is the most striking feature of a class, The data is not

accessible to the outside world, and only those functions which are wrapped in the class can

access it. These functions provide the interface between the object's data and the program.

This insulation of the data from direct access by the program is called data hiding or

information hiding.

Abstraction refers to the art of representing essential features without including the

background details or explanations. Classes use the concept of abstraction and are defined

as a list «f abstract attributes? such as size, weight and COSt, and functions to operate On

these attributes- They encapsulate all the essential properties of the objects that are to be

created, The attributes are sometimes called data members because they hold information.

The functions that operate on these data are sometimes called methods or member functions.

Since the classes use the concept of data abstraction, they are known as, Abstract Data

Types (ADT>.

Inheritance

Inheritance is the process- by which objects of one class acquire the properties of objects of

another elasa. It supports the concept of hierarcfiicxit clnsRificatinTi. For example, the bird

'robin' is a part ofthe class 'flying bird" which in again a part of the class "bird*. The principle

behind this Sort of division is that each derived class shares common characteristics with

the class from which it lh derived as illustrated in Fig. 1.8.

In OOP, the concept of inheritance provides the idea of reusability. This means that we
can add additional features to an existing class without modifying it. This is possible by
deriving a new class from the existing one. The new class will have the combined features of

both the classes. The real appeal and power of the inheritance mechanism is that it allows

the programmer to reuse a class that is almost, but not exactly, what he wants, and to tailor

the class in such a way that it does not introduce any undesirable side-effects into the rest

of the classes.
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10 * Object-Oriented Programming with C++

Note that each subclass defines only those features that are unique to it. Without the use

of classification, <wh dags would huve to explicitly include all of its features.

Bird

Attributes

Lay egg^

Flying Bird

Attributes

NonHyin^ Bird

Attributes

Rob\r SwilllOW

Atlrbutes Attributes

Kiwi

Attributes

Fi^. l.S Property inhi'r;\4>!!.:L

Polymorphism

Polymorphism is another important OOP concept. Polymorphism, a Greek term, means the

ability to take more than one form. An aperation may exhibit different behaviours in different

instances. The behaviour depends upon the types ofdata used in the operation. For example,

consider the operation of addition. For two numbers, the operation will generate a sum. If

the operands are strings,, then the operation would produce a third string by concatenation,

The process ofmaking an operator to exhibit different behaviours in different instances is

known as operator overloading,

Fi^urr 1,9 illustrates Lhat a single function name can be used to handle different number
and different types of arguments. This is something similar to a particular word having

s>. r;i! different mannings depending an the context, lining a .single Function name to perform

different types iff lanky i>. known .s- func-tinn wvrlQQrling.

Polymorphism plays an important role in allowing objects having different internal

Ht.Twr.m-fs to share the same external interface. Thin mmnis that a general class of operations
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may be accessed in the same manner even though specific action* associated with each

operation may differ. Polymorphism is extensively used in implementing inheritance.

Shape

Draw 0

Circe obiect

Draw (circle}

Box objeel

Driiw (box;

Tfianrjle object

Draw l'lrifli>glG}

Dynamic Binding

Binding refers to the linking of a procedure call to the code to be executed in response to the

call, Dynamic binding (also known as late binding) means that the code associated with a
given procedure call is not known until the time of the call at run-time. It is associated with

polymorphism and inheritance, A function call associated with a polymorphic reference

depends on the dynamic type of that reference.

Consider the procedure "draw" in Fig. 1.9. By inheritance, every object will have this

procedure. ItH algorithm is, hgwever, unique to each object and so the draw procedure will

be redefined in each class that defines the object. At run-time, the code matching the object

under current reference will be called.

Message Passing

An object-oriented program consists of a set of objects that communicate with each other.

The proceed ofprogramming in an object-oriented language, therefore, involves the following

ha sic steps:

1. Creating clashes thai [hi fine objects and their behaviour,

2. Creating objects from class definitions,, and
3. Establishing communication among objects.

Objects communicate with one another by sending and receiving information much the

same way as people pass messages to one another. The concept of message passing makes it

easier to talk about building systems that directly model or simulate their real-world
counterparts-
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A message for an object is a request for execution of a procedure,, and therefore will

invoke a function (procedure) in the receiving object that generates the desired result. Message

passing involves specifying the name of the object, the name of the function (message} arid

the information to be sent. Example:

amploygo.salary (name]:

object infonnalion

Objects have a life cycle, They can be created and destroyed. Communication with an
object is feasible as long as it is alive.

I
1.6 Benefits of OOP

OOP offers several benefit* to both the program designer and the o.ser. Object-orientation

contributes to the solution of many problems associated with the development and quality

of software products. The new technology promises greater programmer productivity, better

quality of software and lesser maintenance cost. The principal advantages are:

• Through inheritance, we can eliminate redundant code and extend the use of exist-

ing classes.

• We can build programs from the standard working modules that communicate with

one another, rather than having to start writing the code from scratch. This leads

to Baring of development time and higher productivity.

• The principle of data hiding helps the programmer to build secure programs that

cannot be invaded by code in other parts of the program,
• It is possible to have multiple instances of an object to rrt-ejti.si without, any inter-

ference.

• Tt is possible to map objects, in the problem, domain to those in the program.

• It is easy to partition the work in a project based on objects.

• The data-centered design approach enables us to capture more details of a model in

implementable form.

• Object-oriented systems can be easily upgraded from small to large systems.

• Message passing techniques, for communication itctween objects makes the inter-

face descriptions with external systems much simpler.

• Software complexity can be easily managed.

While it is possible to incorporate all the.se features in an object-rtriented system, their

importance depends on the type of the project and the preference of the programmer. There

are a number of issues that need to be tackled to reap some of the benefits stated above. For
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instance, object libraries must be available for reuse, Tbe technology 19 Still developing and

current products maybe superseded quickly r Strict controls and protocols need to be developed

if reuse is not to be compromised.

Developing a software tbat is easy to use makes it hard to build. It ia hoped that the

object-oriented programming tools would help manage this problem.

1 1.7 Object-Oriented Languages

Object-oriented programming is not the right of any particular language. Like structured

programming, OOP concepts can be implemented using languages such as C and Pascal.

However,, programming becomes clumsy and may ^HrtHrate confusion when the programs

grow large. A language that m specially designed to support the OOP concepts makes it

easier to implement them.

The languages should support several of the OOP concepts to claim that they are object-

oriented. Depending upon the features they support, they can be classified into the following

two categories:

1. Object-based programming languages, and
2. Object-oriented programming languages.

Ohjp^t-haf-ed programming in the style- of programming that primarily supports

encapsulation and object identity. Major features that are required for object-based

programming are::

* Data encapKulatiim

* Data hiding and Accem* mechanisms
* Automatic initialisation and clear-up of objects

* Operator overloading

Languages that support programming with objects are said fcc be object-based programming

languages. They do not support inheritance and dynamic binding. Ada is a typical object-

based programming Unguflgt*.

Object-orientedprogramming incorporates all of object-based programming features along

with two additional features, namely, inheritance and dynamic binding. Object-oriented

programming can therefore be characterized by the following statement

Object- based features + Inheritance + dynamic binding

Languages that support these features include C++, Smalltalk, Object Pascal and Java,

Th«™ are a large number of object- basod and object-oriented programming language.

Table 1.1 lists some popular general purpose OOP languages and their characteristics-
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Table 1,1 Characteristics ofsome OOP iunrpiwjus

C'hartirtrrihtim Simuiu Smalltulk C++ .-iDfLl Object Turbo
' 9. • * ". C Pascal *

BiodLdg Birth Lake Balh Both Early 1 ..I. K:irk Rudy Bnth

(early or late! / / V

Polymorphism s V V J

-• v r-' s

ConcnTT^nrv\1"V V L,. UJ ] I J 1 .
s Poor Ptior Mo Mb Proraised

J 1 : I '1 i . lLIILC'
„. v

-
..

In hi) lance
No No - No

Garbage

Collectkm
t V Ne

hi,.

• *

Same

Persistsnee \, Prwiisi'iL No Nh> 3GL No No Support

C*fltrL£Lty No N • M No No

Object Litn-fLfLte ..- Ncrt

much

*

" Pure ohject-oriertted languages
** Object-bafted lart^uafies

Others are extended conventional language*

As> fseen from Table 1.1, all languages provide for polymorphism and data hiding. However,

many of them do not provide facilities for concurrency, persistence and genericity, Eiffel,

Ada and C++ provide generic facility which is an important << instruct fbr supporting fcusc.

However, persistence (a process, of storing objects ) is not fully supported by any cif i hem. En

Smalltalk, though the entire' current execution state can "be saved to disk, yet the individual

objects cannot be saved to an esternal fi le,

Commercially, C+-+- is only 10 yean* uld, Smalltalk and Objective C 13 years old. and Java

only 5 years old. Although Simula has existed for mors than tv- u <h cades, it has spent most

of its life in a research environment. The field is so new. how^v^r. thul it HhouhJ not be

judged too harshly.

Cue at a particular Language depends on dMracteristics and requirements ofan application,

organiEational impart, of the rtioice, and reuse of the cxigring programs. C++ has now become the

most successful, practical, general purpose OOP language, and is widely used in industry uxiay

1 1.8 Applications ofOOP

OOP has become one of the programming buzzwords today. There appears u> im a great deal

of excitement and interest among software engineers in using (X>P. Applications of OOP
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are beginning guin importance in manv areas. TTie most popular application of objectr-

cirih-nU-i] ]>niyrnmr]iinjf, up h:- now., h:is boi n in l.hr .ii i-.d of user interface eli sion ^im us

windows, Hundreds ofwindowing systems have been developed, using the OOP techniques.

Real-business systems are often much, mors* complex and contain many more objevtH with

complicated attributes and methods. OOP is useful in th«?se types of applications because it

can simplify a complex problem. The- promising areas for application of OOP include:

• Real-time systems

• Simulation and modeling
• Object-oriented databases

• Hypertext;, hypermedia and cxpertext

• AI and expert systems

• Neural networks and parallel programming
• Decision support and office automation systems

• CIMCAM/CAD systems

The richness ofOOP environment has enabled the software industry to improve not only

the quality of software systems but also its productivity. Object-oriented technology is

certainly changing the way the software engineers think, analyze, design and implement

systems

.

SUMMARY

O Software technology has evolved through a series of phases during the last five decades.

The most popular phase till recently was procedure-oriented programming <POFi

O POP employs top-down programm ing approach where a problem is viewed as a sequence

of tasks to he performed. A number yf functions are written to implement these tasks.

POP has two major drawbacks, vie, (13 data move freely around the program and are

therefore vulnerable to changes caused by any function in the program,, jand (2) it does

not model very wulL the rcal-wurld problems.

Object-oriented programming (OOP) was invented to overcome the drawbacks of the

POP. It employs the boitnm-up programming approach. It treats data as a critical element

in the program development and docs not allow it to flow freely around the system. It

ties data more closely to the functions that operate on it in a data structure called

class. This feature is called data vt\ capsulation .

O In OOP, a problem is considered as a collection of a number of entities called objects .

Objects are instances of classes.

O Insulation fiFdrit;a from dim t :icress by the program is called data hiding.
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O Data abstraction refers to putting together essential features without including

background details

O Inheritance is the process by which object* of one? c lasH acquire properties nf ohjectn of

another class.

Polymfirphitim means one name, multiple farms. It allows ma to have mere than one

function with the same name in a program. It also allows overloading of operators so

that an operation can exhibit different behaviours in different instances,

O Dynamic binding means that the code associated with a given procedure is not known
until the time of the call at run-time,

o Message passing involves specifying the name of the object, the name of the function

{message) and the information to he sent.

Object-oriented technology offers several benefit* over the conventional programming

methods- -the most important one being the reusability.

C=> Applications ofOOP technology has gained importance in almost all areas of computing

including real-time business systems.

£v There are a number of languages that support object-oriented programming paradigm.

Popular Hmnn^ Lhrnn are C++, Smalltalk and Java. C++ has become an industry standard

language today,

Key Terms

> Ada > flowcharts

> assembly language > function overloading

> hottom-up programming > functions

> C++ > g-urbagp tyl lection

> classes > global data

> concurrency > hierarchical classification

> data abstraction > inheritance

> data encapsulation > Java

> data hiding > late binding

> data members > ktcal data

> dynamic binding > machine language

> early binding > member functions

> Eiffel > message passing

(Contd)

Copyrighted material



Principles of Object-Oriented Programming m 17

>

>

>

>
>

>
>

modular programming

r>)uitiplf^ iilklLTi LSiijCi:

object libraries

Object Pascal

object'based programming

Objective C

object-oriented languages

object-oriented programming

objects

rm* Hilda >

>

>

>

>

>

>

>

iificriattir overloading

iKTiiistence

IHjlymorphiam

procedure-oriented programming

reusability

Simula

Smalltalk

structured programming

tup-down programming

Turbo Pascal

Review Questions

1.1 What da you think are the major issues facing the software industry today!

1.2 Briefly discusH the software evolution during the period 1950 — 1990-

1.3 What is procedure-oriented programming? What are its main characteristics?

1.4 Discuss an approach to the development of procedure-oriented programs.

1.5 Describe how data are. shared by functions in a procedure-oriented program.

1.6 What is object-oriented programming? Haw is it different from the procedure-

oriented programming?

1.7 How are data and functions organized in an object-oriented program?

1.8 What are the unique advantages of an object-oriented programming paradigm?

1.9 Distinguish between the following terms:

fa) Objects and classes

(a) Data abstraction and data encapsulation

(c> Inheritance and polymorphism

fd) Dynamic binding and message passing

1.10 Whul kinds of things can become objects in OOP?
1.11 Describe inheritance- as applied to OOP,
1. 12 What do you mean by dynamic binding? How is it useful in OOP?
1.13 How does object-oriented approach differ from object-based approach?

1.14 List a few areas of application ofOOP technology.

1.15 State whether the following statement* are TRUE or FALSE.

(a.i In procedure-oriented programming, all data are shared by all functions.

(bl The main emphasis of procedure-oriented programming is on algorithms

rather than on data.
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(c) One of the striking features ofobject-orientedprogramming is ifu> division of
programs into objects that represent real-world entities.

(d) Wrapping up of data of different types into a xintfle unit is known an

encapsulation.

(e) One problem With OOP is that once a claxd is created it ca n never be changed.

(f) Inheritance means the ability to reuse the data values of one object by

(g) Polymorphism is extensively used in implementing inheritance.

(h) Object-oriented progrumn are executed muck faster than conventional

programs.

i\) Object-oriented systems can scale up better from small to large.

(j) Object-oriented approach cannot be used to create databases.
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Beginning with C++

Key Concepts

V C wilh cla.mws

> C++ features

V Main function

^ C++ commentH

V Output operator

* Input operator

^ Header File

> RH urn State tnfnL

> Namespace

^ Variables

^ Cascading of operators

W C++ program structure

y Client-server model

y Snurc:e file creation

y Compilation

> Linking

|2.1 What is C++?

C++ is, an objeei-orienbed programming
language. It was developed by Bjarnc

Stroustrup at AT&T Bell Laboratories in

Murray Hill , New Jersey, USA, in the early

1980's. Stroustrup, an admirer ofSimula67

and a strong supporter of C, wanted to

combine the best of both (}>«h language and

create amore powerful language that could

support object-oriented programming
features and still retain the power and
elegance of C. The result was C++.
Therefore, C++ is an extension ofC with a

major addition ofthe class construct feature

t-A' Sinrula67, Since the class a. major
addition to the original C language,
Stroustrup initially called the new language

C with dales'. However, later in 1963, the

name was changed to C++, The idea ofC++
comes from the C increment operator ++,

thereby suggesting that C++ is an
augmented (incremented) version of C.

During the early the language

underwent a number of improvements and
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changes. In November 1997, the ANSI/ISO standards committee standardised these changes

and added several new features to the language specifications.

C++ is a superset of C. Most of what we already know about C applies to C++ also.

Therefore, almost all C programs are also C++ programs. However, there are a few minor
diffuranraii that will pruvttnL a C program "a run undur C++ compiler, We shall see these

differences later as and when they are encountered.

The most important facilities that C++ adds on to C are clashes, inheritance, function

overloading, and operator overloading. These features enable creating of abstract data

types H inherit properties from existing data types and support polymorphism, thereby

making C++ a truly object-oriented language,

The object-oriented features in C++ allow programmers to build large programs with

clarity, extensibility and ttasu t>f maintenance, incorporating the spirit and efficiency of C,

The addition of new features has transformed C from a language that currently facilitates

top-down, structured design, to one that provides bottom-up, object-oriented design.

[ 2 . 2 Applicat ions of C+ +

C++ in a versatile language for handling very large programs. Ii ; - .-ui table for virtually any
programming task including development of editors, compilers, databases, communication
systems and any complex real-lite application systems.

* Since C++ allows us to create hierarchy-related objects., we can buildspccial object-

oriented libraries which can be used later by many programmers.
• While C++ ie able to map the real-world problem properly, the C part of C++ gives

the language the ability to get close to the machine -level details.

• C++ programs are easily maintainable and expandable. When a new feature needs
t» ht> implemented, it is vary «aHy to add to the exiting structure yf an object-

* It is expected that C++ will replace C as ajseneral-uurpo^e Language in tht! near future.

1 2.3 A Simple C++ Program

Let us begin with a simple example ofa C + + program that prints a string on the screen.

PUNTING A STRING

include «=1 ast rearr.> // include header file

usi^g namespace 5td;

(Cantd)
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int mainf)

cokft « "C++ is better thin C.\n"; // C++ stataneJif

return 0;

^ ffiypj^y ^ ^ c^ example ;

if'(^0^^^
fRWWW £.1

1

This simple program demonstrates several C++ features.

Program Features

Like C, the C++ program is a collection of functions. The above example contains only one

function, mainO. As usual, execution begins at mainO- Every C++ program must have a

mainO C++ is a free-form language. With a few exceptions, the compiler ignores carriage

returns and white spaces, Like C the C++ statements terminate with semicolons.

Comments

C++ introduces a new comment symbol // i double slash). Comments start with a double

slash symbol and terminate at the end of the line, A comment may start anywhere in the

line, and whatever fallows till the end of the line is ignored. Note that there is no closing

Symbot-

The double slash comment is basically a single line comment. Multiline comments can be
written as follows:

// This is art example of

// C++ program to illustrate

// Some Qf its features

The C comment symbols i
x

,

"/ are still valid and are more suitable for multiline comments.

The following comment is allowed:

/* This is. an example, of

C++ program to illustrate

same of its features

7

We can use either or both styles in our programs. Since this is a boot on C++ , we will use

only the C++ style. However, remember that we can not insert a# style comment within the

text offl program line. For example, thtf double slash comment cannot be used in the* manner
as shown below:

forfj-Q; j^n; /* loops n times */ j+*J
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Output Operator

The only statement in Program 2,1 is an output statement. The statement

cout « "C++ is better than C.
H

;

causes the string in quotation marks to be displayed on the screen. This statement

introduces two new C++ features, cout and «. The identifier cout ' pronounced as 'C out
1

) is

a predefined ithjetrt that represents the .standard output Htretim in C++. Here t the standard

Output stream repi*enenLs the surHen. Ft is aJscs possihU I it n 'dined the output to other output

device. We shall LaLer discus HLreurns in detail.

The operator << is called the insertion or put to operator. It inserts (or sends) the contents

of the variable on its right to the object on its left (Fig. 2.1).

... 1

0

CHJjfiCl Inserton operator
V.|-:;alilM

Figr 2.1 « Qi'tyvi h?ju£ insertion operator

The object cout has a simple interface, If string represents a string variable, then the

iiillmvinn slalemenl. will display i"- conlenrn:

cout « string:

You may teh-hII that the operator <:<: is the bit-wise left-shift operator and it can still be

used for this purpose. This b an example of how one operator can be used for different

[jurposes, depending on the context. This concept is known an operator nvprlnading, an
important aspect ofpolymorphism. Operator overloading is discussed in detail in Chapter 7.
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It is important to note that we can still use printfT) for displaying an output. C++ accepts

this notation. However, we will use cout « to maintain the spirit of C++.

The iostream File

We have used the following ^include directive in the program;

include iostream*

This directive causes the prepnotieHHur to add the contents of the io»tream file U) the

program. It. eontainH declarations for the identifier cout and the operator «. Some old

versions ofC++ use a header file called ioslream.h. This is one of the changes introduced by
ANSI C++. fWe should use iostream.h if the compiler does not support ANSI C++ features. j

The header file iostrcarn should be included at the beginning of all programs that use

input/output statements. Note that the naming conventions for header files may vary. Some
implementations use iostream.hpp; yet others iostream.hxx. We must include appropriate

header files depending on the contents of the program and implementation.

Tables 2.1 and 2.2 provide lists ofC++ standard library header files that may be needed

in C++ pregrams. The header files with ,h extension are "old style" files which should be

uKed with old compiler*. Table 2. ] aln« gives the version of these files that should be used
with the ANSI standard compilers.

Table 2.1 Com.man.Jy used old-style header files

Header file

—:

:

Contents and purpose New version

C3J.ESCTt.rj> Contains macros and information for adding diagnost ies that

ui;l j i n b; r; i ri i debugging

<cassert>

<ctype.h? Contains function prototypes for functions that teat characters

for curtain properties, and function prototypes for functions

that can be used to convert lowercase letters to uppercase letters

and vice versa.

<cctype>

<cfloat.h> Contains the floating-point wee limits nf the system. <cfloats

<lmulfi.h> Contains the integral size limit* uf the system. <clitnite>

<math.h> Contains function prototypes for math library functions. <cmath>

<stditt.li> Contain.1
) functirm prototypes- for the standard inpulAiutput

library functions and information used by them.

<:gstd,io>

<stdlib.h> Contai nfi function prototypes for conversion of numbers to text,

lt!xt to numbers, memory allocation, random numbers, and

various other utility functions.

<cstdlib>

ciLriiijj.il> Contains function prototypes for C -style string processing

functions.

<csEring>

(Conid)
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Table 2. 1 iContd}

Header /Tie

«time-h>

Content ft and pu

Cont9i.na function prototypes and types for manipulating the.

Lime and date.

'

JVew wrsion

<iostream><io&tream,h> Contains function prototypes for the standard input and
standard output functions.

<iomanip-h> Contains function prototypes for the stream manipulators that <iomamp>
enable formatting of streams of data.

<fstreamh> Contains function prototypes for functions that perform Input <fstream;>

from files on distt ami ourput to files on disk.

Table 2,2 New header files included in ANSI C+ +

Header

<utiiity>

<vecior>, <liHt>, <deque>

<queue>„ <set>, <map>,

<stack>, <bitset>

<furlctioiial>

tmemury >

<iterator>

<algorithm>

c exceptions cstdencept*

<string>

<as.tream>

<?loealc>

1 . 1 1 1 1 :
- -

<typcinfo>

Contents and purpose

Contains classes and functions that are used hy many standard

library header files.

The header files contain classes that implement the standard

Library containers Containers store data during a program's

execution, We discuss these header files in Chapter 14

Contains classes and functions used by algorithms of the stan-

dard library.

Contains classes and functions used by the standard library to

allocate memory Co the standard library containers

.

Contains classes for manipulating data in the standard library

containers.

Contains functions for manipulating data in the standard Library

containers.

These header files contain classes that are used for exception

handling.

Contains the definition of class string from the standard Lihrary.

Discussed in Chapter 15

Contains function prototypes for functions that perform input

from strings in memory and output to strings in memory.

Contains classes and functions normally used by stream process-

ing to process data in the natural form for different Languages

(e.g., monetary formats. Porting strings, character presentation,

etc,)

Contains a class far defining' the numerical data type limits on

each computer platform,

Contains classes for run-time type identification lueUTminmn
data types at execution time).
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Namespace is a new concept introduced by the ANSI C++ standards committee. This defines

a scope for the identifiers that are used in a program. For using the identifiers defined in

the namespace scope we must include the using directive, like

using namespace ^to°;

Here, std is the namespace where ANSI C++ standard class libraries are defined. All

ANSI C++ programs must include this directive. This will bring all the identifiers defined in

std to the current global scope, using and namespace are the new keywords of C++,
Namespaces are discussed in detail in Chapter 16.

Return Type of main ( }

In C++, mainO returns an integer type value to the operating system. Therefore, every

maiilO in C + + shmild end with a retura(O) statement; otherwise a warning or an error

might occur. Since maim: ) returns an integer type value, return type for mainO is explicitly

specified us int. Note that the default return type for nil functions in C++ is lilt. The following

main without type anrl return will run with a warning:

mainO

I

-----

}

1 2 .4 More C+ + Statements

Ijet lis consider e slightly more complex C++ program. Assume that we would like to read

two numbers from thf keyboard and display their average on the screen, C++ statements to

accomplish this is shown in Program 2.2.

AVERAGE Of TWO NUMBERS

* include *-iu5cream> j

v: *^

ustwj namespace std; _ Va^A

1rt ^in{) ". 1 ""

float number! T number?/; -

;
.

J

; i*.-... ..
-'

^
sum, average; ^' >"~x '

i Con tdj
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coat « "Enter two numbers: M
; // prompt

f ""l rt Aiimkfll^l i ' V fid ft fit- rt 1 1 Itt rl r(.in nuiiiuHri, jrt?tfu> injjjiiijpri

cin » numb q rl \ // from keyboard

^um - nymijeri + r^u^iocrt,

average = sum/?;

i~ n 1 1 "f m." .r C 1 1m ; .— i n-. * in 1 .LUUi - - JUlll - - iUM« XII ,

cout « "Average a " « average « *\ri";

return 0;

if 1
PROGRAN 2.Z

The output of Program 2,2 is:

Enter two numbers 6.5 7.5

Suf - 14

Average - 7

Variables

The program usee four variable? numbcrl. n li mbcrii, sum, and average. They are declared

as type float by the statement.

float nunberl, nunber2, sum, average;

All variables must be declared before they are used in the program.

Input: Operator

The statement

Cin » numberl;

is an input si ;n rnn.-[it and causes the program to wait for the user to type in a number. The
number keyed in is placed in the variable number 1. The identifier cin (pronounced 'C in\> is

a predefined obj«ci in C++ thai corresponds to the standard input stream. Here, this stream

reprttsenbi the keyboard.

The operator» is known as extraction or get from operator. It extracts <or takes > the

value from the keyboard and assigns it to the variable on its right i Fig 2.2). This corresponds

to the familiar scanft > operation. Like « . the operator» can a] go be overloaded.
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Object Extraction operator Vanafcte

Fig. 12 « Jupn f usiny iMrfrachiuw operator

Cascading of I/O Operators

We have used the in&erlian operator « repeatedly in the last two statements for printing

results,

The .statement

cout "Sum sum « "XrT;

first Bends the string "Sum =" to cout and then sends the value ofsum, Finally „ it sends the

newline character so that the next output will be in the new line. The multiple use of« in

one statement is called caw-nding. When cascading an output operator, we should ensure

necessary blank spaces between different items. Using the cascading technique, the last

two statements can be combined as follows:

cout « "Sum « sum « n \n
m

« "Average = " « average « "\n";

This is one statement but provides two lines ofoutput. Ifyou want only one line of output,

the statement will be:

cout ** "Sum ' « sum « "/
« "Average = " « average « "\rTj

The output will be:

Sum = 14. Average - 7

We can also cascade input operator » as shown below'

cln >* numberl number?;

The values are assigned from left to right. That is, ifwe key in two values, aay, 10 and 20,

then 10 will be assigned to numbtrrl and 20 to number2.
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1 2.5 An Example with Class

One ofthe major features ofC++ is classes. They provide a method of binding together data

and functions which operate on them, Like structures in C classes arc user-defined data

types.

Program 2.3 shows the use of class in a C++ program.

USE OF CUSS

^include "ostreanp-

using namespace std;

class person

I

char name f 30] i

int age;

publ 1 C

:

void getdata{vo*d)

;

void di spi a^tvo-id)

:

h
void person :: getdatafvold}

[

cout <* "Enter nan*:

cln » name;

caut "Enter agei ";

cln *> age;

V
void person display! void)

i
cout << "\nName: " « name;

cout « *\nAge: " « age;

1

lot main()

V
person p;

p.getdataf);

p.displayOi

return 0;

PROGRAM !.i
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The output of Program 2.3 is:

Enter Name: Rovmtfer

Enier Agt: 30

Name: RaYinder

Age: 30

n&ie The program defines person m a ne™.' data of

type class. The class person include two basic

data type items and two functions to operate on

that data. These functions are called member
functions. The main program uses person to

declare variables of its type. As pointed out

earlier,, class variables are known as objects. Here
H p is an object of type person. Class

objects are used to invoke the functions defined in that class. More about classes and objects

is discussed in Chapter 5.

cin can read only one word and
therefore we cannot use nami':- ••>hh

blank spaces.

^ J

1 2.6 Structure ofC+ + Program

As it can be seen from the Program 2,3, a typical C++ program would contain four sections

as shown in Fig, 2.3. These sections may be placed in separate code files and then

compiled independently or jointly.

Indude Res

Class declaration

Member functions, definitions

Main fun-dion program

Fig. 1JS «=* Stmt:tare ofa C ++ program

It 15 9 common practice to organize a program into three separate files. The class

declarations are placed in a header file and the definitions of member functions go into

another file. Thie approach enables the programmer to separate the abstract specification
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of the interface (class definition.) from the

implementation details (member functions

definition), Finally* the main program that uses

the class is placed in a third file which "includes"

the previous two files as well as any other files

required.

This approach is based un the concept of

client'Server model as shown in Fig. 2.4. The
class definition including the member functions

constitute the server that provides services to

the main program known as client. The client

uhhh the server through the public interface of

the dass-

1 2.7 Creating the Source File

Like C programs, C++ programs can be created using any text editor. For example, on the
UNIX, we can u.ne vi or ed text editor for creating and editing the source code. On the DOS
system, we can use ediin or any other editor available or a word processor system under
non-document mode.

Some systems such as Turbo C+ + provide an integrated environment for developing and
editing urograms. Appropriate manuals should be consulted fur complete details.

The file name Hhould have a proper file extension to indicate that il is a C + + program
file. C++ implementations use extensions such as c, C, .cc, .cpp and cxx. Turbo C++ and
Borland C++ use .c for C programs and cpp (C plus plus) for C++ programs. Zortech C++
system uses .cxx while UNIX AT&T version uses ,C ( capital C r and .cc. The operating system
manuals should be consulted to determine the proper fde name extensions to be used.

1 2.8 Compiling and Linking

The process of compiling and linking again depends upon the operating system. A few popular
systems are discussed in this seel ion.

Unix AT&T C+ +
The process of implementation of a C++ program under UNIX is similar to that of a C
program.We should use the "CC" (uppercase* command to compile the program. Remember,
we nee luwercaw "cc" for compiling C programs. The command

CC examples

at theUNIX prompt would compile theC++ program source code contained in the file example,C.
The compiler would produce an object file examples and then automatically Link with the

library functions to produce an executable file. The default executable filename is Euo-ut.

Member fuivnions

Class definition

Main fusion program CI.:-

1

Fig. 2.4 e= 77<l* ilieM-semer modd
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A program spread rtvt»r multiple files can be compiled as follows:

CC filel.C filel.o

The statement compiles only the file filel.C and Links it with the previously compiled

filc2.o fiie.This is useful when only one of the files needs to be modified. The files that are

not modified need not be compiled again.

Turbo C++ and Borland C+ +
TurboC++ and Borland C++ provide an integrated program development environment under
MS DOS. They provide a built-in editor and a menu bar which includes options such as File,

Edit. Compile and Rue].

We can create and save the source files under the File option, and edit them under the

Edit option. We can then compile the program under the Compile option and execute it

under the Run option. The Run option can be used without compiling the source code. In

thi h case, the RUN command causes the system to compile,, link and run the program in one

step. Turbo C++ being the most popular compiler, creation and execution ofprograms under
Turbo C++ system are discussed in detail in Appendix B.

It is a Microsoft application development system for C++ that runa under Windows, Visual

C++ isa visual programming environment in which basic program components can be selected

through menu choices, buttons, icons, and <j1 hor predetermined methods. Development and
execution ofC++ pro^ramH under Windows are briefly explained in Appendix C,

v£> C++ is a superset of C language.

<£0 C++ adds a number of object-oriented features such as objects, inheritance, function

overloading and operator overloading to C. These feature enable building of programs
with clarity, extensibility and case of maintenance.

O C++ can be used to build a variety of systems such as editors, compilers, databases,

communication systems, and many more complex real-life application systems.

O C++ supports interactive input and output features and introduces a new comment
symbol // that can be used for single line comments. It also supports C-atyle comments.

O Like C programs, execution of all C++ programs begins at main( > function and ends at

return ( ) statement. The header file iostrcam should be included at the beginning nf

all programs that use input/outpul operations,

Visual C+ +

SUMMARY
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O All ANSI C++ progrHiriH must include using n.amespac« std directive.

O A typical C++ prop-am would contain four basic sections, namely* include files section,

class declaration section, member function section and main Function section,

O Like C programs, C++ programs can be created using any text editor,

& Most compiler systems provide an integrated environment for developing and executing

programs. Popular systems are UNIX AT&T C++,, Turbo C++ and Microsoft Visual

C++.

Key Terms

> #inc3ude > maind
> a+out > mEfmiwr functionH

> Borland C++ > MS-DOS
> cascading > ftatnenpat

> cm > object

> class > operating systems

> client > operator overbading

> comment? > output operator

> cout > put to operator

> twlliu > return f i

> extraction operator >
> float > server

> free- form > SimulafiT

> get from operator > text editor

> input operator > Turbo C++

> insertion operatnr Unix AT&T C++

> Int > using

> loAlream > Visual C++

> iostreamh > Windows

> keyboard > Zortech C++

£
Review Questions

2.1 State whether the fallowing statement* are TRUE ar FALSE.
i :i i Since C in a subset £»/~C++, all C pPtygrams will run under (?+ + cnmpilem.
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(b) In C++, a function contained within a class is called a member function.

f c.i looking at one or two lines ofcode, we can easily recognize whether a program
is written in C or C++. ,

(d) In C++, it is very easy to add new features to the existing structure ofan
object.

(e) The concept of using one operator for different purposes is known as aerator

overloading.

([) The output function printft) cannot be used in C++ programs.

2,2 Why do we need the preprocessor directive ^include <iostream> ?

2 3 How does a main('i function in C++ differ from main() inC?

2.4 What do you think is the main advantage ofthe comment 1 1 in C++ as compared
to the old C type comment?

2.5 Describe the major parts of a C++ program.

|
fH'buggittg Exercises

2.1 Identify the error in the following program,

include <1 o$t rearm h>

void matnO

I

int 1 =0;

1 = 1 + 1:

cout i « " ";

/*Comn*ntV7/1 -1+1;
cout « i

;

}

2.2 Identify the error in the following prc»p\»m.

include <\ 05treain,h>

void mainf)

i

short 1-2500, J -3000;

cout >> "i * j - " » -fi+j);

}

2.3 What will happen when you run the following program?

•Include <i ostreanv, h*

void irainf}

I
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int i=lD
p
j«S:

1 nt modRes u 1
1 -0

;

i int d>vR&sult=0;

modfteiult = iVj;

cout « mod Result « " w
; .4

divResult - i/modResult;

cout d> vResult;

}

2.4 Fitid errors, if any, in the followLng C++ statements.

la) cout« "x=" x;

(b) m = n;//n= lO;//s=m + n;

(c) cin »x; »y;
(d) cout« \Vl "Name:"« nam*1

;

(e) cout «"Ent&r value:"; cin» x;

(f) /*Addition*/ z = x + y;

Programming Exercises

2. 1 Write a program to display the following output using a single cout statement.

Maths = 90

Physics = 77

Chemistry ~ 69

2.2 Wrrfc a program to read two numbers from the keyboard and display the larger

value on the screen.

2.3 Write a program to input an integer value from keyboard and display on screen

"WELL DONE" that many limes.

2>4 Write a program to read the values of a, b and c and display the value of x, where

.t a / b - c

Test your program for the following values:

(a) a - 250, b^85 r c-25
(b) a - 300, b^?0t c-70

2.5 Write a C+-+-program that will ask for a temperature in Fah renfteit and display it

in Celsius,

2.6 Redo Exercise 2.5 using a class called temp and member functions.
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Tokens, Expressions and

Control Structures

Key Concepts

> Tokens > iicupe resolution

> Keywords > litre ferencing

> Identifier!

Data types

> Memory management

> > Formal titin Lhe output

> User-defined types > Type casting

> Derived type& > Construe! liij"' btxpreHnLOhH

> Symbolic constants > Special assignment expressions

> Declaration of variables > Implicit conversion

> Initialization > ( .) fn>rrt Li )r ov( tI rtHtii ri£

> Reference variables > Control atructurw

> Type compatibility

1 5.1 Introduction

As mentioned earlier, C++ is a superset ofC and therefore most constructs ofC are legal in

C++ with their meaning unchanged. However, them are some exceptions and additions. In
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this chapter, we shall discuss these exceptions and additions with respect to tokens and
control structures.

1
3-2 Tokens

As we know, the smallest individual units in a program are known as tokens. C++ has the

following tokens:

• Keywords
• Identifiers

+ Constants
• Strings

• Operators

AC++ program is written using these tokens, white spaces, and the syntax ofthe language-

Most of the C++ tokens art basically similar to the C tokens with the exception of some
additions and minor modifications.

1 3-3 Keywords

The keywords i mplcment specific C++ lunguugu features, They Eire explicitly reserved identifier?-;

and cannot be used as names for the program variables or other user-defined program
elements-

Table 3.1 gives the complete set ofC++ keywords. Many of them are cumjnon to both C and

C++. The ANSI C keywords are shown in boldface. Additional keywords have been added to

theANSI C keywords in order to enhance its featuresand make it an object-oriented language.

ANSI C++ standards committee has added Home more keywords to make the language more

versatile. These are shown separately- Meaning and purpose of all C + + keywords are ipven

in Appendix D.

[$.4 Identifiers and Constants

Identifiers refer to the names of variables, functions, arrays, classes, etc. created by the

programmer. They are the fundamental requirement of any language, Each language has its

own rules for naming these identifiers. The following rules are common to both C and C++:

• Only alphabetic character."*, digits and underscores are permitted.

• The name cannot start with a digit.

Uppercase and lowercase letters are distinct.

• A declared keyword cannot be used as a variable name,
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asm double new switch

auto eUhj operator template

break cnum private tiui

ease extern protected : hrou

catch float public try

char far register typedef

class friend return union
const goto short unsigned
continue if signed virtual

default inline void

delete bit static volatile

do long struct while

Adtttd by ANSI C++
boot

^riTiuh I'll i l h" II" 1
. L i 1

." 1

dynaraic_ea*t

explicit

export

mutable

namespace

reinterpret cast

a L -LU L LL LU.i L

true

typeid

typename
1 1 mil n IT'JpJ 1 L |_!

wchar_t

jVote: JVi* ANSI C keywords are shown in botd face.

A major difference between C and C++ is the limit on the length of a name. While ANSI
C recognizee only the first 32 characters in a name, ANSI C++ places na limit on its length

and, therefore, all the characters in a oarne ire significant.

Care should be exercised while naming a variable which is being shared by more than one

file containing C and C + + urograms, Some operating Hy-startiR irnnose a restriction on the

length of such a variable name.

Cnr^fanta refer to fixed values that do out change during the execution of a program.

Like C H C++ supports several kinds of literal constants. They include integers n characters,

floating point numbers and strings. Liberal constant do not have memory locations, Examples;

123 // decimal integer

12.34 // floating point integer

027 JJ octal integer

Ox? // hexadecimal integer

"C++" // String constant

'A* // character constant

L"ab" // wide-character constant

The wchar_t type is a wide-character literal introduced byANSI C++ and is intended for

character sets that cannot fit a character into a single byte. Wide-character Literals begin

with the letter L.
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C++ also recognizes all the backslash character constants available in C.

C++ supports two types of string representation — the C-style character string and the

Hiring dans type LninHlinNid with Standard C++. Although the iiif.- of the string class type is

rttummt;nded, it is advisable to understand and use C-style strings, in some situations. The
string class type strings support many features and are discussed in detail in

^
Chapter 15, j

|3.5 Bask1 Data Types

Data types in C++ can be classified under various categories as shown in Fig. 3.1,

Usar-dsfined typa

ilrucEure

union

class

enumeration

Integral type

£** Data Types

Built-in type

Void

EterlwdtyiM

array

function

pointer

Floating type

Int char loat doubia

Both C and C++ cumpilerH support all thp built-in (also knuwn hh basic or fundamental .1

data types. With the exception of void, the basic data types may have several modifiers

preceding them to serve the needs nf various situations- The modifiers signed, unsigned,

long, and short may be applied to character and integer basic data types, However, the

modifier lung7 may also be applied to double. Data type representation is machine specific in

C++- Table 3.2 lists all combinations of the basic data types and modifiers along with their

size and range for a 16-bit word machine.
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Table 3.2 Sine and Hinge C/C++ fyosic dnta types

Type Bytes

cllHT

unsigned eh&r

signed char .

int

unfii(fnRd int

signed int

short int

unsigned short int

signed short int

long int

signed long int

uniufnied long int

float

dttuhlL-

long double

]

1

l

2

'1

••

1

I

2

i

i

I

J

s

10

-128 to 127

0 to 255
- 128 to X27
- 327«8 to 32767

D to 65535-

- &176fl to 32767
- 31766 to 32767

0 to 6553d
-32768 to 32767

-2147483648 to 2147483647

-2147483648 to 2147483647
0 to 4294967295

3.4E-38 to 3.4E+3H

1.7E-308to 1.7E+3GB

3.4R-4932 to L.1E+4932

ANSI C++- «>mmittee h n.s added two more data types, boot and wchar_t, Tbey are discussed
in Chapter 16.

The type void was introduced in ANSI C, Two normal uses of void are (1.) to specify the

return type of a function when it is not returning any value, and. (2) to indicate an empty
argument list to a function. Example:

void fu net 1 (void);

Another interesting una of void is in the declaration of generic pointers. Example:

void *gp; // gp becomes generic pointer

A generic pointer can be assigned a pointer value of any basic data type, but it may not be

dereferenced. For example,

1nt *ip; // tnt pointer

np - ip; // assign int pointer to void pointer

are valid statements, But, the statement*

*ip = *gp:

is illegal. It would not make sense to dereference a pointer to a void value.

Assigning any pointer type to a void pointer without ufiing a Last in allowed ib both C++
and ANSI C. In ANSI C, we can also assign a void pointer to a non-void pointer without

using a cast to non-void pointer type. This is not allowed in C++. For example,
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void T ptrl;

char* *ptrZ;

ptr2 = ptrl;

are all valid statements m ANSI C but not in C++. A void pointer cannot be directly assigned

to other type pointers in C++. We need to use a cast operator as shown below:

ptr2 = (char *)ptrl;

1 3 6 User-Defined Data Types

Structures and Classes

We have used user-defined data typos such as struct and union, in C. While these data typea

are legal in t>+, soma more features have been added to make them suitable for object'

oriented programming, C++ also permits us to define another user-defined data type known
as class which can be used, just like any other basic data type, to declare variables. The
class variables are known as objects, which are the central focus of obj uct-orien ted

programming, More about these dtota types is discussed later in Chapter 5.

Enumerated Data Type

An enumerated data type is another user-defined type which provides a way for attaching

names to numbers, thereby increasing ccunpreheriEibility of the codf?, The vnum keyword

(from C) automatically enumerates a list ofwords by assigning them values 0,1,2, and so on,

This facility provides an alternative means fur creating symbolic constants. The syntax of an

enmn statement is similar to that of the struct statement, Examples;

enum shapefcircle, square, triangle];

enum colourjred. blue, green, yellow);

enum posU1on[off, on};

The enumerated data typrs differ slightly in C++- wh^n compared with those in ANSI C. In

C++, the tag naine£ shape, colour, and position become new type names. By using these

tag names, we can declare new variables. Examples:

shape ellipse; // ellipse is of type shape

colour background; // background is of type colour

ANSI C defines the types ofenums to be inta. In C++, each enumerated data type retains

its own separate type. This means that C++ does not permit an int value to be automatically

converted to an enum value. Examples:

colour background = blue; // allowed

Lolour background = 7j // Error 1n C++

colour background - (colour) 7; //OK
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However, an enumerated value can be used in place ofan int value,

int c * red; // valid, colour type promoted to Int

By default, 1 the enumerators are assigned integer values starting with 0 for the first

«numprat«r
F 1 far thv. second, and so on. We can override the default by explicitly assigning

integer values to the enumerators, fur example,

enum colour{red t blue=4, green=6f;

enum col our {red =5. blue, green]

;

are valid definitions. In the first case, red is I) by default. In the second case, blue is (5 and
green is 7. Note that the subsequent initialized enumerators are larger by one than their

predecessors.

C + +- also ]MT[]iiLH thE> creation of anonymous enums (i.e., enuma, without tag; names).

Example:

enumtoff, on};

He>i off is 0 unci an is 1, These constants may be referenced in the same manner w
regular constants Knfunplee;

int switch_l = off;

int switcti_2 - an;

Tn practice^ enumeration is used to define symbolic constants for a switch statement.

Example:

en urn shape

\

ci rcl e,

rectangle*

tri angle

h

int main()

;

cout * c "EntEr shape codei''^

int cade;

cin >> code;

v»hi 1 e (code >- circle Li. code <» triangle)

{

?wi t encode)
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case circle:

.

-

break;

case rectangle;

break:

case trianglei

breaks

)

cc-ut "Enter shape code;":
cln » codei

}

rout « M
BVE \n\

return Oj

}

ANSI C permits an enum to be defined within a structure or a class, but the enum is

globally visible. In C++, an enum defined within a class (or structure) is local to that class (or

structure) only.

[
5 .7 Derived Data Types

Arrays

Hie application ofarrays in C++ is (similar to that in C. Thy cm ly exception is the way character

arrays- are initialised- When initia Lizing a character array in ANSI C, tht* compiler will allow

us to declare the array size as the exact length of the string constant. For instance.

char string[3] "xyz";

is vaMd in ANSI C It assumes that the programmer intends to leave out the null character \0

in the definition. But in C++, the size should be one larger than the number ofcharacters in

the string.

char string[4] "xyz"; // O.K. for C++

Fundimis

Functions have undergone major changes in C++. While some of these changes are simple,

cither^ require a new way of thinking when organizing our program h, Many of these
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modification and improvements were driven by the requirements of the object-oriented

concept of C++. Some of these were introduced to make the C++ program more reliable and
readable. All the features of C++ functions are discussed in Chapter 4,

Pointers

Pointers are declared and initialized as in C, Examples:

int *ip; i nt pointer

ip Sx; // address of x assigned to ip

*ip » 10; // 10 assigned to x through indirection

C++ adds the concept of constant pointer and pointer to a constant,

chjr * cgn-5t ptrl - "GOOD"; // constant pointer

We cannot modify the address that ptrl is initialized to.

Int const * ptr2 = frr; // pointer to a constant

ptr2 is declared as pointer to a constant, H can point to any variable of correct type, but the

content^ of what it points to canncit be changed.

We can also declare both the pointer and the variable as constants in the following way:

const char * const cp = "xyi";

This statement declares cp as a constant pointer to the string which has been declared a

constant, [n thin case, neither the address assigned to the pointer cp nor the contents it

points Id can he changed.

Pointers are extensively used in C++ for memory management and achieving

polymorphism.

1 3,8 Symbolic Constants

There are two ways of creating symbolic constants in C++:

• Using the qualifier const, and
• Denning a set of integer constants using enum keyword.

En both C und C++, any value declared as const cannot be modified by the program in

any way. However, there are some differences in implementation. In C++ n we can use const in a
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constant expression, such as

Object -Orieuled Programming with

const l'nt siie = 10e

char name[size] j

This would be illegal in C. const allows us to cTe;ar.e typed constants instead of having to

use fldf'fini" !<i create constants 1 tint have no type inFcirrnation.

As with long and short, ifwe use the const modifier alone, it defaults to int. For example,

const Slie - 10;

means

const int size 10;

The named connlantx are just like variables except Lhat their values cannnt be changed-

C++ requires a const to be initialised, ANSI C does not require an initializer; if none is

(given, it initializes the const to 0.

The seeping of const values differs, A const in C++ defaults to the internal linkage and
therefore it is local to the file where it is declared. In ANSI C, const values arc global in

nature. They are visible outside the file in which they arc declared. However, they can be

made local by deelm-inn i hrm a* static To give a con*t value an external linkage so that it

can be referenced from another file, we must explicitly define it as an extern in C++, Kxample;

extern const total = 100;

Another method of naming integer constants is by enumeration as under;

enum U.ir,2};

This defines X, Y and Z as integer constants with values £>t 1, and 2 respectively. This is

equivalent to:

const X = 0;

const Y = 1;

const Z « 2\

We can also assign values to X, Y, and Z explicitly. Example;

<snum{X=lCQ, MO, 2=200};

Such value* can be any integer values. Enumerated data type hasl>een ditu.-us.sed in detail

in Section 3.6.
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1 3-9 type Compatibility

C++ is very strict with regard to type compatibility as compared to C. For instance, C++
defines int, short int, and long int as three different types. They must be cast when their

values are aligned to one another. Similarly
,
unsigned char, char, and signed char are

considered as> different types, although each of these has a size of one byte, In C++, the types

ofvalues must be the same for complete compatibility, ot else, a cast mu-st be applied. These

restrictions in C++ are necessary in order to support function overloading where twofiwictions

with the .Hams name are distinguished using the type of function arguments.

Another notable difference is the way char constant* are stored. In C, they arc stored as

ints, and therefore,

SlZMf (V) .

s

is equivalent to

si zeof £ i ret)

in C. In C++, however, char is not promoted to the size of int and therefore

si zeof
(

1

)

equals

si ze-of (char)

[3.10 I-tei-braticm of Variables

We know that, in C, all variables must be declared before they are used in executable

statements. This is true with C++ as well. However, there is a significant difference between

C and C++ with regard to the place of their declaration in the program. C requires all the

variables to be defined at the beginning of a scope. When we read a C program, we usually

come across a group of variable declarations at the beginning of each scope level. Their actual

use appears elsewhere in the scope, sometimes faraway from the place ofdeclaration. Before

using a variable, we should go back to the beginning of the program to see whether it has

been declared and, if so, of what type.

C++ allows the declaration ofa variable Finywhene in the scope. This means that a variable

can be declared right at the place of its first use. This makes the program much easier to

write and reduces the errors that may be caused by having to scan back and forth. It also

makes the program easier to understand because the variables are declared in the context of

their use.
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The example below illustrates- this point,

1nt n1n(J x ,

.

I

float x; If defloration
float %\m = 0;

forflnt 1=1; i<5; // declaration

i

cin » x;

sum = sum +X;

I

float average; // declaration

average = sum/(1-lj ;

cout « average;

return 0:

I

The only disadvantage of this style of declaration is that wi- aiunoi xtm all the variables

used in n scope- at a glance.

1 3 - 1

1

Oynamic: Initialisation of Variables

Id C
1
a variable must be initialized using a constant expression, and the C compiler would fix

the initialization code at the time of compilation, C++, however, permits initialization of the

variables at run time. This is referred to as dynamic initialization. In C++* a variable can be

initialized at run time using expressions at the place ofdeclaration, For example, the following

are valid initialization statements:

frill «

* *

1 nt n strlenfstri n<j);

float area - 3,14159 * rad * rad;

Thus, both the declaration and the initialization of a variable can be done simultaneously at

the place where the variable is used for the first time. The following two statements in the

example- uf'tho previous section

float average; // declare where it is necessary

average = -sum/ i

;

can be combined into a single statement:
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float average = sum/1; // initialize dynamically ot run time

Dynamic initialization is wcteiisivuly unid in objet-t-iH-EEmled programming. We tan create

exactly the type of object needed, using information that is known only at the runtime.

1
5 12 Reference Variables

C++ introduces :i new kind nfvariable known as the reference variable. A reference variable

provides an nttim (alternative numci for a previously defined variable. For example, if we
make the variable sum a reference to the variable total, thsn stun and total can be used

interchangeably to represent that variable, A reference variable is created as follows:

data-type A referenre-nime = vari able-name

Example;

float total = 100;

fl oat & ium = total

j

total is a float type variable that has. already been declared; sum is the alternative name-

declared to represent the variable total. Bath the variables refer to the same data object in

the memory. Now, the statements

tout « total;

and

cout *< sum;

both print the value 100. The statement

total - total * 10;

will change the value of both total and sum to 110. Likewise, the assignment

sum = 0;

will change the value of both the variables to zero,

A reference variable must be initialized at the time of declaration. Thi« eKlahlishtw the

correspondence between the reference and the data object which It names. It is important to

note that the initialization of a reference variable is completely different from assignment to

it.
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C++ assigns additional meaning to the symbol &. Here, & is not an address operator, The
notation float & means reference to float. Other fisaniples .in-.

The variable it is an alternative to the array element nllft]. The variable a is initialized to

the Tifiwline constant- This creal«H a reference to the otherwise unkmiwn kication where the

newline constant \ti is stored-

The following references are also allowed;

1 . 1 nt x;

int *p &J<;

Int ft ffl - *p;

1i. Int ft n - 50;

The first set ofdeclarations causes va to refer to x which is pointed to by the pointer p and
the statemen t in {ii} creates an int object with vuluu 50 and name n.

A major application of reference variables is in passing arguments to functions. Consider

the following'.

—void f f int ft k) // uses referents

int n[lD]i

int ft x - n[10];

char ft a - '\n
fc

i

// * is alias for n[10}

If initialize reference to a literal

/fx is incretrieftted; so also m

int ma i n (

)

fnt hi = 10;

// function call

When the function call ff.m> ia executed, the following initialization occurs:

int ft * = m;

Thus x becomes an alias of m after executing the statement

f (mj
i
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Such function calls &re known as ca/f 5y reference. This implementation is illustrated irt

Fig. 3.2, Since the variables x and m arc aliases, when the function increments x, m is also

incremented, Hie value ofm becomes 20 after the function is executed. In traditional C, we
Hcnomplish this operation using pointers and dereferencing techniques,

irt m=10; - m

^ 10
art* location

two names,

«

in! A x = m;

Fig. 3*2 « Call iry reference mechanism
j

The call by reference mHctumiHrn is useful in ubjectK>rU*TiW prOgr^immingbecauHe it permits

the manipulation of objects by reference, and eliminates the copying of object parameters

back and forth, It is also important to note that references can be created not only for built-

in data types but also for user-defined data types such as structures and classes. References

work wonderfully well with these user-defined data types.

1
3 , 1 3 Operators in C + +

C++ has a rich sen ofoperators. AllC operators are valid in C++ ako. In addition, C++ intruding

some new operators. We have already seen two such operators, namely, the insertion operator

«, and the extraction operator ». Other new operators are:

Scope resolution operator

Point er-to-mernher declarator

Point er-t a -member operator

Pointer- to -member operator

Memory release operator

Line feed operator

Memory allocation operator

Field width operator

In addition:, C++ also allows us to provide new definitions to some ofthe built-in operators.

That is, we can give several meanings to an operator,, dependingupon the types ofarguments

used. This process is known as operator overloading.

delete

*nd1

new

setw
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Like; C++- is also a bleak -structured language- Blocks atld etor*1^ can ^ in constructing

programs. We know that the same variable name can be used to have different meanings in

different blocks, The scope ofthe variable extends from the point of its declaration till the end

of the block containing the declaration, A variable declared inside a block is said to be local to

that block. Consider thu following .Hegmunt uf a propria rn:

14 + 1

i

Int % = 1Q;

!

f + + i

}

The two declarations of x refer to two different memory locations containing Jifl'erent

values. Statements in the second block cannot refer to the variable x declared in the first

block, and vice versa. Blocks in C++ are often nested. For example, the following style Is

common:

(
+
int x = 10

j

int * = lj

} *

I

*

Block 2 Block 1

Block2 is contained in block 1, Note that a declaration in an inner block hides a declaration

of the sjims variable in an outer block and, therefore, each declaration of x causes it to refer to
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a different data object, Within the inner block, the variable k will refer to the data object

declared therein.

In C, the global version tifa variable cannot be acceded from within the inner block. C++
resolves prul tlitrn by inLriKlurinj» 41 nrw operator ;; called the tfccyw retiuliiticn operator. This

can be used to uncover a hidden variable. It takes the following form:

variable-name

This operator allows access to the global version of a variable. For example, ::count

meant* the global version of the variabte count (and not the Iwal variable count declared in

that block). Program 3.1 illustrates 1 his lejiiu™.

SCOPE RESOLUTION OPERATOR

finclude <fostr*am>

usfng namespace std;

Int m *. 10: /'/ global m

int iniifi(J

Int in 20j n> redeclared, local to main

int k * m;

Int r = 30; // m declared again

// local to Inner block

cout. **e are in inner block \n";

cout « rt

k 3 * « k « "\ri";

cout « "m = " « m « *\n";

COUt « ";:» - n « tin *e *Wi

cout ** "\nWe are In outer htock \n";

cout « "pi " « m <s« M \n*;

return 0:

The output of Program 3.1 would be-:

We are in inner block

k - 20

PROGRAM 3.1
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m - 30

am * 10

He are in cuter block

m - 20

rr * 10-

In the above program, the variable rn is declared at three places, namely, outside the mainO
function, inside the main()

t and inside the inner block.

ft&t&

11 L* Lit In- rmu-d ;:m v\ ill aJway* refer to the global m. In the inner hlixiw mi refers in the

value 10 and not 20.
\ .

A major application of the scope resolution operator is in the classes to identify the class to

which a member function belongs. This will be dealt in detail later when the classes are

introduced.

I
3*IS Member Dereferencing Operators

As you know, C++ permits us to define a class containing various lyp&fi ofdata and functions

as members, C++ also permits us to access the class members through pointers. Hi order to

achieve this, C++ provides a set of three pointer-tn-member operators. Table 3.3 shows these

operators and their functions. >

Tab!* 3.3 Member dereferencing operators

Function.

To declare a pointer to a member ofa class

* To access a member using abject name and a pointer to that member
->* To access a member using u i

» i i rUer tt> the object and. a pointer to that member

Further detail run these operators, will be meanifiGful only after we discuss classes,, and

therefore we defer the use of member dereferencing: operators until then,

|3>1<S Memory Managem 1 n I Operator

s

C useamallocO and calloc* ) functions to allocate memory dynamically at runtime, Similarly,

it uhhh the function freed to free dynamically allocated memory. We use dynamic allocation

techniques when it is not known in advance how much ofmemory space is needed- Although

C++ supports these functions, it also defines two unary operators new and delete that, perform
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the task ofallocating and freeing the memory in a better and easier way. Since theae operators

manipulate memory on the free store, they are also known as free store operators.

An object can be created by using new, acid destroyed by using delete, as and when
required. A date object erented inmrte a block with new, will remain in existence until it is

explicitly th^lroyed hy using delete. Thus, the Liletinie of an object is directly under our

control and is unrelated to the block structure of the program.

The new operator can be need to create objects of any type. It takes the following general

form:

pointer-variMe = new do to- type;

Here, pm n t*>r- 1 -arifihii' ssn poi n ter nftype data type . The m>w operator allncates sufficient

memory to hoU a data object of type data-type and returns the address of the object. The
data-type may be any valid data type, The pointer-variable holds the address of the memory
space allocated, Examples:

p = new Int;

q = new float;

where p is a pointer of type int and q is a pointer of type float Here, p and q mmt have

already been declared as pointers of appropriate types. Alternatively, we tail combine the

declaration of pointers and their assignments as follows;

int *p - new i nt;

float *q - new float;

Subsequently, the statements

P = 25;

*q 7,5:

assign 25 to the newly created int object and 7.5 to the float object.

We can also initialize the memory using the new operator. This is done as follows;

pointer-variahl e not data-type(value)

;

Here, value specifies the initial value. Examples:

int *p - new 1nt(?Sh

float *q = new float (7, 5);
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As mentioned earlier, new can be used to create a memory space for any data type

including user-defined types Huch an arrays, structures and classes. The general form For a

one-dimensional array in:

pointer-vorioble = new datn-type{sizej

;

Here, size specifies the number of elements in the array. For example, the statement

1nt *p = new int(10];

enuates a memurj' H-pace for an urray of 10 integers.. p[Q] will refer to the first element, p[1

)

to the second element, and so on.

When creating multi-dimensional arrays with new, all the array sizes must be supplied.

array_ptr - new i ri t [3] [5] [4] ; // legal

array_ptr = new int[mj [5] [4] ; // legal

array_ptr - new lnt[3][5)[ ]; // illegal

array ptr - new 1nt[ J [5] [4]
-

t // 11 legal

The first dimension may be a variable whose value is supplied at runtime. All others

must be constants,

The application ofnew to class objects will be discussed later in Chapter 6.

Wh«n a data object is no longer needed, it is destroyed to release the memory space for

reuse. The general form of Its use is:

delete pointer-variable;

Thepointer-?. >arin ble is the pointer that points to a data object created with new. Examples:

delete p>

delete q;

If we want to free a dynamically allocated array, we must use the fallowing: farm of

deleter

delete [silt] poUter-vanoble;

The size specifies the number of elements in the array to be freed. The problem with this

form is that the programmer should remember i\w Hize of the army. Recent version 3 of C++-

do not require the size to be specified. For example.
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delete [ ]p:

will delete the entire array pointed to by p.

What happens if sufficient memory lh nut available for allocation? In such cases, like

mallocOt new return^ a nut] pointer- Therefore, it may be a good idea to th^ck fur the

pointer produced by new before utiing it. It is done as follows:

p = nqw Int;

ff(lp)

{

cout « "allocation failed \r\";

}

* 4 * M h

The new operator offers the following advantages ever the function maUocO.

1. It automatically computes the size of the data object . We need not use the operator

sizeof,

2. It automatically returns the correct pointer type, so that there is no need to use a

type cast.

3. It is possible to initialize the object while creating the memory space,

4. like any other operator, new and delete can bet overloaded.

1 3-17 Manipulators

Manipulators are operator* that are used to format the data display, The most commonly
used manipulators are end! and setw.

The endl manipulator, when used in an output (statement, cause*, a linefeed to be inserted.

It has the same effect act using the nswline character "An", For example, the statement

cout « H« = " « m « endl

« «p = » « p « endl;

would cause three lines of output, one for each variable. If we assume the values of the

variables as 2597 h 14, and 175 respectively
t
the output will appear as follows:
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m • 2
|
5

|

9
|

7

11
•

1

1 ?
1

*.

It is important to note that this for™ is not the hIhsL mitput, tt should rather appear as

under:

m = 2597
n - 14

p - 175

Here, the numbers are right-justified, This form ofoutput is possible only ifwe can specify

a common field width for all the numbers and force them to be printed right-justified. The
setw manipulator does this job. It is used as follows:

cflut « setw (5) « sum « endl i

The manipulator eetw(5 l specifies a field width 5 for printing the value of the variable

sum. This value is right-justified within the field as shown below;

3 4 5

Program 3.2 illustrates the use of end] and setw.

USE OF MANIPULATORS

fi include ^iustreanp-

^include <iomanip^ // fur setw

using namespace std;

Irtt fflfl1rt()

{

int Basic = 950, Alliance = 95, Total = 10^5

;

tout « setwUO) « "Ba^ic" «
« setw (10) « "Allowance"

« setw(lO) « "Total" «

setwflO) « Basic endl

« setw(lO) « Allowance « endl

setwflO) « Total endl;

return 0;

PROGRAM 3.2
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Output nf this urogram in given below;

• 57

Basic 950

Allowance 95

Total 1045

,

Character ijtrinps are also printed right-justified.

We can also write our own manipulators as follows:

* include <io5tream>

o st ream & symbol (ostreair. i output)

(

return output « "URs":

I

The symbol is the new manipulator which represents Hs.The identifier symbol can be

used whenever we need to display the string Rs.

13 i B Type Cast Operator

C++ permits explicit type conversion of variables or expressions using the type cost

operator.

Traditional C casts arc augmented in C++ by a function-call notation as a syntactic

alternative. The following two versions are equivalent:

(type- name) expression // C notation

type-name (expression) // C++ notation

Examples:

average - sum/(float)i i // C notation

average = sum/float (1 }; // C++ notation

A type-name behaves as if it is a function for converting values to a designated type. The
function-call notation usually leads to simplest expressions. However, it can be used only if

the type is an identifier, For example,

p int * (q);
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is illr-^.nl. In such r;i--i<.-. v.c must us-*> C rvpr.- notation

p • (int *) q;

Alternatively, we can use typedef to create an identifier of the required type and use it

in the functions I nutation.

typedef Int * 1nt_pt;

p - 1nt_pt (q);

ANSI C++ adds the following new east operators:

* const_cast

* Btatic.cast

* dynamic_cast
* reinterpret_taat

Application of these operators is discussed, in Chapter 16.

j 3. 19 Expressions and Their Types

An expression is a combination of operators, conatantH and variables Arranged as per the

rules of the language. It may also include function calls which return values. An expression

may consist of one or more operands, and zero or more operators to prrxliice a value.

Expression* may be of the following seven types:

* Constant expressions

* Integral expressions

* Float expressions

* Pointer expressions

* Relational expressions

* Logical expressions

* Bitwise expressions

An expression may also use combinations ofthe above expressions- Such expressions are
known as compound expressions.

Constant Expressions

Constant Expressions consist of only constant values. Examples:

15

20 + 5/2.0
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Integral Expressions

[nte^T-Hl KxprHssioriH ate those whtEih prince integer results after implementing all the

automatic and explicit type conversions. Examples:

m

m * n - 5

m * V
5 + i nt f?. O)

where m and n are integer variables,

Float Expressions

Float Expressions are those which, after all conversions, produce floating-point results

Examples:

k + y

it * f I 10

5 + float f 10)

10.75

where x and y are floating-point variables.

Pointer Expressions

Pointer Expressions produce address values. Examples:

ptr

ptr + 1

'x>v"

where m is a variable and ptr is a pointer.

Relational Expressions

Relational Expressions yield results oftype bool whkh takee a value true or false. Examples:

x < y

a+b =* c+d

mn > 100

When arithmetic expressions are used on either side of a relational operator, they will be

evaluated first and then the results compared. Relational expressions are almj known hh

Boolean expressions.
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Logical Expressions

Logical Expressions combine two or more relational expressions and produces bwl type

results. Examples;

a>b 4& x==10

sr==10
1 1

j==5

Bitwise Expressions

Bitwise Expressions are used to manipulate data at bit level, They are basically used for

te.mtiny (ir shifting bits. Examples:

x « 3 // Shift three bit position to left

y » 1 If Shift one bit position to right

Shift npprators are often used for multiplication and division by powers of two.

ANSI C++ has introduced what are termed as operator keynurds that can be used as

alternative representation for operator symbols. Operator keywords are given in Chapter 16,

1 3, 20 Special Assignment Expressions

Chained Assignment

x - y = 10;

First 10 is assigned to y and then to x.

A chained statement cannot be used tu initialize variables tit Lhe time of declaration. For

instance, the statement

n - iy = 10);

or

float a « b » 12.34; // wrong

is illegal. This may be written as

float a=12.34. b=12,34 // correct

Embedded Assignment

k = {y = 50) + 1Q;
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(y = 60) is an assignment expression known as embedded assignment. Her*.1

, the value 50 is

asHiigTif+d io y and then the result 50+10 = 00 is assigned to x. This statement is

identical to

y M;
x * y + 10[

Compound Assignment

Like C
t
C++ supports a. compound astoignmttnt operator- which is a combination of the

alignment operator with a binary arithmetic operator, For example, the simple assignment

statement

x - k + 10;

may be written as

x += 10;

The operator += is fcnnwn as c-orTjppawi (jssfgfimenl operator or a/torf-hoW cKtfjtfifilnf

q/jenp/oj". The general form of the compound assignment operator is;

variablel op= var1ahle2i

where op is a binary arithmetic operator. This means that

varUblel = variablel op variable?:

\5.21 Implicit Conversions

We can mix data types in expressions. For example,

m = 5+2.75;

is. a valid statement. Wherever data types are mixed in sri E*x|>n>ssi<m, C++ performs the

conversions automatically This process is known as implicit or automatic conversion.

When the compiler encounter? an expression, it divides the expression into sub-

expressions consisting of one operator and one or two operands. For a binary operator, if

the operands type differ, the compiler convert* one ofthem to meteh with the other, using

the rule that the "smaller* type is converted to the "wider* type. For example* if one ofthe

operand is an tilt and the other is a float, the int is converted into a float because a float

is wider than an int. The "Vater-fall" model shown in Fig. 3.3 illustrates this rule.
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long doubla

Flg» 3«3 <» tVpfipr-yfrJl nwd^l oftype ennrcrsitm

Whenever a char or short int appears in an expression,, it is converted to an int. This is

called integral widening conversion. The implicit conversion is applied only after completing

all integral widening conversions.

Table 3*4 Resuits of Mixed-made Opera trans

^ . RBO
LHO ^ chat short ini ivng float double long double

char int lilt Lot long float double lung double

shun int int int long float double long double

int int ml int long float double long double

Long long long long long float double long double

float float float float float float double long double

double double double double double double double long double

long double lung long long long long long long double

double double double double d <y. l: ; 1 c dou ble

RIIO - Right-hand operand

LHO — Lefi-hand operand

Copyrighted material



Tokens, Expressions and Control Structures • 63

As stated earlier, overloading means assigning different meanings to an operation, depend ing

tm the context. C++ permits overloading of operators,, thus allowing uk hi assign muLliplt:

meanings to or-era tors. Actually, we have used the concept of overloading in C also. For

example, the operator * when applied to a pointer variable, gives the value pointed to by the

pointer. But it is also commonly u.^ed for multiplying two numbers. The number and type of

operands decide the nature of operation to follow.

The input/output operators << and » are good examples ofoperator overloading. Although

the built-in definition of the « operator is for shifting of bits, it is also used for displaying

the value* of various data types. This has been made pn^ihle- by ihr hundur file iosttmum

where a number of overloading definitions for « are included, Thus, the statement

cout « 75.36;

invokes the definition for displaying a double type value, and

cout « "well done";

invokes the definition for displaying a char value. However, none of these definitions in

iastrea.m affect the built-in meaning of the operator.

Similarly, we can define additional meanings to other C++ operators, For example, we
can define + operator to add two structures or objects. Almost all C++ operators can be

overloaded with a few exceptions such as the member-access operators L and conditional

operator <?:) p
scope resolution operator (:;) and the s-ize operator (sizeof). Definitions for

operator overloading are discussed in detail in Chapter 7.

Although C++ enables us to add multiple meanings to the operators, yet their association

and precedence remain the same, For example, the multiplication operator will continue

having higher precedence than the add operator. Table 3.5 gives the precedence and
associativity of all the C++ operators. The proups are listed in the order of decreasing

precedence. The labels prefix and postfix distinguish the uses of++ and — . Also, the symbols

+, - *, and & are used as hoth unary and binary operators.

A complete List ofANSI C++ operators and their meanings,, precedence, associativity and

use are given hi Appendix E,
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Table 3,5 Operator precedence and associatiuity

Operator

left to right

-> . ( ) I 1 postfix ++ postfix - - left to right

prefix ++ prefix - - -
! unary + unary -

unary * unary & t type) eiizeofnew delete right to lett

-> * * left to ripht

I % Ml to nght

+ - left to right

« » left to right

<< = >> = r. l
]ftl to right

left to right

left to right

left to right

l

left to right

left lo right

ll left to right
t-
I left to right

= = + = = right t* left

« = » = ft = *=
|
= left to right

. (comma|

The unary operation* assume higher precedence.

[3-24 Control Structures

111 C++, 6 large nymlwr »f function* are utied that pasH rnPHKagPH., and process the data

contained in objects. A function is set up to perform a task. When the task is complex many
different algorithms can be designed to achieve the same gaol. Some are simple to

comprehend, while others are not. Experience has also shown that the number of bugs that

occur in related, to the? format of the program. The format should \w. .such that it is easy to

trace the How of execution of statements. This would help not only in debugging but

al90 in Ibe review and maintenance of (he program later. One method of achieving the

objective of an accurate, error-resistant and maintainable code is to use ana fir any
combination of the following three control structures:

1. Sequence structure (straight line)

2. Selectiarj structure (branching)

3. Loop structure (iteration or repetition)

Figure 3,4 shows how these structures are implemented using one-entry, one-exit concept,

a popular approach used in modular programming.
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Entry

Action 1

Acton 2

Act]on 3

t.i.,t

{») Sequence

Enlry

True False

Action 1 Atfirjri J

Action 3

(b) Select™

Loci?

Tfui

False

Acton 2

(cjLoop

Fig. 3.4 c=? Basic oow^rof struiiures
|

It is important to understand that all program processing can be coded by using only

these three logic structures. The approach of using one or mere ef these basic control

constructs in programming is known as structured programming, an important technique

in software engineering.

Using these three basic constructs, we may represent a function structure cither In

detail or in summary form as shown in Figs 3.5 (a), (b) and (cX

Like C
h
C++ also supports all the three basic control structures, and implements them

using various control statements as shown in Fig. 3.6. This shows that C++ combines the

power of structured programming with the object-oriented paradigm.

The if statement

The if statement ig implemented in two forms;

* Simple if statement

• libelee statement
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"7V
s*1ch

Sequence

Two wdy frifx+i Mulb^'c branch
Emt-contraJ Enlry-Dorrtrol

Examples;

Form i

If (expression ts true)

]

acti onl;

action?;

act i 0^3

;

if (expression is true}

t

acti onli

)

else

I

acti on£;

S

The switch statement

This is a multiple-branching statement whore, based on a condition, the control is transferred

to one of the many possible points. This is implemented as follows:
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5*itch(expre55ion)

{

easels

C

act^onl

;

]

(

• acti on2

i

}

{

action!;

)

default:

\

acti onfl

;

!

)

action^;

The do-while statement

The do-while is an exit-controlled lwp, Based on a condition,tho control i* trurujforrod bfttk

to a particular point in the program. The syntax in a?* frtllnw-s:

do

[

aetioni;

}

wh1l* (condition is tru&);

act1on2;

The while statement

This is also a loop structure, but is an entry-controlled one. The syntax is as follows:

while(ccflditie.n is tme}

i

acti ofiI
;

)

action?;

The Tor statement

The for is an eniry-entrtilled loop and is used when an action is to be repeated for a

predetermined number of times. The syntax is as follows;
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for (initial value; test; Increment)

(

actionl;

)

action?;

The syntax ofthe control statements in C++ is very much simitar to that ofC and therefore

they ore implemented as and when they arc required.

O C++ provides various types of tokens that Include keywords, identifiers, constants,

string?, and operators,

v£> Identifiers refer to the names of variables, functions, arrays, classes, etc.

re Cn provides an additional use of void, for declaration of generic pointers,

» The enumerated data types differ slightly in C++- The tag names of the enumerated

data types become new type names. That is, we can declare new variables using these

tag names.

4£ In C++, the size of character array should be one larger than the number of characters

in the string,

O C++ adds the concept of constant pointer and pointer to constant. In case of constant

pointer we can not modify the address that the pointer is initialized to. In chbc of

pointer to a constant, contents of what it points to cannot be changed.

Pointers arc widely used in C++ for memory management and to achieve polymorphism.

O C++ provides a qualifier called const to declare named constants which are just like

variables except that their values can not be changed. A const modifier defaults to an
int.

O C++ is very strict regarding type checking of variables. It does not allow to equate

variables of two different data types, The only way to break this rule is type casting,

O C++ allows us to declare a variable anywhere in the program, as also its initialization

at run time, using the expressions at the place of declaration.

O A reference variable provides an alternative name for a previously defined variable.

Both the variables refer to the sama data object in the memory. Hence, change in the

value of one will also be reflected in the value of the other variable.

A reference variable must be initialized at the time of declaration, which establishes

the correspondence between the reference and the data object that it names.

SUMMARY
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w A major application of the scope resolution f::) operator is in the to identify thv

class Let which u member function belongs.

£> In addition to mallucUt chILocO and freeO functions, C++ also provides two unary

operator*, new zmii delete to perform the task of allocating and freeing the memory in a

in'ttcr mul i-imit'T w:iy,

^ Oh- also provides manipulators to format the data display. The most commonly used

manipulators are end] and setw.

O C++ supports s<>vf>n types of expressions. When data types are mixed in an expression,

C++ performs the conversion automatically using certain rules.

^ C++ also permits explicit type conversirm of variables and expressions using the type east

dporritnrs

.

O Liktt C, C++ also supports the three basic control structures namely, sequence, selection

and loop, and implements them using various control statements such as, if, if...eLse,

switch, do..while, while and tor.

Key Terms

> array > control structure

> associativity > data types

> automatic conversion > decimal integer

> backslash character > declaration

> bitwise expression > delete

> boo! > dereferencing

> boolean expression > derived-type

> branching > do...while

> call by reference > embedded assignment

> chUoc( ) > endl
> character constant > entry control

> chained assignment
h

> enumeration

> class > exit control

> compound assignment > explicit convEtrgitm

> compound expression > expression

> Const > float expression

> constant > floating point integers

> constant expression > for

fContd}
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> l-u "i: lulling > reference

> free store > reference variable

> > relational expression

> function > repetition

> hexadecimal integer > scope resolution

> identifier > selection

> if > selection structure

> if...else sequence

> implicit conversion > sequence structure

> initialization > setw

> integer constant > short-hand assignment

> integral expression > sizeof

0

> integral widening > straight line

> iteration > string

> keyword > string constant

> literal > struct

> logical expression > structure

> incjp > structured programming

> loop structure > switch

> mallocO > symbolic constant

> :ii.Li-i|)Mi:i1iir > 1nkf n

memory > type casting

> named constant > type compatibility

> new > typedef

> octal integer > union
> operator > user-defined type

> operator keywords > variable

> operator overloading > void

operator precedence > water-fall model

> pointer > wchar^t

> poiittE.tr E>EprE>j9&iun > while

> pointer variable > wide-character

: 5
.
l Enu merate the rules ofnaming variables in C++, How do they differ fromANSI C

rules t
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3.2 An unsigned int can he twice as large as the signed int. Explain haw?

3.3 Why rfws C++ have type modifiers-?

3.4 What are the applications of void data type in C++?

3.5 Van we assign a. void pointer to an int type painter? If not, why'* Haw can. we
achieve this?

3 .6 Describe, with examples, the uses of enumeration data types.

3.7 Describe the differences in the implementation ofmum data type in ANSI C and
C++.

3.8 Why is an array called a derived data type ?

3.9 The size of a char array that is declared to store a string should be one larger

than the number of characters in the string. Why?
'.1.1 1) The canxi was taken from C-++ and incorporated in ANSI C, although quite

differently. Explain.

3.11 How does a constant defined by const differ from the constant defined by the

preprocessor statement define?

3.12 In C++, a variable can be declared anywhere in the scope. What is the significance

of this feature?

3.13 What do you mean by dynamic initialisation of a variable? Give an example.

3.14 What u* a reference variable-? What is its major use?

3.15 Lift at least four new operators added by C++ which aid OOP.

3.16 What is the application of the scope resolution operator in C~-f

3.17 What are the advantages of uning new operator as compared to the function

maltocdf
3.18 Illustrate with an example* how the setw manipulator works,

3.19 How do the following statements differ?

(a) char * const p;

(b) char const *p;

|
Debugging Exercises

3.1 What will happen when you execute the following code?

^include «i est ream.

void main()

(

int 1=Df

i =400*400/400;

cout « i

;

}

3.2 Identify the error in the following program.

include <1o$treain.h>

void ma1n()
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[

int rwm[] = [l. 2.3.4, 5.6]

:

num[l]"[l]niim ? cout*<"Succes5' : ccut«" Error -
:

}

Identify the errors In the following program,

^include *i Q&tream, It*

void malnf)

{

int

while(i)

1

sw1tch{1)

(

default]

Case 4i

cd-se 5:

breaks

Ci£* li

continue;

case 2:

case 3:

break;

J

1-;

I

)

Identify the error in the following program.

'include ostrean.h*

§define pi 3.14

int s&gjreAreftfint ij

;

int ci ml eArea(int 4);

void main()

C

*nt a=10s

cout squareArea (a) « " "

;
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cnut « circleArea(a) « H *;

co^t a endl

;

}

int squareArea(iTit &a)

{

return 4 *== &i

}

Int circleAreafint ir)

{

return r = pi r * r;

\

3.5 Identify the error id the following program,

include <iostr«Am,h>

^include <m] 1 dc, h>

char* al locateMemory()

;

void main()

(

char* str;.

str al locateNemoryO :

cout « str;

delete str;

str -
"

cout « str;

}

char* al locateMemoryf)

{

str = "Memory allocation test. ";

return str;

s

3.6 Find errors, if any, in the following C++ statements,

(a) long float x;

Cb) char *"cp = vp; // yp is a void pointer

(c> int code three; // three is an enumerator
(d) int *p - new; // allocate m&niury with mew
(e) (>nura (gr^frt, y«]low, r?.i&\\

ffl int const *p = total
„

(g) const int array.sjse;

(h) for (i—1; int i<10; i-H-) cout« i« M \nm
;
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(i) mt & number - 100;

Ijj float "p = iiqw int
J 1 0

1

-

(k? lilt public - 10QO;

m ebitr namefal = "USA";

|
Programming Exercises

3.1 Wrilt- a function using referent variables as arguments to Swop the value* of a

pair of integers.

\>."2 Write u fit action that creates a vector of user-given xize M using new operator.

3.3 Write a program to print the following output using for loops.

1

22

333

UJ4
55555

3.4 Write a program to evaluate the following investment equation

V = Pil+r)n

and print the tables which would, give the value of V for various combination of
the fallowing values of P, rand n:

P: 1000, 2000, 3000, 10,000

r: 0.10,0.11,0.12, ....,0.20

?t; J. 2, 3, 10

{Hint: P is the principal amount and Vis the value of money at the end of n years.

Thin equation can be recursively written as

V = P{I + r}

P = V
In other wortlfi, the vatuenfmoney at the end of the first year beeumes the principal

amount for the next year, and so on.

3.5 An election is contested by five candidates. The candidates are numbered 1 to 5
and the uoting is done by marking the candidate number on the ballot paper.

Write a pnigram to read the ballots and count the mites cant far each candidate

using an array variable count. In ease, a number read is outside the range 1 to 5,

the ballot should he considered an a 'spoilt ballot', and the program, should also

count the number of spoilt ballots.

3.6 A cricket team has the following table ofbaiting figures for a series oftest matches:

Player** name

Sachin

Saurav
Rahul

Run*

£430

4200

inning*

230

130

106

Time* not out

IS

ft

11
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Write a program to read the figures set out in the above form, to calculate the

batting average* and to print out the complete table including the averages.

3.7 Write pntgrum* to evaluate the following functions to O.OOOVi cccuracy.

(a) aiD *=x-- +---+

(b.> SUM = 1 + (1/2)* + (l/3)
a
+ (1/4)* +

*' X4 X*
(c) cosx= 1 - — +—-— +

2! 4! 6!

3.8 Write a program to print a table of values of the function

y = e'
x

for x varying fram 0 to JO in steps of 0.1. The table should appear an follows.

TABLE FOR Y = EXP |-X|

X 0.1 0.2 0.3 0.4 O.S 0.6 0.7 0.S

00
1 0

9.0

3.9 Write a program to calculate the variance and standard deviation ofN numbers.

N

Variance * —V (x t -5)
,2

IJT|

. I

, -1
=i2

I

1 ^1,

Standard Deviation -
I— > ix. - x\

'"if
where x

3,10 An electricity board charges the following rates to domestic users to discourage

large consumption of energy:

For the first 100 units - SOP per unit

For next 200 units - SOP per unit

Beyond 300 units - 90P per unit

Ail u.vers urv charged a minimum of Us. 50.00. If the total amount is more than

Rs. 300.00 then an additional surcharge of 15% is added.

Write a program to read the names of users and number of units consumed and
print out the charges with names.
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Functions in C++

Key Concepts |4.1 Introduction

Return type* in malnQ

Function prototyping

Call by reference

Call by ybIlle?

Return by reference

Inline functions

Default arguments

Constant arguments

function av^rlpHUing

We know that function* play an important

mole in C program development. Dividing a

program into functions is one of the major

principles of top-down, structured

programming. Another advantage ofusing

functions is that it is possible to reduce the

$ix$ of n program by cut Ling and using theirt

at different places in the program.

Recall thatwo have used a syntax «irwilfrT

to the following in developing C programs.

void show()

;

TTialn(

)

\

. . _ _ .

shDw();

1

void 5how{)

/* Function declaration */

/* Function call */

/* Function definition */
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/* Function body */

}

When i lit* Function in culled, uoiitml trio^U'i rxd Ln l3u- Drrf ^uurihii'iii nt elm I'liik I iini

body. The Other sLatt>JTLt-.n1.s ]n the function IkwIv nra lb«n HXHCjutud and control returns Lo

the main program when the closing brace- is encountered. C++ is do exception. Functions

continue to be the building blocks of C++ programs. In fact h C++ has added many new
Features tii Functions to make them mure reliable and flexible. Like C++ operators, a C++
function can be overloaded to make it perform different tasks depending «n the arjnjnu^ors

|
i. i.-SC :l i luii. MciSl 1 !

I"
! I H .-H " li Hi(l IiV.jI ilHj.S ii r£- .lillM N , n IU(.'C.'|inU 1

3<
" IVl ,«'• ' IH'Hl ''! 1 lljjll '

-

oriented facilities.

In thi.s chapter, we shall briefly discuss the various new features that are added to C++
Functions and their implementation.

14 2 The Main Function

C does not specify any return type for the maJnO function which is the starting point for

the execution of a program. The definition ofmain0 would look like this:

t

)

This is perfectly valid because the mainl.) in C does not return any value.

In C-H-i- h the mainO returns a value of type int to the operating system. C++, therefore,

explicitly defines ffl*in(| h.h matching- one of the following prototyi>eH:

Int m»1 n ()

j

1 nt main (int aroc, char * aruv[])»

The functions that have a return value should use the return statement for termination.

The luainO function in C++ is, therefore, defined as follows:

int mft1n(}

return 0:

Since the return type of functions is int by default, the keyword int in the mainO header
in optional. Mnmt C + + compilers will generate an prror or warning if there is no return
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statement. Turbo C++ issues the warning

Function should return a value

and then proceeds to compile the program. It is good programming practice to actually

return » value From main 4 j

Msim- (ipt-r-LLLnLT Systems Icsl the n-turn value IchIIpH r.vrf unlue') Ut [ieluruiinr if then: is

any problem. The norma! convention is that an exit value of aero means the program ran

sn-m'ssfu]
I
y. while a nonzero value1 means there was a problem, The explicit uBe of a

return CM) statement will indicate that the program was successfully executed.

1 4,3 Function Prototy ping

Function prototyping is one ofthe major improvements added to C++ functions. The prototype

describes the function interface to the compiler by giving details such as the number and
type of arguments and the type of return values. With function prototypingt a template is

always used when declaring and defining a function. When a function is called, the compiler

uses the template to ensure that proper arguments are passed, and the return value is

treated correctly. Any violation in matching the arguments or the return types will be caught

by the compiler at the time of compilation itself. These checks and controls did not exist in

the conventional C functions.

Rememl*r, C al&o uses prototyping. But it was introduced first in C++ hy Stroustrup and

the success of this feature inspired the ANSI C committee tu adopt it. However, there in a

major difference in prototyping between C and C++. While C++ makes the prototyping

essential, ANSI C makes it optional, perhaps, to preserve the compatibility with classic C.

Function prototype is a declaration statement in the calling program and is ofthe following form;

ty pe fune t i on - name ( a rgument- list):

The argument list contains the types and names of arguments that must be passed to the

function.

Example-

float volume (int x, Moat y t float l)

;

Note that each argument variable must be declared independently inside the parentheses;.

That 3S„ a combined declaration like

float volume(int x, float y» z);

is illegal.
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In a function declaration;, the names yfihe arguments amdummy variables and therefore,

they are optional- That is, the form

float volunWint. float, float);

iR acrpptahle at the place ^declaration. At this stape. the cnmpilmr onlv rh<-c ks for the type

of arguments when the function is called.

In general, we can either include or exclude the variable names in the argument list

of prototypes. The variable names in the prototype just act as placeholders and> therefore,

ifnames are used., they don't have to matt:h the names used in the function. ca!l or function

definition.

In the function definition, names are required, because the arguments must be referenced

inside the function. Example:

float volume(int a.float b. float c)

float y a*b*c;

\

The function volume f) can be invoked in a program as follows:

float cubel = vQlumefbl^l.hl) ; // Function call

The variable bl, wl, and hi are known as the actual parameters which specify the

dimensions of cube 1. Their types (which have been declared earlier) should match with the

. types declared in the prototype, Remember,, the calling statement should not include type

names in the argument list.

We can also declare a function with an empty argument li&t, as in the following example!

void disp1ay( ]

;

In Ci-+
f
this means that the function does not pass any parameters. It is identical to the

statement

void display (void);

However, in C, an empty parenthesE^ implies any number of arguments, That is, we
iripavc foregone prototyping. A C++ function can also have an 'open' parameter list by the use

of ellipses in the prototype as shown below:

void do_&ojneth1ng( t ,.)i
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4.4 Call by Reference

In traditional C, a function call passes arguments by value. The catted function creates a

new set of variables pud copies the values of arguments into them. The function does not

have access to the actual variables in the calling program and can only work on the copies of

values. This mechanism is fine ifthe function does not need to alter the values ofthe original

variables in the calling program. But, there may arise situations where we would like to

change the values nf variables in the calling program. For example, in bubble sort, we
compare two adjacent elements in the list and interchange their values if the first element

in greater than the second. If a function is used for bubble sort, then it should be able to alter

the values of variables in the calling function,, which is not possible if the call-by-value

method is used.

Provision of the reference variables in C++ permits us to pass parameters to the functions

by reference. When we pass arguments by reference, the 'formal' arguments in the called

function becurrnH aliases to the- 'actual' argumflntH in th« calling function. This means that

when the function is working with its own arguments, it is actually working on the original

tlala. CtmHider the following function:

void swap(int is, int &h) // a arid b are reference variables

Now, ifm and n are two integer variables, then the function call

swapK nj;

will exchange the values of m and n using their aliases (reference variables} a and b,

Reference variables have been discussed in detail in Chapter In traditional C t this is

accomplished using pointers and indirection as follow

void s*apl(int *a> int *b) /* Function definition */

int t • a;

a = b;

b = t;

// Dynamic initialization

/* assign the value at address a to t */

/* p-ut the value at b Into a /
/* put the value at t Into b */

This function can be called as follows:
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svapl(&x, ty); /* call by pa&sing */

/* addresses of variables */

This approach is also acceptable in C++. Note that the call-by-reference method is neaterin

its approach.

A function can also return a reference. Consider the following function:

Int & nax(int ^x
h
int &y)

{

if fx > y)

retWT-n x;

else

return y;

}

Since the return type ofmoxO is tut &, the function returns reference to x or y {and not

the values). Then a function call such as max(a* b) will yield a reference to either a or b
depending on their values. This means that this function call can appear on the left-hand

aide ofan assignment statement. That is, the statement

max(flpb)' - -1;

is legal and assigns -1 to a if it is larger, otherwise -1 to b.

|4.6 Inline Functions

One of the objectives of using function-1
; in a program is to save some memory space, which

becomes appreciable v*hen a function is likely to be called many times, However, every time
a function in called, it takes a lnt of extra time in executing' a 5erip.Fi of instructions for tasks

such as jumping to the function, saving regifttKrn, pushing arguments into the stack, and

returning to the calling function. When a function Lb small, a substantial percentage of

execution time may hp spent in such overheads.

One solution to this problem is to use macro definitions, popularly known as macro*.

Preprocessor macros are popular in C. The major drawback with macros is that they are not

really functions and therefore^ the usual error checking does not occur during compilation.

C++ ha* a different solution to this problem. To eliminate the crust ofcalls to amal I functions,

C + + proposes a new feature called inline function. An inline function is a function that is

expanded En line when it is invoked- That in, the compiler replaces thf! function call with the
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corresponding function code Lsonu-Llun^ simihir ld [Ohots expansion). The inline functions

are defined as JiNtlnws:

Inline fundi on-header

{

function body

\

Example:

1 nl fi» double cube (double a)

f

r&tum{a*a*ak

The above inline function can be invoked by statements like

c = cul>eO>0)i

d = cuhe(2.5+l.B);

On the execution ofthese statements,, the values of c and d will be 27 and 64 respectively,

Tf the arguments are expressions such as 2.5 + 1.5, the function passes the value of the

expression, 4 in this case. This mokes the inline feature far superior to macros.

It is easy to make a function inline. All we need to do is to prefix the keyword inline to

the function definition. Ail inline functions must be defined before they are called.

We should exercise care before making a function inline. The speed benefits of inline

functions diminish as the function grows in size, At some point the overhead ofthe function

call becomes small compared to the execution of the function, and the benefits of inline

functions may be lost. In such cases, the use of normal functions will be more meaningful.

Usually, the functions are made inline when they are small enough to be denned in one or

two lines, Example:

Inline double cubefdouble a) {return (a* a *aj ;}

Remember that the inline keyword merely sends a reque*.L, not a command, to the compiler.

The compiler may ignore this request it the function definition is too long or too complicated

and compile the function as a normal function.

Some of the situations where inline expansion may not work arc:

1. For functions returning values , if a loop* a switch, or a goto exists.

2. For functions not returning values, if a return statement exists.

3. If functions contain static variables.

A. If inline functions are recursive.
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r fi&te N

Inline expansion makes a program run faster because the overhead of a Funrtiun s;*il L ai*d

return is eliminated. However
f
it makes the program to take up more memory because

the statements that define the inline function are reproduced at each point where the

function is called. So. a trade-off becomes necessary.

Program 4,1 illustrates the use of inline functions.

INLINE FUNCTIONS

^include «iostream»

using names pace stdj

inline float wml (float x, float y)

I

return (x^);

inline double d1v(double p, double q)

return{p/q);

} p3p$$$&
int main{)

[

float a - 12,345;

float b = 9.82;

cout «™l(a,b) <<

ccut *< div(a.b) « *\n
-

;

return 0*

PROGRAM 4.1

The output ofprogram 4.1 would be

121,223

1.Z5713

14 .7 Default Arguments

C++ allows us to call a function without specifying all its arguments. In such cases, the

function assigns a default value to the parameter which does not have a matching argument
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in the function call. Default values axe specifiedwhen the function ia declared. The compiler

1 1 1'. s ;il Ibe prototype to w how many arpumtntii a. function usi?s snid ciLcrl* ttu- pri^r<ui]

J'rtr poKttihle default value*, rlfre is an pxftmfilp ofa firoLolyfw {i.e. function declaration) with

default values:

float amount(f loat principal, Int perlod^float rate»0.15)t

The default value ia specified in a manner syntactically similar to a variable initialization

.

The above prototype declares a default value of 0.15 to the argument rate. A subsequent

function call like

value = amount (5000 t 7) ; // one argument missing

passes the value of5000 to principal and 7 to period and then Lets the function use default

value of 0.15 for rate. The call

value - amount (5000.5.0,12); // no missing argument

passes an explicit value of 0.12 to rate,

A default argument is checked for type at the time of declaration and evaluated at the

time ofcall , One important point to note is that only the trailing arguments can have default

values and therefore we must, ndrl defaults from right to left. We cannot provide a default

value to a particular argument in the middle ofan argument list. Some examples of function

declaration with default values are:

tnt mul(int i , int j =5 , int lc-10); // legal

int mulf^nt int j); // illegal

Int mu1(int i>0, Int j, int k-10) ; // illegal

•int rnuUfnt i=Z. int j=5, int k=10}; // legal

Default arguments are useful in situations where some arguments always have the same
value. For instance, bank inLertisL may remain, the same for all Customers for a particular

period of deposit. It also provides a greater flexibility to the prygtammerfi, A function can be
written with enure parameters than are required for its most common application. Using

default arguments^ a programmer can use only those arguments that are meaningful to a

particular situation. Program 4.2 illustrates the use of default arguments.

DEFAULT ARGUMENTS

^include <iostream>

using namespace std;

rCantdj

Copyrighted material
_



36 • Object-Qrienled Programming with C++

J , \

float amount;

float value(float p 1
int n, Moat r=0M5); //prototype

void phntline(char ch=' 1* 1

, int ien=4&); //prototype

prints ne(); // uses default values for arguments

amount = vaTuefSOOO.OO.Sk // default for 3rd argument

tout « "\n Final Value = " « arnoi^nt « 'XnVrv*;

print? inef ) ; // us* default value for 2nd argument

return 0;

}

#

float vilu*(float p, int n, float r}

I
,

int year 1;

float %um = p;

*fii le(year <* n)

{

sum = sum*(l + r};

year » ysar+lj

}

return{5um);

\

void prlntlfne (char ch* 1rtt len)

I

forftnt l<=len; printf{ M%c**chk
printf <"\n")

;

I

PROGRAM 4.2

The output of Program 4 .2 would be

Final Value = 15056, fl

Advantages of providing the default arguments are:
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1. We* can u.ne default arguments to add new parameters to the existing functions.

2. Default, arguments can be used to combine similar functions into one.

1 4,8 const Arguments

In C++, an argument to a function can be declared as const as shown below.

irL strl en (const chiir *p)

1 '( enqth (const string ;

The qualifier const tells the compiler that the function should not modify the argument.

The compiler will generate an error when this condition is violated. This type ofdeclaration

ih HignihcHnt only when we p«.sH arguments by reference or pointers,

|4.9 Function Overloading

As stated earlier, overloading refers to the u^e ofthe same thing for different purposes. C++
also permits overloading of functions. This tutrans that we can use the same function name
to create functions that perform a variety of different tasks. This is known as function

ptttymorphixm in OOP.

Using the concept of function overloading; w« can d^ign a family of functions with one
function name but with different argument lists. The function would perform different

operations depending on the argument list in the function call, The correct function to be

invoked is determined by checking the number and type of the arguments but not on the

function type. For example, an overloaded addl) function handles different types ofdata as

shown below;

// Declarations

-nt add{ini a. int b);

int add(int a. int b. int c)

;

double add (double x, double y);

double add (int p, double q)

;

double addfdouble p + Int q)

// Function calls

cout « add{S, 10);

cout add (15, 10.0) i

cout « add{12.5. 7.5)

;

cout « add(5. 10. 15);

cout « add{0.?5. S);

// prototype 1

// prototype Z

If prototype 3

// prototype 4

// prototype 5

// uses prototype 1

// uses prototype 4

// uses prototype 3-

// uses prototype 1

II uses prototype 5
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A function call first matches the prototype having the same number and type of arguments

and then calls the appropriate function for execution, A best match must be unique, The
function selection involves the following steps:

L The compiler first tries to find an exact match in which the types of actual argu-

ments are the same, and use that function,

2. If an exact match is not found, the compiler uses the integral promotions to the

actual arguments h such as„

char to int

flort to double

to find a match.

3. When either of them fails, the compiler tries to use the built-in. conversions (the

implicit assignment conversions) to the actual arguments and then uses the func-

tion whose match is unique, If the conversion is possible to have multiple matches,

then the compiler will generate an error message. Suppose we use the following

two functions:

long square (long n)

double square (double x)

A function call such as

square {10}

will cause an error because int argument can be converted tu either longer double,

thereby creating an ambiguous situation as to which version of aqu&reO should be

used.

4. If all of the steps fail, then the compiler will try the user-defined conversions in

combination with integral jjnjmutions and built-in conversions te find a unique

match, User-defin^ curtversions are often u&ed in handling class objects.

Program 4.3 illustrates function overloading.

FUNCTION UNLOADING

// Function volune() is overloaded three times

# Include <f ostreup-

using namespace std;

// Declarations {prototypes)
Int voluire(lnt);
double vol ume{doubSe > int);
long volune(long, i n t > int);

fContdJ
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int main (J

cout volureUO} "\n";
cout Yoluroet2.5,fl) « "\n"i
cout « vol ume{ 1001,75,15} « "\n";

return 0;

II Function definitions

int volume (int %) // cube

return (s*s*s)

;

double volumefdouble r, int h) // cylinder

long ydI Lime {long 1, int b, int h} // rectangular box

return (l*b*h);

PROGRAH 4.

3

The output of Program 4.3 would be:

. 1000

112500

Overloading ofthe functions should be done with caution. We should not overload unrelated

functions and should reserve function overloading for functions that perform closely related

tasks. Sometimes, the default arguments may be used instead of overloading. This may
reduce tbe number of functions to be defined.

Overloaded functions are extensively used for handling class objects, They will be

illustrated later whtm the classes are discussed in the n«xt chapter.

|
4J O F rk inUtiid Viriual Functions

C++ introduces, two new type* uf function*, namely, friend function and virtual function.

They are basically introduced to handle some specific tasks related to class objects. Therefore,

discussions on these functions have been reserved until after the class objects are discussed.

The friend functions are discussed in Sec. 5.15 of the next chapter and virtual functions in

Sec, 9,5 of Chapter9.
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1 4.11 Math Library Functions

The standard C++ supports many math fund ions thjdt sjiiiri bt* TJ.sfd f»r [^rfrtrmjng certain

commonly used calculations. Most frequently used malh library functions hth HummarLaeo!

in Table 4.1.

Table 4,1 Commonly used math library functions

Frsnriiim

wild)

explxj

fabsfx)

l€g(l)

kffL0(xj

pow(x,y>

nirn it

aqrli k i

tanjx)

Purposes

Rounds i to the .imaltaat integer not iesa than Jt ceill'S. 1

1

- 9\0 and L-etl(-e.B) = -H.ti

Tiigonomtftric ocaine of x (x in radians)

Exponential function e".

Absolute value of x.

If x>0 then aba(x> is x
If x=0 then abate) is 0.0

If x-d> then abelx) is —

i

Rounds x to the largest integer not greater than x

floor(8,2) « S.Q and floo-rf-S.-fl = -9,0

Natural logarithm of xihase e)

Logarithm of xfhaae 10)

x raised to power ydiO

Trigonometric sine of x (x in radian*)

Square root nf x

Trigonometric tangent of x [x in radiaosf

note
The argument variables x and y are of type double and all the functions! return the data

Vtypc double.

To use the math library functions, wemust include the header file math.hin convention fl]

C++ and cmath in ANKI C++-

SUMMARY

Jt is possible to reduce the size of program by calling and using functions at different

places in the program.

In C++ the mainO returns a value oftype int to the operating system. Since the return

type of functions is int by default, the keyword int in the matn( ) header is optional.

Moat C++ compilers issue a warning, if there Is no return statement.
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C3> Function prototyping gives the compiler the details about the functions such as the

number and type* of arguments and the type of return values.

<=> Reference variables in C++ permit us to pass parameters to the functions by reference

A function can also return a reference U> a variable.

o When a function is declared inline the compiler replaces the function call with the

respective function code. Normally, a small kLzi: function is made aa inline.

The compiler may ignore the inline declaration if the function declaration ia too lung or

too complicated and hence compile the function as a normal function.

w C++ allows us to assign default values to the function parameters when the function is

declared, [n such a case we tan call a function without specifying all its argument**

The defaults are always added from right La left.

In C + + , an argument to a function can be declare as const, indicating that thti function

should not modify the argument.

O C++ allows function overloading. That ia, we can have more than one function with the

siiniK name in out program. The compiler matches ths function call with the exact

function code by checking the number and type of the arguments.

<Tj C++ supports two new types; of functions, namely friend functions and virtual functions.

O Many mathematical computations can be carried out using the library functions

supported by the C++ standard library.

Key Terms

>

>

>

>

>

>
>

>

>

>

actual arguments

argument list

bubble sort

call by reference

call by value

called function

calling program

calling statement

cmath

const arguments

declaration statement

default arguments

default values

>

>
>

>
>

>

>

>

>

>

>

>

dummy variables

ellipses

empty argument list

exit value

formal arguments

friend functions

function call

function definition

function overloading

function polymorphism

function prototype

indirection

inline

(Contd.)
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> inhriH functions >

>

>

>

>

>

>

prototyping

reference variable

return by reference

return statement

> macros

> math library

> math.h

y overloading

^ pointers

y polymorphism

return type

return()

template

virtual functions

Review

4.1 State whether the following statements are TRUE or FALSE.

(a) A function argument is a value returned by the function Co the catting

program.

0>) When arguments are passed by value, the function works with the original

arguments in the calling program.

(c? When a function returns a value, the entire function cult can be assigned to

a variable.

<d> A fttn\.-tiun curt return a value by reference.

i e> When an argument: is passed by reference, a temporary r-anoble is created

in the calling program to hold the argument value.

(f) It is not necessary to specify the variable name in the function prototype.

4.2 What are the advantages offunction prototype* in C++?

4.3 Describe the different styles of writing prototypes, "

4.4 Find errors, if any, in the fallowing function prototypes,

(a) float average*.xj};

{b) int muUini a.b);

(c) int displayf.,.);

(d) void Vectfint? & V, int & sizes;

(e) void printffloat data []> size = 20);

4.5 What is the main advantage ofpanning arguments by reference?

4.6 When will you make a function inline ? Why ?

4.7 How does an inline function differ from a preprocessor macro?

4.8 When do we need to use default arguments in a function?

4.9 What is the significance of an empty parenthesis in a function declaration?

4.10 What do you meant by overloading of a function ? When do we use this concept ?
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4.11 Comment on the following function definitions:

(a) int *f{
)

t

int m i;

. _ _ .

return(im)

;

}

Cb) double f[ )

{

return (

1

) ;

)

(c) Int 4 f()

I

int n ID;

retum{n)

;

}

|
Debugging Exercises

4.1 Identify the error in the following nmgraiii.

#f nciude- <Tostream>h>

int fun()

I

return 1;

}

float funf)

(

return JO, £3;

vim: ir.nn()

:

caut « (int)fun() cc '

J

j

caut « (float)fun(J +

}
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4.2 Identify the error in the following program,

include <iostream.h>

void display (const Int constl=5)

t

const int const£mS;

int arrayl [const 1]

:

int array2[const2]

;

for (int i=0; i<5;

f

arrayl[1] = 1;

array2[1] = 1*10;

cout « arrayl[i] « ' ' « array2[1] « 1 1

;

}

)

void inainO

(

display(5):

)

4.3 Identify the error in the following program-

^include < 1o stream* h>

int gvalue^lO;

void extra (J

!

cout « gValue « ' ';

\

void main()

I

I

int gYalue 20;

cout « gValue « '
l

j

cout « : g Value « 1

'j

}

}

44 Find errors if any h
m the following function definition for displaying a matrtx:

void display(int A[ ] I ] h
int m, int n)

{

f<n*{i=0; i<ffl-
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cout « " " « A [i J [J]

cout « "\n":

|
Programming Exercises

4. 1 Write a function to read o matrix of size mxn from the keyboard.

4.2 Write a program to read a matrix of six mxn from the keyboard and display

the same on the screen using functions.

4.3 Rewrite the pogrom of Exercixe 4.2 la make the row parameter of the matrix as a

default argument.

4A The effect of a default argument can he alternatively achieued by overloading,

Discuss with an example.

4.5 Write a macro that obtains the largest of three numbers.

4.6 Rede Exercise 4.5 using inline function. Test the function using a main program,

4.7 Write a function powerQ to raise a number mtoa power n. The function lakes a

double value for m and int value for n. and returns the result correctly. Use a
default value of 2 for n to make the function to calculate squares when this argument
is omitted. Write a main thai gets the. values of m and n from the user to test the

function,

"4.8 Writ* a funvtiim thai performs the same operation os that Of Exercise 4.7 but

takes an int value for m. Both the functions should have the same name. Write a
main that calls both the functions. Use the concept of function overloading.
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Classes and Objects

W Key Concepts

> Using structures > Static data members

> Creating a class > Static member functions

> Defining member functions > Using arrays of objects

> Creating abjpctfl > Passing objects as parameters

> Using objects > Making functions friendly to classes

> Inline member functions > Functions returning object*)

> Neateti member functions > roust member functions

> Private member funi:tians > Pointers to members

> Arrays as class member* > Us-tnjf dereferencing HperuturS-

> Storage of objecitH > Local classes

| 1 Introduction

The most important feature ofC++ lh the "class* Its significance La highlighted by the fact

that Strouatrup initially gave the name *C with classes
11

to bin new language. A class is an
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extension of the idea of structure used in C. It is a new way of creating
1 and implementing a

user-defined data type. We shall discuss, in this chapter, the concept ofclass by first reviewing

the traditional slruelures found in C and then the way* in which classes can be designed,

implemented and applied.

1
5.2 C Structures Revisited

We know that one of the unique features of the C language is structures. They provide ft

method for packing together data of different types. A structure is a convenient tool for

handling » group of logically related data items. It is a user-defined datatype with ^.template

that serves to define its data properties. Once the structure type has been defined, we can

create variables of that type using declarations that are similar to the built-in type

declarations, For example, consider the following declaration:

struct student

{

char name [20];

int ro11_number;

float total marks;

\i

The keyword struct declares student as a new data type that can hold three fields of

different data types, These fields are known as structure members orelemente. The identifier

student, which is referred to structure name or structure tag, can he used to create variables

of type student. Example;

struct student A; // f declaration

A is a variable of type student and has three member variables as defined by the template.

Member variables can be accessed using the* dot or parked operator as follows:

5trcpy(A.nafne» "John");

A.ro1l_number 999;

A.total jnarks = 595.5;

F1nal_total - A . tcit;il_maT*fcs *- 5;

Structures can have arrays, pointers or structures as members.

Limitations of C Structure

The standard C does not allow the struct data type to be treated like built-in types. For

example, consider the following structure:
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struct complex

!

float xj

float y:

h
struct complex cl h c2, c3;

The complex numbers el, c2 h and c3 can easily be assigned values using the dot operator,

but we cannot add two complex numbers or subtract one from the other. For example,

c3 cl + c2;

is illegal in C.

Another important limitation of C structures i-? that they do not permit data hiding.

Structure members can be directly accessed by the structure variables by any function

anywhere in their scope. In other words
h
the structure members are public member*;.

Extensions to Structures

C++ supports all the features of structures as defined in C. But C++ has expanded tte

capabilities further to suit its. OOF philosophy. Jt attempts to bring the uner-defined types

as close as possible to the built-in data types, and also provides a facility to hide the data
which is one of the main principles of OOP. Inheritance, a mechanism by which »ne type

can inherit characteristics from other types, is also supported by C++.

In C++, a structure tan have hath variables and functions as members. It can also declare

suiiiv I " i
I - - iriL-nibt.T.i ;»•• "|jri\ -aU_' m» "Jiul llwy uuinel bv iiccubsl-J Uin-c'.ly by ihe cxU'mai

functions.

In C++, the structure names are stand-alone and can be used like any other type names.
In other words* the keyword struct can be omitted in the declaration of structure variables

For eocampLe., we tan declare the student variable A as

iludenl A; / !>+ declaration

KE?membt»r, this ih an EfrrOr in C-

C++ irtcnrporates all these extensions in another user-defined type known as da^s, There
is very little syntactical difference between structures «nd clauses in C++ and, therefore,

they can be used interchangeably with minor modifications. Since class is a specially

introduced data type in C++, most of the C++ programmers tend to uhe? the structure for

holding only data, and classes to hold both the data and functions. Therefore, we will not

discuss structures any further.

n&ie ^

The only difference between a structure* and a das* in C++ is that, by default, the members
^of a glass are private, while, by default, the members ni'u stm r:ture are public.

C opyrighted in ateri al
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[5.3 Specifying a Class

A class is a way to bind the data and its associated functions together. It allows the data

(and functions) to be hidden, if necessary, from external use. When donning a class, WD are

creating a new abntract data type that can be treated like any other built-in data type,

(5eneraLly, a class specification has two parts;

1. Class declaration

2r Class function definitions

The class declaration dest-ril*^ ihc type and sco]>c of its members. The class function

definitions dihscrihe how the class functions are implemented.

The general form of a class declaration in:

class cla55_name

(

pM vat»:

variable declarations;

function declarations;

public:

variable declarations;

function declaration;

h

Tbe class declaration is similar to a struct declaration, The keyword class specifies,

that what follows is an abstract data of type cla8ft_name. The body of a class is enclosed

within braces and terminated by a semicolon, The class body contains the declaration of

variables and functions. These functions and variables are collectively called class members.
They are usually grouped under two sections, namely, private and public to denote which of

the members are private and which of them are public. The keywords private :md public

are known as visibility labels. Note that these keywords are followed by a colon.

The class members that have been declared as private can be accessed only from within

the class. On the other hand, public members can be accessed from outside the class also.

Hie data hiding (using private declaration] is the key feature ofobject-oriented prngrammLng.
The use of tin- keyword private is optional. By default, the members of a class are private.

Ifboth the labels are missing, thcn„ by default. a\l the members arc private, Such a class is

completely hidden from the outside world and does not serve any purpose.

The variables declared, inside the dasfl are known as data members and the functions are

known as member function.!*. Only the member functions can have access to the private data

members and private functions. However, the public members (both functions and data)

can be accessed from outside the class. This is illustrated in Pig. 6.1. The binding of dale, and
functions together into a single class'type variable is referred to as encapsulation.
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N<3 (miry to

Class

Privale area

Data

Functions,

Public area

Enlry allowed to

public area !i
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1 1
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A Simple Class Example

A typical class declaration would look like:

class Item

int number;

float cost;

public:

void getdatafint a t float b);

void putdatafvoid);

]:// ends with semicolon

If variables declaration

// private by default

fi functions declaration

// using prototype

We usually give a class some meaningful name, such a_s item. Thi- n:.i mo now becomes a
new type identifier that can be used to declare instances ut that dnss type, The class item

contains twio data members and two function members. The data members art? private by
default while both, the function?! are public by declaration. The function getdataO can be

used to assign values to themember variablesnumber and cant, and putdatat } for displaying

their values. These functions provide the only access to the data members From outside the

class- This means that the data cannot be accessed by any function chat i.s not a member of

the class Item, Note that the functions are declared, not defined. Actual function definitions

will appear later in the program. The data members are usually declared as private and
the member functions as public. Figure 5-2 shews two different notations used by the OOP
analysts to represent a class.

Creating Objects

Remember that the declaration of item as shown above does not define any ubjecta ofitem
but only specifies what they will contain. Once a class has been declared, we can create

variables of that type by using the class rmmp I. like any other built-in type variable). For
example.
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Class : ITEM

DATA

number

FUNCTIONS

putdatajj

it)

1 1 1 MIII !

lb)

Fig. 52 « Rt^n-t'swifcitiofl t>fa doss

item x; // memory for x is created

creates a variable x oftype item. In C++, the class variables are known as objects. Therefore,

x is called an object oftype item, We may also declare more than one object in one statement,

Example:

Item * t y, Z[

The declaration ofan object is simitar to that of a variable of any bask type. The necessary

memory apace is allocated to aft object at this stage. Note that class specification, like a

structure, provides only a template and does not create any memory space for the objects.

Objects can also be created when a class is defined by placing their names immediately

after the closing brace, as we do in the case of structures. That is to say, the definition

ciaa$ item

{

< ¥ V I -I

.....

would create the objects x* y and z oftype item . This practice is seldom followed because we
would liki. in declare the objects close to the place where they are used and not at the time

of class definition,

Accessing Class Members

As pointed not earlier, the private data of a elans can [m accessed only thmugh the member
funetions of that class. The malnO cannot contain statements that access number and
cost directly. The following is the format for calling a member function:
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cbject-naincf unction- narre (actual -arguments)

;

For example, the function call statement

x,getdata(100
(
7S.5)

;

is valid and aligns the value 100 to number and 75,5 uj cost ofthe object x by implementing

the getd»tft() Funqtiyn. Tb« 3Hsignm«rtlK occur in 1b« m.-tuFH fum-titm. PI«»lhe* r^fsr Sec. 5.4

for further details.

Similarly, Ihe AtnlCrticrlt

x t putdata()

;

would display the values of data members Remember, a member function can be invoked

only by iininy an (ibjeci loflhH .sanit? ::]hsk). The statement like

getdataU0D,?5^5J

:

has no meaning. Similarly, the statement

x,numfcer = 100;

is also illegal. Although x is an object of the type item to which number belongs, the number
(declared private) can be accessed only through a member function and not by the object directry.

It may be recalled that objects communicate by sending and receiving messages. This is

achieved through the member functions. For example,

x
,
putdata()

;

sends a message to the object x requesting it tn rli spiny itH mn tents.

A variable declared as public can be accessed by the objects directly. Example:

class nyz

{

int *:

ini y,

publ i C

:

int z;

};

-----

*yz p;

p*x Oj // error, x is private

p»i 10 // OK, i is public
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, /Etf&J ^

The use of data in this manner defeats the very idea of data hiding and therefore should

ho avoided.

V J

1 5 -4 \lefuting Membcr Function*

Member functions can be defined in two places:

# Outside the class definition.

• Inside the class definition.

It is obvious that H irrespective of the place of definition, the function should perform the

same- task. Therefore, the code for the function body would be identical in both the cases.

However, there is a subtle difference in the way the function header is defined. Both these

approaches are discussed in detail in this section .

Outside the Class Definition

Member functions that are declared inside a class have to be defined separately outside the

class. Their defmi Liens are very much like the normal functions. They should have a function

headerand a function body. Since C++ does not support the old version offunction definition,

the ANSI prototype form must be used for defining the function header.

An important difference between a member Function and a normal function is that a

member function incorporates a membership 'identity label' in the header. This label' tells

the compiler which class the function belongs to. The general form of a member function

definition is:

re tarn- type class -nine function-name (argument declaration)

!

Function body

\

The membership label class-name ;; tells the compiler that the function function- name
belongs to the class class-name. That is* the scope of the function is restricted to the class-

name specified in the header line. The symbol is called the scope resolution operator.

For instance, consider the member functions getdataU and putdataO as discussed above.

They may be coded as follows:

vtiid item :: getdat*(iTit 4. float b)

\

number = a;

cost = b[

\
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void it*m ti putdata(void)

\

cout « "Number e" *c number « "\n";

cout « "Cost :" « cast « "\n":

I

Since those functions do not return any value, their return*t_vpe is void. Function

arguments are declared using the ANSI prototype.

The member functions have some special characteristics that are often used in the program

development. These characteristics are I

* Several different classes can use the same FynctHin namf. The membership label'

will resolve their scope.

* Member Junctions can access the private data of th« class. A non-member function

Cannot do $4- {However, an exception to this rule- lh a friend function discussed later.)

* A member function can call another member function directly, without using the

dot operator.

Inside the Class Definition

Another method of defining a member function is to replace thp function declaration by the

actual function definition inside the class . For example, we could define the item class as

firikwv

class item

f

fnt number;

float cost;

public:

void getdata(int a, float b); // declaration

If inline function

void putdata(void) // definition inside the doss

t

COut « numher « "\n";

cout cost « "\n"j

)

If

When a function isnefinnd insidfa da.sn, it i.s treated fjs ;ui i.riliri4* fund ion. ThfrHfore, n]\

the restrictions and limitations that apply to an inline Junction arc also applicable heru.

Normally, only small functions arc defined inside the class definition.

1 5,5 A C+ + Program with Class

All the details discussed so far are implemented in Program 5.1.
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CLASS IMPLEMENTATION

^Include ^to stream* \

using namespace std;

class Item ^''4'- ci'" :^- ,-L2/i^i^>
' v£i*.i

1 lit number; // private by default

float cost j // private by default

void getdata(int a. float b) : // prototype declaration.

// to be defined

If Function defined inside class • \ :^-iv£*&
:

a^'; ?kV
void putdat a (vol dJ i-f^^-i^iwsit^ ,

\ . ,. . . '.•i~;.7>.-r*<
,

-.v

ctwt « "number :" « number « *\n"; ^S&jF^'--'^
cout « "cost :" « cost « "\n\

}
•

.

]; ..."
L ;/W/«;.ii5Kp.v-"i>

//**..«+...*.» Member Function Definition

wold Item 5: getdataffnt a, float b) //'use aembersffip labzl

number « ai // private variables

cost - b; // directly used • .

/y 4*1 1 « i 1 1 1 1 1 itiiiiini Nfl1 n P ffry r^ni + » +»«+ » * * + * p +

; ^"V L 1 .f
.' I J1 ,

int maln() ..=.-

Item xj// create object x ,>ilf ^ r

cout "\nobjict x * « *\n"; ^S'j.^
•? t̂ WfeJpiV.v-

x. get data (100, £99.95); ff call member function
x. put dataO ; // ccrf I member /unction

Item y; // create another object
•'J-/.

V
!

cout « "Vwbject y* « "\n";

y.getdata(200 t 175.50);

y.putdataO:

return C;

\ 1

PROGRAM 5*1
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This program features the class item. This class contains two private variables and two
public functions. The member Function ffetdutaO which has- been defined outside the clans

supplies values to both the variableR. Note the UBe of statements such as

number - a;

5 ft the function definition of getdataO, This shows that i.h* number funrtiune Can have
direct access to private data items,

The member function putdataO has been defined inside the class and therefore behaves

like an inline function, This function displays the values of the private variables number
and cost.

Theprogram creates two ohjmH, x ;ind y in twodiH^r^nt iitfitement"^- Thig pan be combined

in one statement.

item x, y; // creates a list of objects

Here is the output of Program 5.1:

object x

number : 10D

cost :299.9&

object y

number :20D

cost ; 175,5

For the sake of illustration we have shown one member function as inline and the other

as an 'external' member function, Both can be defined as inline or external functions.

[5.6 Making an Outside Function Inline

One of the objectives of OOP is to separate the details of implementation from the class

definition. It is therefore good practice to define the member functions outside the class.

We can define a member function outside the class definition and still make it inline by

just using the qualifier inline in the header line of function definition, Example:

class item

I

publ 1c;

void getdatafint a, float b); // declorut ion

fi
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Inline void item i; getctatafint a> float b) // definition

!

number = a;

cost = hi

\

1 5 ,7 Nesting ofMember Functions

We just discussed that a member function of a class can be called only by an abject of that

class using a dot operator. However, there is an exception to this, A member function can be

called by using its name inside another member function of the same class. This is known
as nesting ofmember functions . Program 5.2 illustrates this feature.

NESTING OF MEMBER FUNCTION

^include <iostrea*n>

using nanesp-ace std;

class set

f

i-nt m, n;

puhl \c
void input(void);

void display (vflidj

int largest (void)

;

};

int set largest(void)

{

if(m >- n)

return (m)

;

else

return (n)

;

m
void set : : input (void)

{

cout « "Input values of m and n
m « "\n":

cin m » n;

1

void set displayfvoid)

EwBI
fContd)
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cout « "Largest value =

« largest () ** "V // calling i?>enrt?er function

int inainO

{

set A:

A.displ ay{)

;

return 0;

P BOG RAW 5.?

The output of Program 5.2 would be:

Input values of m and n

£5 is

Largest vaiut = n

1 5.8 Private Member Functions

Although it La normal practice to place all the data items in a private tertian and all the functions

in public, SOime situations require certain funiTticins te he. hidden (likp private date) fntrn

the outside calls. Tasks such as deleting an account in a customer file, or providing increment

te an employee are events of serious consequences and thorofore the functions handling

such tasks should have restricted access , We can pi ace thpH^ functions i n 1 h+j private «ecti »n

.

A private member function can only be called by another function that is a member of its

•class. Even an object cannot invoke a private function using (he dot operator. Consider a

class as defined below:

class sample

{

int m;

vcid FE-ad(vciid)
; // priv&tS member JvnctiQn

publ 1c:

void updatefvoid)

j

void write(vold);

If Sl i$ an Object of sample;, then

sl.readf); // won't work; objects cannot access

// private member*
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is iDegal. However, the function readO can be called by the function update!) to update

the value of m

.

void sample update(void)

I

readQ; // simple coll; no object used

I

The arrays can be used as member variables in a class. The following class definition is

valid.

const int size-10: // provides value for array size

class array

«

int a [s i i«] ; // 'o' is int type array

public:

void setvaHvoidJ

:

void d1spl4y(v<i1d)

;

h

The array variable a[ ] declared as a private member of the class array can be used in

the member functions, like any other array variable. We can perform any operations on it

For instance, in the above class definition, the member function setvalO sets the values of

elements of the array a[ 1, and display (1 function displays the values. Similarly, we may
use other member functions to perform any other operations on the array values.

Let us consider a shopping list of items for which we place an order with a dealer every

month. The list includes details such as the code number and price of each item. We would
like to perform operations such as adding an item to the hat, deleting an item from the list

and printing the total value of the order, Program 5.3 shows how these operations are

implemented wing a class with arrays as date members-

PROCESSING SHOPPING UST

^Include <iostream>

using namespace stdi

const m=50;

class ITEMS

(Contd)
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I

)

int i temCode[m]

;

float i temPri ce[m] \

int CDunt;

pub! ic:

void CNT(voi d) (count * 0;}

void getitetnfvoi d)

;

void di spl aySum(void)

;

void remov&fvold)

;

void display! terns (void);

//' initializes count to 0

void [TEM5 :: getitem{void)

\

cout « "Inter item code :";

cin itemCode [count]

;

cout « "Enter item cost :";

tin » 1 temP rice [count]

;

COunt++;

I

void HEMS i ' dis.pl aySum(Yoid)

(

float sum 0}

forfint i*fl; T«=count; i++)

sum * sum + ftemPricefi]

f

// assign values to data

// members of item

// display total value of

II all items

cout « "\nTotal value

void ITEMS removefvaid}

" sum « "\n"}

// delete a specified item

int <li

cout « "Enter item code :";

cin •» a;

forfint i=0; i<counti i++)

lffUemCode[i] == a)

UemPricefi] - 0;

void ITEMS di5playItems(void)

(

// displaying item
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cout « "\nCode Pnc*\n";

for{1nt 1=0; Kcount;

tout «*\n* « ltemCode{1]i

cout *** " *«; 1 tenrPrice[i] i

}
cout « "\n M

j

ma1 n (

)

ITEMS order;

order. CUT ();

fnt x;

do // do. .. .while loop

{

cout << "\nYoU can da the following;"

« "Enter appropriate number \n";

cout « "\nl : Add «ft Item H
;

COut « m \n2 \ 01-i.pl.ly tot.ll MiiJue";

cout « "\f»3 : Delete an item*;

Cout « "\n4 : Display alt t terns";

cout « *\nS : Quit";

cout « *\,n\nWhat is your option?";

cin » mi

switch (a)

f
case t ; orHter.ge£1t6t(); break;

case 2 : crdei\dlsplay5um(); break;

caiie 3 ; order. removef); break;

case 4 t order.dJIsplayltemsfh break;

case 5 ; break;

default f cout « "frnor 1i» input; try aga^\n";

)

} whllefx 1" 5); // do... while ends

return 0;

PROGRAM 5.3
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The output ofProgram 5 .3 would bo:

Vou can da the following! Enter appropriate number

1 : Add an iten

2 j Display total value

3 : Delete an item

4 : Display all items

5 : Quit

What 1s your option?!

Enter item code : 111

Enter item cost : 100

You can do the following! iEnter appropriate number

1 : Add an item

2 : Display total value

3 r Delete an item

4 : Display all Items

5 ; Quit

What is your option?!

Enter Item code xZtl

Enter item cost :20D

you can do the f ol losing; Enter appropriate number

1 t Add an item

2 t Display total value

3 r Delete an item

4 Display al 1 items

5 : Quit

What 1$ your option?!

Enter item code :333

Enter item cost :3C0

You can do the following; Enter appropriate number

1 : Add an Item

2 : Display total value

3 : Delete an 1 tern

A i Display il 1 1 terrs

Si L>uit

Wbat is your option??

Total value :>6Q0

(Contd)
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fou can do the following; Enter appropriate number

1 : Add an item

2 : Display total value

3 : Delete an item

4 : Display all items

5 j Quit

What is your opt Ion?

3

Enter item code :2ZZ

You can do the fot loving; Enter appropriate numt>er

1 ; MA an I tem

2 : Display total value

3 : Delete an item

4 i Display all items

5 : Quit

What Is your opti on?4

Code Pri ce

111 100

222 0

333 300

You can do the following; Enter appropriate number

1 : Add an Item

2 ; Display total value

3 : Delete an item

4 : Display all items

5 : Quit

what Is your option's

The program uses two Array*, namely itemCode f i to hold the code number of items and
itemPrice

I | to hold the prices. A third data member count is used to keep a record of

items in the list. The program uses & total of four functions to implement the operations

to be performwi on the List, The statement
^ J

const int m » SO;

defines the size of the array members,

The first function CNTC ) .simply sets the variable count to zero. The second function

getitemu gets the item code and the item price interactively and assigns them to the array

members itemCodeJcuuntl and itemPrieeleount] Note that inside this function count
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is incremented after the assignment operation is over. The function di splaySu mi ) first

evaluates the total value of the order and then prints the value. The fourth function remove* i

deleter a given item from the List. It uses the item code to locate it in the list and sets the

price to zero indicating that the item is not 'active' in the list. Lastly, the function

displayItem si '> displays all the items in the list

The program implements all ttu: tasks usin^ a aiemj-bn^ed user interface.

We have stated that the memory space for objects is allocated when they are declared and
not when the dass i.s specified. This Htatemurit is emly partly true. Actually, the member
functions are created and placed in the memory space only once when they are defined as a

part ofa class specification. Since all the objects belonging to that class use the same member
functions, no separate space is allocated for member functions when the objects are created.

Only space for member variables is allocated separately for each object. Separate memory
locations fiir the object* are essential, because the meml>er variables will hnld different data

values for different object*. This is shown in Fig. 5.3.

Common far all object*

member luriCbon 1

nwnfeef function 2

memory ennnfad Wion

functions defined

Objaci 1 Object 2 Otijett 3

member vanabia 1 member variable 1 member variable 1

member variable 2 member variable 2 member variable 2

I I I ( I

mrjmcuy OVlM
when objects defined

Fig. 5.3 to Object ofmemory
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Static Data Members

A data member of a class can be qualified as static. The properties of a static member
variable are similar to that of a C static variable. A static member variable has certain

special characteristics. These are ;

• It is initialized to zero when the first object of its class is created. No other initial-

ization is permitted.

• Only one copy of that member is created for the entire class and is shared by all the

objects of that class, no matter how many objects are created.

• It is visible only within the class, but its lifetime is the entire program.

Static variables arc normally used to maintain values common to the entire class. For

example, a static data member can be used as a counter that records the occurrences of all

the objects. Program 5.4 illustrates the use of a static data member.

STATIC CLASS MEMBER:

* include <tostreain>

using namespace std;

i

public*

static 1nt county

1 n t number

j

raid getdat*(1nt a)

(

number a;

count ++1

I

void getccmnt (void)

I

COUt « "Count J "i

cout « count « "\n"i

]

int item : : count; .

.

Int malnf)

\

... , 1

- :

fContd)
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item a, b, c;

a. getcountO;

b. getcount(k

c. getcount(};

a. getdata(lOO)

;

b. geMata(20Qj

;

c. getdata ( 300)

:

// count is initialized to zero

If display count

// getting data into object a

II getting data into object b

II getting data into object c

cout « "After reading data* « "\n";

a. -getcounM) ; // display count

b. geteountO

;

c. getcountO j

return 0;

PROGRAM 5,4

Hie output of the Program 5,4 would be:

count i 0

count? 0

count; 0

After reading data

count: 3

count: 3

s- note
Notice the Following statement in the pro^mm:

\ nt item : : count
i // d$J ittlt ion of static data mmber

Note that the type and scope ofeach static nnjoibi-T variable must be defined outside the

class definition. This is necessary because the static data members arc stored separately

rather than as a part, ofan object. Since they are associated with the class itself rather than

with any class objects they are also known as class variables.

The static variable count is initialized to zero when the object* are created. The count in

incremented whenever the data is read into an object. Since the data is read into objects

three times, the variable count is incremented three times. Because there is only one copy of

count shared by all the three object*, all the three output ^Lacements cause the value 3 to

be displayed . Figure !i.4 shows how a static variable is used by the objects.
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number

Object 2

number

Object 3

number

-. i
j--

3

count

(common Ed ell mree c&jetJs)

Fig. 5A e» Shoring afa stutk dnto member
j

Static variables are like non-inline member functions as they are declared in a class

declaration and defined in the source file. While defining a static variable, some: initial

value can also be assigned to the variable, Fur irmUinee, the Fullywin^ [definition gives count

the initial value 10.

tnt Item : : count = ID;

Like static member variable, we can also have static member functions.Amember Junction

that is declared static has the following properties!

• A static function can have access to only ether static members (functions or

variables) declared in the same class,

• A static member function can be called using the-clase name {Instead of its objects}

us follows:

class-name :; fanction-nume;

PrK]grum illustrates Ui-r imijltniL-iUation of these characteristics. The static function

shmveourtU ) displays the number of objects created till that moment. A count of number of

objects created is maintained by the static variable count,

The function showeodeO displays the code number fif each object.
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STATIC MEMBER FUNCTION

include nostream>

using namespace $td;

class test

I

publ ic:

// static {tie/fiber variable

U

int code;

StiMc int count;

void setcode(vo>dl

I

COd* = ++COurtt;

J

void showcode{voi d)

t

cout « 'object number: * « code « "\n";

\

static void sho*count(void) // static member function

(

cout « "count j
" « count «

int test : : count;

int. n»ain()

I

test tl, 12;

tl ,setcode{)

:

t2 r -set code {)

;

test showcuuntO ; // vcceising stutic function

test t3;

t3 t setcode()

;

test s'hO^CQUflt ()
-

t

tl .showcodeO

i

tz.sh opcode () i

t3.shawcode() ;

return 0;

PROGRAM 5.5
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Output of Program 5-5:

count; 2

count; J

object number: 1

object number: 2

object number; 3

note ^
Note that the statement

code ++count;

jg executed whenever .qetcodel ) function is invoked and 1 hi' iurn^nt value of count is

signed to code, Since each object has its own cowy pi t-ude, the value cootaioed in code
repret»ent« a. unique number of its object-

Remember, the following function definition will not work:

static void showcount()

!

cout « code; // code is not static

\

We know that an array can be of any data type including struct. Similarly, we can also

have array fi of variables that are of the type class. Such variables are called arrays of

objects. Consider the following class definition:

class, employee

(

char name [30]

;

float age;

publ ic;

void getrfata{void)

:

void putrfatA(void)

:

h

The identifier em ploynet is a user-defined data type and c:«n lie used to create objects

thrit relate to different categories of the empluyeeH. Exuuiplr:

employee manager[3]

;

emp 1 oyee foreman [15],

emp 1 oyee worker [75]:

// array of manager

ff array of foreman

// array of worker
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The array manager contains three objectsXmanagers], namely, managerial, manager! 1 i

and m]inH^erL2J, «ftype employe* class Similarly, the foreman array contains In [hjt*.-tN

(foremen) and the worker array eontainfl 75 objects^ worker^.

Since an array of objects behaves like any other array, we can use the usual array-

accessing:methods to access individual elements, and then the dot member operator to access

the member functions. For example, the statement

[Banager[i] ,putditA()

;

will display the data of the Ith element nf the array manager. That is, this statement

requests the object manager! i I to invoke the member function putaataO.

An array of objects is stored inside the memory in the same way as a multi-dimensional

array- The array manpger in represented in Fig. S.fi. Note that only the space lor data item-H

of the objects is created. Member functions are stored separately and will be used by all the

objects.

ape

13 r :

Fig. 5,5 » Storage ofdata items ofan ohitx! arrau

Program 5.6 illustrates the use of object arrays.

finclude <to4tmm>

using r>anespace 5td;

class employee

marvignr|Ci;i

manager]!!

msnagsiUI

(Contdt
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{

char name [30]; // string as class nenrber

float age;

public:

void getdata{votd)

;

void putdata(void)

[

.

t

void employee t: getdata(void)

COut « "Enter name: ';

cin » name;

cout « "Enter age:

cin » age;

void employee : : putdata (void)

cout « "Manet " « name « "\n H
;

caut "Age; " <^ age « "\n";

const fnt size-3;

Int mainf)

employee manager [sue]

;

for{1nt 1=0; 1<stze;

(

CDut «;* "\nCtetails of manager
- « 1+1 m

\n
m

\

managerfi] .
getdata[)

;

)

Mut « "\n";

fcr(1=0i 1<s1ze* t++)

[

cotit « "\nManager" « 1+1 « "Vis";

manager[1] .putdata{)

;

]

return Cj

}

PROGRAM B.6

This being an interactive program, the input data and the program output are shown below;

Interactive input

Details of managerl

Enter nam*: xxx

Enter age: 45
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Details, of manager?

Enter nam*: »y
Enter age: 37

Details of manager)

Enter name: zzz

Enter- age: 50

Program output

Name: xxk

Age: 45

Manager?

Name: yyy
Age: 37

Manager!

Nane; rz.z

Age: SO

^5.14 Objects as Function Arguments

Like any other data type, an object may be used as a function argument . This can be done

in two ways:

* A copy of the entire object is passed to the function.

• Only the address of the object is transferred to the function.

The Erst method is called pann-hy-vdlue- Since & copy of tbp object* in parsed to the function,

any changes made to the object inside the function do not alfbet the object used to call the

function- The second method ia called pass-by* reference. When an address of the object is

passed, the called function works directly on the actual object used in the call. This means

that any changes made to the object inside the function will reflect in the actual object. Tht>

pass-by reference method is more efficient since it requires to pass only the address of the

object and not the entire object.

Program 5.7 illustrates the use of objects as function arguments. It performs the addition

of time in the hour and minutes format
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OBJECTS AS ARGUMENTS

Hnclude ^id-streainp1

using namespace std;

class tine

[

Int hours;

Int minutes;

publ tec :r>i.
'

void $ett1me£int h. int m)

{ hours - h; minutes. 3 m; }

void putt i me (yd id)

{

cout « hours « " hours and

court « minutes « " minutes « "\r»
B

;

I

vol d sum{t1iMp, time): // declaration with objects as arguments

U
void time : : sum(time tl« time t2> // tl* tZ ore objects

{

minutes « tl. minutes + t2, minutes; -

r
-r.

hours - minutes/60;

minutes - mi nute£%60;

hours " hours + tl,tiqurs + t2. hours;

}

Int malnf]

time Tl, JZ t T3;

Tl,gettime(£,45J: // pet TI

TZ.gett1nw[a,30Ji // get T2

T3,5um(n,T2) ; // rj-rj+re

cout « Ml *j TLputtimeOi
CWt « "T2 - m

i T2*pUtt1*#0;

cout « "T3 - '5 T3<putt1meO;

return 0;

•-
" ^*', ,

'

:
.'*: *»

'#•''*
• '

„ // tfisp.lvy u
II Msfiley tz

If display TJ

• T-'il

'

^HOSRAK 5.7
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The output ofProgram 5-7 would be:

Tl = 2 hours and 45 minutes,

T2 = 3 hours and 30 minutes

T3 =6 hours and 15 minutes

Since the member function wurtil ) is invoked by the object TS, with the objects Tl and T2
as argument?, it can directly access the hours and minutes variables of TS_ But> the

members ofTl and T2 can be accessed only by using the dot operator dike Tl.hours and

Tl,minutest. Therefore, inside the function BuinO, the variables huurs and minutes refer

to T3, Tl .hours and T] minutes refer to Tl, and T&htHjns and T2,minutes retor w T2.

V
,

,

Figure 5.6 illustrates how the members a™ Ftccusspr] insirle th^ function JiuifiO.

hours
r- B

Tl .hours

15
minutes Tl .rnlnulaa

fT1 + T2)

4S

T2.noura

T2.minu1aa
30

TJ. sum{Tt, T2)

Fig. 5,6 » Accenting members ofobjects within a catted function 1

An object can also be passed as. an argument to a non-member function. However, such

functions Can have access to the public member functions only through the objects passed

as arguments to it. These functions cannot have access to the private data members.

[ 5 ^ 1

5

Friendly Functions

We have Iwpn emphasizing throughout thi> chapter that the private members cannot be

accessed from outside the class. That is, a non-member lunction cannot have lui access to

the private data of a class. However, there could be a situation where we would like two

classes to share a particular function. For example, consider a case where two classes,

manager and scientist, have been defined. We would like to use a function income_t«x(>

to operate on the objects of both these classes. In such situations, C++ allows the common
function to be made friendly with both the classes, thereby allowing the function to have

access to the private data of these classes. Such a function need riot be a member of any of

these daises.
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To make an outside function ""friendly* to a class, we have to simply declare this function

as a friend of the class as .ihnwn below;

Class ADC

(

itlii

publ i c

;

friend void xyz{vo1d)? // declaration

h

The function declaration should be preceded by the keyword friend. The function is

defined elsewhere in the program like a normal C++ function. The function definition does

not use either the keyword friend or the scope operator The functions that are declared

with the keyword friend are known as friend functions. A function can be declared as a

friend in any number of classes, A friend function, although not a member function, has

full access rights to the private members of the class, v

A friend function possesses certain special characteristics:

* It is not in the scope of the class to which it has been declared as friend.

* Since it is not in the scope of the class, it cannot be called using the object of that

class,

* It can be invoked like a normal function without the help ofany object,

* Unlike member functions, it cannot access the member names directly and has to

use an object name and Hot membership Operator with each member name.(e-fT-

A.*).

* It can be declared either in the public or the private part of a class without affect-

ing its meaning.

* Usually, it has the objects as erguments-

Thc friend functions are often used in operator overloading which will be discussed later.

Program 6,8 illustrates the use of a friend function,

FRIEND ("UNCTION

Include ciDstream>

using namespace std;

class sample

(Contd)
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i jP"r~ HYA

publ 1c;

void setvalueO {a=?5: b=40; ^

friend float nwan(sample s);

li

float meaTi{ sarnie s)

I

return f 1 oat [-a , 4 + s.b)/2.0;

int main()

sample X; // object X

comt « "Mean value = " « mean(X) <•< "\n'

return 0;

PROGRAM 5,5

i fuel [us i "I 1 'm^nim S L uv
. u I <\ h<-;

Mean *alu« =

nd b by using the dot operator and the

object passed to it. The function call mean(X) passes the object X by value to the friend

function. »

V_ J
Member Functions of one class- can be friend function* «if another class, In such cases,

they urt defined ustnp^ the scope resolution operator sh.cn* ii below:

cl^S X

I

Int funl(); // member function of X

I;

class t

(
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friend int X ii funl()i // pnl() of X
» // is friend of f

};

The fbinctiori ftlrl10 is a mem her mf class X and n friend of class Y.

We can also declare all the mem tier i unctions of ones clans an the friend functions oC

another class. In such cases, the class is called a friend class. This can be specified as follows:

class Z

(

friend class X; // cri I member fund ions of Jf ore

// friends to 1

\\

Program 5.9 demonstrates how friend functions work as a bridge between the classes.

A FUNCTION FRIfKDLY TO TWO CLASSLS

fincludE <\ ostre-amp1

using namespace std;

class ABC; // forward declaration

f t

class XYZ

1

int k;

publ ic:

void setvaluefjnt 1) {x = 1;)

friend void n»*(xrz t A&C};

\\

ft
class ABC

f

int a;

publ ic:

void setvalue(int ">) fa = i;}

"•"•Mend void maxfKY?, ABC);

u
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// //
vnfd msx(KY7 m, ABC n) // 0e fx n i f

i

on of friend

i

1 f (m.x >=* Ft. a)

COUt «
else

cout « n.a:

}

t//

Int mafnfj

[

ABC ate;

abc.setvatueUO):

XVZ xyii

xy2*setvalue{20)

s

majcfxyi,

return 0;

)

The output of Program 5.9 would be:

20

PROGRAM 5.9

note
The function maxt.) has arguments from both XYS6 and ABC . When the function maxO is

declared as a friend in XYZ for the first time, the compiler will not acknowledge the

presence ofABC unless its name is declared in the beginning as

Cl«* ABC;

This is known as 'forward" declaration,
V__ J
As pointed out earlier, a friend function can be called by reference, In this case, local

copies of the objects are not made. Instead, a pointer to the address of the object is passed

and lh« fiallun function directly works on Lhc- ac:ti]:i] ohjwt used in the call

This method can be used to alter the values of the private members of a class. Hemember,
altering the values of private members is against the basic principles of data hiding. It

should be used only when absolutely necessary,

Frngrflm 5, ID shown how to use a common friend Function umxirbungH th« private values

of two classes. The function Lb called by reference.
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ShAPMNG PRIVATE DATA flF CLASSES

^include <icstream>

using namespace std;

class class 2;

class class l

Int valuel;
'•
VH

i'i*

publ Ice

weld < ndata(1 nt a) |>a"luel - aj}

void display(vold) {cout « valuel *<

friend void exchange [class 1 ft, dais I I);

}i

class class 2

i

Int valueZ;

publ i c

:

void im)ata(lnt a) {value? - a;} ... i^'V
void dtsplay(vold) jeout « valueZ <* "Wil*
friend void exchange (class 1 4, class 1 \)\

):

void exchange(clfl5s_l & x
p

cl ass_2 I y)

t ......

int temp * x. valuel;

x, valuel = y.value2

;

y, valueZ temp;

: ft?

int n\ain()

t

cla&s_l Cl;

class 1 C2;

Cl.indata(lM)
|

CZ.indataizflfl) : ,.

'

"
- ^^^v '^ <-J^> •

*

cout <* "Values be^re exchange" « *\ir
B

;

Cl.displayOi

C2.displayO:
."4 n vi* irtf1 r -.••jsikf*,-

(Contd)
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// swapping

cout « "Valuer after exchange

CI. display!)

;

C2.disp-lay{);

« »\n';

return 0;

PROGRAM S,10

The objects x and y are aliases (A Cl and C2 respectively. The stat«mEinL%

int temp = x. value!

x,valuel = y,*alue2;

y. value? - tempi

directly modify the values nf value! and valut'2 dec: I fired in class 1 and classS.

He™ ib tbe output of Program 5,10;

Values before exchange

100

zoo

Values after enehange

200

100

1 5.16 Returning Ob jects

A function cannot only receive objects as arguments but aba can return them. The example
in Program 5.11 illustrates how an object can ha created! {within a function j and returned to

another function

include «iostream>

using nameipAce std;

class coipplex // x * iy form

// real port

// imginary port

void input (float real, float Imay)

{ x real ; y - imag; }

(Crtntti\
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U

friend complex sum (complex, complex);

void show (complex)

;

tomplsa sum (complex cl, complex c2)

{

cental ex c3; // objects c3 Is created

c3.x * cl.x * c2*x;

rpturn(c3); // returns object c3

1

void CCWple* :i *how(cciplex r.)

caul « c.x « 1 * j" « c+y « "\n";

int na1n()

!

convex A* B. C;

A. lnput{3.1, 5.65);

B. tnput(2.?5. Uiii

C « 5uai(A» B); // C

cout « "A *i A«show(Ah

cout « M
B * "i B.shoirf(B)i

cout « *C - C.showfC};

mum 0:

Upon execution, Program £.11 would generate the following output:

A 3rl + J5,65
B - 2.75 +

C - 5.B5 + j6.&5

PRQGWW 5.11

The program adds two comple*

and displays all the three numbers.

A and B it* pradueti a third complex number C
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const Member Functions

Ifa member runctinri does not alter any data in the clan*, then we may declare it as :i cunst

member function as follows;

void mulfirvt, int) canst;

double getbalancef) const;

The qualifier const is appended to the function prototypes (in both declaration and definition).

The compiler will generate an error message if such functions tiy to alter the data values.

[5^18 Pointers to Members

It is possible to take the address of a member of a class and assign it to a pointer, The
address of a member can be obtained by applying the operator & to a "fu lly qualified

71

class

member name, A class member pointer can be declared using the operator with the clasji

name. For example, given the class

class A

[

pri v-ite:

int til;

public:

void show{)

;

k

We can define a pointer to the member m as followR:

Int 1p - W n;

The ip pointer created thus acts like a class member in that it must he invoked with a

class object. In the statement above, the phrase A:;" means "pointer- to-membcr ofA class
41

.

The phrase AAxnn means the "address of the m member ofA class".

Remember, the following statement is not valid;

int *ip * «n; //won't work

This is because m is not simplyan int type data. It has meaning only when it is associated

with the classs to which it belong!?. The scope operator m^st be applied to both the pointer

and the member.

Copyrighted material



Classes and Objects # 133

The pointer tp can now be used to access the member m inside member functions (or

friend functions). Let us assume that is an object ofA declared hi a member function. We
con access m using the pointer ip as follows:

cout « a»*1p; // display

cout « a.m; // some as above

Now, look at the following code:

ap = aa; // op is pointer to object a

cout « ap -> *ip: // display m
cout « ap -> m; // sme as above

The dereferencing operator >* is used to access a member when we use pointers to both

the object and the member. The dereferencing operator.* is used when the object itself is

used with the member pointer. Note that "ip is used Like a member name.

We can also design pointers to member functions which,, then,, can be invoked using the

dereferencing operators in the main as shown below :

(object-name . * pointer- to-member function) (10);

{pointer-to-Qbject ->* pointer-to-member function) {10}

The precedence of0 is higher than that of .* and ->*, so the parentheses are necessary,

Program 5.12 illustrates the use ofdereferencing operators to access the class members.

DEREFERENCING OPERATORS

include *f ostream*

ysing namespace std

:

class H

Int x;

int y;

public:

void set_nyfirit a, int bj

X = a;

y - b;

}

friend int 5um{fl m)

;

fCantd)
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h
Sum(M m)

Int H ts* p* = &M

Int M py - 4H :: y;

M *pm = Smf

int S - m.*px + pm-^py^

return S;

void (M :: *pfHint, int) = AH : : set_xy;

(n.*pf)(10.20}|

cout « "SUM - N « Sum(n) « N
\n";

M "OP « in;

(op->*pf) (30.40):

cout « "SUM - 11 « jum(n) « B \n"j

return 0;

The output of Program 5.12 would be:

sum 30

suri - 70

1 5.19 Local Classes

Classes can be defined and used inaide a function or a block, Such classes are vailed local

classes. Examples:

void test f int i) l( function

int Tnain{)

H n:

mftMH 5.13

class student // local doss

// class definition
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student si (a); // create student object

If use student object

)

Local classes can use global variables (declared above the function > and static variables

declared inside the function but cannot use automatic local variables. The global variables

filiuutd U.l
Lirn-il with the scope operator {;:).

There are some restrictions in constructing local classes. They cannot, have static data

members and member functions must be defined inside the local classes, Enclosing function

cannot access the private members ofa local class. However, we can achieve this by declaring
the enclosing function as a friend,

£> A class is an extension to the structure data type. A class can have both variables and

functions as members.

O By default, members of the class are private whereas that of structure arc public.

Only the member functions can have hcwsk to the private data members and private

functions. However the public members can bo accessed from outside the class.

In C++, the class variables are called objects. With objects we can access the public

members of a class using a dot operator.

w We can define the member functions inside ar hulskJi- the class. The difference between

a member function and a normal function is that a member function uses a membership
'identity' label in the header to indicate the claas to which it belongs.

The memory Hpt^e for the objects is allocated when they are declared, (Space for member
variables is allocated separately for each oL>jem_1

,
hui no ^L:^zir; it* Npiicc i.- ulLociiU-d for

member functions;.

O A data member of a class can be declared as a static and is normally used to maintain

values common to the entire class-

C$ The static member variables must be defined outside the class,

O Astatic member function can have access to the static members declared in the same
class and can be called using the class name.

C++ allows us to have arrays of objects.

SUMMARY
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O We may use objects as function arguments.

<Z> A function declared aa a friend lh rmt in 1h*- sfu|)e of the class to which it has 1m-!*;ti

declared &h friend. It hafi full HcceKH to thd private memtiPrK nf the clas.fi.

O A function can also return an object.

O If a member function doea not alter any data in the class, then we may declare it as a

const member function. The keyword const is appended to the function prototype.

<=> It is also possible to define and use a class inside a function. Such a d aes is called a local

class.

ley Terms

r abstract data type V objects

arrays 01 objects %r pase-by'reference

> HUBS > pass-by-value

> class decUiHticm > period operator

class members > private

> class variables > prototype

> const member functions > public

> data hiding > scope operator

> data member.1? > scope resolution

> dereferencing operator > static data members

> dot operator > static member functions

> element > static variables

> encapsulation > struct

> friend functions > .structure

> inherit antt; > structure members

> inline function* > structure name

> Local class > structure tag

> member functions > template

> nesting of member functions

I
Review Questions

6,1 How do structural} in C and C-t-f- differ?

5 2 What is a class? How does it accomplish data hiding!



Classtes and Objects #137

5..1 fI()[c dtwx n C++ structure differ from a C++ class?

5.4 What are objects? How are. they created?

5.5 How is a member function of a class defined?

5.6 Can we use the same function name for a member function of a class and an
outside function in the same program file? Ifyes, how are they distinguished? If

no, give reasons.

5.7 Describe the. mechanism ofaccessing data members and member functions in the

following cases:

tal Inside the main program.

(b) Inside a member function of the same class.

id Inside a member function of another class.

o,8 When do we declare a member of a class static?

5,9 What is a friend function? Whai are the merits and demerits of using friend

functions?

ij.lO State tc-hether the foll&izinti y.tatemt-ntn are TRUE or FALSE.

(a) Data items in a class must always be. private.

(b) A function designed ns pnrn/f. t* $ccewible only to member functions of that

class.

if) A function designed as public can be accessed like any other ordinary

functions.

fd> Member functions defined inside a class specifier become inline functions by

default.

(e) Classes can bring together all aspects ofan entity in one place.

{0 Class members are public by default.

(g) Friend functions have access to only public members of a clofi$.

(h) An entire class can be made a friend of another class.

(i) Functions cannot return class objects.

(j) Data members can be initialized inside class specifier.

5.1 Identify the error in the following program,

^include <iostream.h>

struct Room

i

irtt widths

int length;
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void setvalue(int w, 1 nt 1

)

f

width - w»

length = 1;

)

h
void mainQ

{

Room obj Room;

DbjRoairusetYal uef 12, 1,4);

1

5.2 Identify the error in the following program-

linclude ^fostream.h*

class Room

{

tnt width
h

height;

void setva.1 ue [ 1 n-t w t tnt h)

{

width = v\

height - h;

}

!:

void roainf)

Room objRoom;

obj ROOm, width = 12;

!

fi-l Identify the error in the fallowing program.

if include cio5tream.h>

class Item

{

private;

Static int count;

public:

ltem()

(
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ccunt++;

\

int getCcuntO

{

return count;

}

I nt* getCOun tAdd re$ 5 f

}

[

return count;

}

};

int Item: : count « D;

void main()

{

Itern objlteml;

Iteip objltemZ;

cout « obcilteml.getCountO « ' '

;

cout « Dbj]tem2 r yetC0iunt{) « 1 1

;

cout « obj Item 1 .get CountAddress () « 1

cout « obj I tem2 .getCountAddress () « ' ';

I

5.4 Identify the error in the following program.

Jinclude ^iostrtam.h*

class stat icFu net ion

\

static int count;

Oubl 1C:

static void setCountO

I

count++;

)

void displayCount()

{

cout « count

j
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)

)l

int s tati c Fun cti on i: count - 10;

veld malnO

{

staticFunction otgl;

qbjl. set Count (5)i

statf cFunctl on : isetCountfh

obj ] .cispl ayCountf)

[

}

5.5 Identify the error in the following program.

(include <i est ream. h>

class Length

{

int feet;

float inches:

publ ic:

Length ()

\

feet 5:

inches - 6.0;

)

LengtMint f, float In)

(

feet - f;

inches in;

}

Length *ddLeng.th(Leftgth 1)

(

1. inches th ,>5->i nches;

l .feet += this->feet;

IffLinchest)

I

ljnehes— I2i

l ,feet++i

I

return 1

;
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)

int getFeet()

i.

return feet;

I

float getlnches()

{

return Inches;

\

void main()

I

Length objLengthl;

Length objLengthl (5. 6.5);

objLenjthl = ubj Leng't h 1 . addLengt h (obj Length 2

)

;

cout « obg Length 1 .get Feet {J '
'<

cout obj Length 1. get lnchesf) «=<
1 1

;

}

5.6 Identify the error in the following program.

find Lid* 'slostream.h*

class Room;

void Area()

{

Int width, height;

class Room

(

int width, height;

public;

void semi ue( Int w, int h)

(

width =

height = h-

}

void d1 spl ayVa-T ues 0
{

cout « (float)width *= ' ' « (float) height >
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)

Roqit objRooml

;

objRooml.$etValue(12, 6);

ob.j Roomi .<J1 spl ayval ues () e

(

Area ( )

;

Room objRoomZ:

\

|
Prtijirfimrtiiujii Fx-ert isfs

5.1 Define a class to repraw/tl a £anfc a^cotxnt. ine^tfe l/ie following members:

Data memfefrj

1. iVdme of the depositor

2. Account number

3. Type of account

4. Balance amount in Ifie accou-ret

Member functions

1. To asefg* initial values

2. To deposit an amount

3. 7b withdraw an amount after checking the balance

4. To display name and balance

Write a main program to test the program,

fj r2 Write a dans to represent a vector (a series of float values). Include member
functions to perform the following tasks:

(a) 7b create the vector

(h) To modify the value of a given element

(c) 7b multiply by a scalar value

(d) To display the vector in the form (10, 20, 30, ...)

Write a program to test your class,

5.3 Modify the clam and the program of Exercise 5-t for handling 10 customers,

5A Modify the class and program of Exercise 5.2 such that the program u^uld be

able to add two vectors and display ike resultant vector, (Note that u,-e can pass

objects as function arguments.)
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Create two classes DM and DB which stare the value of distances, DM stores

distances in metres and centimetres andDB in feet and inches. Write a program

thai can read valuta for the doss objects and add one. object ofDM with another

object ofDB.

Use a friend function to carry out the addition apemtion. The object thai stores

the re&ultn may he a DM object or DB object, depending on the unite in which the

r&Aultn anf rc.quired-

The display should be in the format of fe.e.t and inches or metres and centimetres

depending on the object on display.
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6
Constructors and Destructors

Key Concepts

y Con gtructing objects

y Constructors

V Constructor overloadinjr

y Default argument constructor

Wm< Copy constructor

y Con3tructine matrix objects

y Automatic; initialization

X Parameterized t:cjrasL rurtoTK

y Default constructor

> Dynamic initialisation

> Dynamic constructor

> Destructor -

hav* already been created. These functions

at the time of creation of their objects

|6 1 Introduction

We have seen, so far
t
a few examples of

classes being implemented. In all the cases,

we have used member functions such as

puldataO mtd HClvaJueO tu prifvide initial

values to the private member variables. For

example, the following statement

A.inputf);

invokes the member function lapulO
r

which assigns the initial values to the data

items of object A. Simil arly, the statement

*,oetdatA( 100.299,95);

passes the initial values as Hi^iiments to

the function gfetdalaO, where the^e values

are assigned to the private variables of

object x. All these 'function calf statements

are used with the appropriate objects that

cannot be used to initialize the member variables
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Providing the initial values as described above'does not conform with the philosophy of

C++ language, We stated earlier that one of the aims of C++ is to create user-defined, data

types such a* cIb*?, that behave very similar to the built-Ln types, This means that we
should he able to initialize a class type variable (object) when it is declared, much the same
way as initialization of an ordinary variable. For example,

int m = ZO;

float x = 5,75;

am valid initialization statements for basic data types.

Similarly, whim a varuahli- of huilr-m type gw- out pf ncxtptK (he compter automatic-ally

destroys the variable. Rut it has not happened with the objects we have so far studied. It is

therefore clear that some more features of-classes need to be explored that would enable us

to initialize the objects when they arc- created and destroy them when their presence is no

longer necessary,

C++ provides a special member function called the constructor which enables an object to

nljrinli.H 1 il^di'v. Jil-:1 il is < crated. This b- Milieu a^tittiufnntic initialization ol' oijj ucLa . It ;dwo

provides another member function called the destructor that destroys the objects when they

are no longer required.

16.2 Constructors

A constructor is a 'special' member function whose task is to initialize the objects of its class.

It is special because its name is the same as the class name. The constructor is invoked

whenever an object of its associated class is created. It is called constructor because it

constructs the values data members of the class-

A constructor is declared and denned as follows:

// class with a constructor

class Integer

int m, n:

publ ic:

1 rtegerfvoid)

;

// constructor declared

k
i nt Eger : : 1 nteg«r (void) // constructor defined

hi - 0; n - 0;
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When a class contains a constructor like the one defined above, it is guaranteed that an

object created by the class will be initialized automatically. For example, the declaration

Integer intl? // object tntl created

not only creates the abject in! I oi' typr integer but also initializes its data members iti and
n to zero There is no need to write any statement to invoke the constructor function (as. we
do with the normal member functions). If a 'normal' member function is defined for zero

initialization, we would need to invoke this function for each of the objects separately. This

would be very inconvenient, if there are a large number of objects.

A constructor that accepts no parameters is called the default conxtructur. The default

constructor for classA isAxA( J. If no such constructor is defined, then the compiler supplies

a default constructor, Therefore a statement Hiirh hs

A a;

invokes the default constructor of the compiler to create the object a.

TTie constructor functions have some special characteristics, These are ;

• They should be declared in the public section,

• They arc invoked automatically when the objects are created.

• They do not have return types, not even void and therefore, and they cannot return

values.

• They cannot be inherited, though a derived class can call the base class couslrur-

tor.

• Like other C++ functions, they can have default arguments.

• Constructors cannot be virtual. (Meaning of virtual will be discussed later in

Chapter £.)

• We cannot refer to their addresses,

• An object with a constructor (or destructor) cannot be used as a member of a union.

• They make implicit calls' to the operators new and delete when memory alloca-

tion is required.

Remember, when a constructor is declared for a class, initialization of the class objects

becomes mandatory.

163 Parameterized Constructors

The constructor integer*), defined above, initializes the data members of all the objects to

zero, However, in practice it may be necessary to initialize the various data elements of

different objects with different values when they are created. C++ permits us to achieve this

objective by passing arguments to the constructor function when the objects are created.

The constructors that Can takf? argruxnentH are called parameterized constructor?.

Copyrighted material



Constructors and Deslruclars A 1 47

The constructor integer* ) may be modified to take arguments as shown below:

class Integer

(

i rl t ffl, fi;

public:

Integer ( 1 nt x, int y)j // parameterized constructor

fat!

);

integer : : integer (i nt Jt, Hnt y)

• ij a yj

}

When a constructor has been parameterized, the abject declaration statement such as

integer intl;

may not work. We must pass the initial values as arguments to the constructor function

when an object is declared. This can be done in two ways:

* By calling the constructor explicitly.

• By failing the cunistruutor impliedly.

The following declaration illustrates the first method:

integer intl = i nteger{0 t iQO) ; // explicit call

This statement creates an integer object intl and passes the values 0 and 100 to it, Thn
second it; implemented as Follows:

integer intl{Q,10Q); // implicit coll

This method, sometimes called the shorthand method, in used very uften as it is nhorter,

looks better and is easy to implement.

Remember, when the constructor is parameterized, we must provide appropriate

arguments for the constructor. Program 6,1 demonstrates the passing of arguments to the

amsLrucilnr functions.
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CLASS VITH CONSTRUCTORS

* Include <io5tream>

using names pace std;

class integer

[

int m, nj

publ 1 c

:

integer{1nt. 1nt);

wold c|isptay(YQ.1 d)

(

cout « m * " « m «
cout <« • a =- • « n «

I

k

Integer integer^ nt x. int y)

(

» *; n yj

}

int mainf)

i

integer fntlfO.100):

fnteger int2 - Integer (25. 75);

cout « •\rrf)9JECTl" « "\n
#

;

i ntl .cti spl a_v
( )

;

cout « "\nOBJECT2* « H
\n

H
;

int2.display()j

return 0;

)

Program 6,1 displays the ft] lowing output:

OBJECT

1

n = 100

// constructor declared

// constructor defined

// constructor colled implicitly

If constructor called explicitly

PROGRAM 6.1

Copyrighted material



Constructors and Destructors • 149

0GJECT2

* Z5

n - 75

The constructor functions can also be defined as inline functions. Example;

class integer

{

int m, n;

publ ic:

integerfirit x> int y) // Inline constructor

{

ID Hi y n;

}

);

The parameters of a constructor can be of any type except that of the class to which it

belongs-. For example,

class A

I

p>u b 1 i c

:

A (A) j

h

is illegal.

However, a constructor can accept a reference to its own class as a parameter. Thus, the

statement

Class ft

S

public:

MM);
):

is valid, In such cases, the constructor is called the copy constructor,
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16 .4 Multiple Constructors in a Class

So far we have u.sed twu kindh lnC constructors. They art':

integerf); // ffo arguments

Integerflnt, Irvt); // Two flrgtflwnts

In the first case, the constructor itself supplies the data values and no values are passed

by the calling program. In the second case, the function call passes the appropriate values

from main! J. C++ permits us to use both these ctmHtructor.q in the same class. For example,

we could define a dasH as follows:

class, integer

{

int m. n;

public:

integer(){fli=0; n=Q-,}

intcgtrflnt a + 1nt bj

fm - a; n - b;}

i ntegerfirteger & i)

1 .r

;

// cons

f

rue tor 1

il constructor 2

II constructor 3

This declares three constructors for an integer object. The first constructor receives no

arguments, the Becond receives two integer arguments and the third receives one integer

object as hh argument. For example, the declaration

intHoer J
]

;

would automatically invoke the first con.s»n,"tc>r and set both m and n of II to zero. The
statement

integer 12(20,40)

t

would call the second constructor which will initialize the data membersm and n of 12 to 20

and 40 respectively, Finally, the statement

integer 13 (12 J;

would invoke the third constructor which copies the values of 12 into 13. In other words, it

sets the value of every data element of 13 to the value of the corresponding data element of

12. Ah mpntictned earlier, such a constructor is called the copy constructor. We learned in

Chapter 4 that the process uf sharing the K£imu nanm by iw<j »r more Functions is referred to

as function overloading. Similarly, when more than one constructor function is defined in a

class, we say that the constructor is overloaded.

Copyrighted material



Cansfructors Qtvi Destructors -

Program 6.2 shows the use of overloaded constructors.

#151

OVERLOADED CONSTRUCTORS

I include *i est ream*

.

! >-
"

using namespace std;
•

;
'

class complex

[

float x, y\ -">Vi .!#>.

public:

conpl ex ()( ) // constructor no org

compl ex {float a) {x y » ajj // const ructor-one org

complex (float real* float fmag) // constructor- tiro orgs

(x - real i y - 1mag; ;

friend complex sun (complex, complex]

;

friend void showfcompl ex)

;

\i

complex sum (complex cl» complex c2) // friend

t

complex c3;

c3,x cl.x + d.x;
cl .> + t2.y;

return (c3) +,

I

void ihowicompIeK c) // friend

t

coot « c.x « + J
B « c,y « "\n

B
s

}

tnt ira1n{J

(

complex A(2.7, 3.5): // define i initialize

complex B(1.6)j // define J l»moIftt
complexCr //define ..^

- .

C - Slim (A. &)} // sum (7 ij o friend

cout showfA); // sftowft lis also friend

eout « "B - *; shOfr(B);

cout « "C - "i show(C);

// Another way to give initio I values (second method)

complex P,Q,ft; // define P* Q and ft

(Contit)
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P - con)pleKt2.5.3,9) ; // initialize P

0 = ciynplex(:L6 1 J? T S); // initialize Q

cout «' m
\n

cout « "P

cout « "Q

cout « *R

return [};

PROGRAM 6.2

The wtput. of Program 6 2 would be:

A - 2.7 + j3.5

B = 1.6+ jl.6

C - 4.3 + jS.l

P = 2.5 + J3 .9

(] - 1.6 + J2 .

5

R-4.lt j&.4

There are three constructors in the class complex The first constructor, which takes riu

arguments, is used to create objects which are not initialized; the second, which lake*

one argument, is used to create objects and initialize them; and the third, which takes

two arguments, is also used to create objects and initialize them to specific values. Note

^
that the second method of initializing values looks better.

Let us look at the first constructor again.

coTiiplejiOf }

It Contains the empty body ami docs rmt do n uything. We just stated that tbia is need to

create objects without any initial values. Remember, we have defined objects in the earlier

examples without using such a constructor. Why do we need this constructor now?. As
pointed out earlier, C++ compiler has an implicit constructor which creates objects, even

though it wah not define] in i.hw class.

This, works fine as long as we do not use any other constructors in the class. However,
once we define a constructor, we must also define the "do-nothing" implicit constructor.

This constructor will not do anything and is defined just to satisfy the compiler.
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6*5 Constructors with Default Arguments

• 153

It is possible to define constructors with default arguments. For example, the constructor

complex! ) can be declared as follows:

complex (float real, float imag-0);

The default value of the argument Itnag is zero. Then, the statement

complex C(5,Q);

assigns the value 5.0 to the real variable and 0.0 to imag i by default). However, the

statement

complex C(£ r 0.3 r 0);

aligns 2.0 to real and 3,0 to imag. The actual parameter, when specified, overrides the

default value. As painted out earlier, the missing arguments must be the trailing ones.

It is important to distinguish between the default constructor A::AO and the default

argument constructor A;iAlint = 0>. The default argument constructor can he called with

either/ one argument or no arguments. When called with no arguments, it becomes a default

constructor. When both these forms are used in a class, it causes ambiguity for a statement-

such as

A ai

The ambiguity is whether to 'call' A±iA() or A::A< inl = 01.

1 6,6 Dynamic Initialization of Objects

c 'l.i--. i i- ji . is : hii lw inituilixr.'d dynamically too. That is. to say. the initial value of an ohjfct

may be provide during run time. One advantage of dynamic initialization is that we can

provide various initialization formats, using overloaded constructors, This provides the

flexibility of using different format of data at run time depending upon the situation.

Consider the long term deposit schemes working in the commercial banks. The banks

provide different interest rates for different sdiemuri uh well an for different periods uf

investment, Program 6.3 illustrateshow to use the class variables for holding account details

and how to construct these variables at run time using dynamic initialization.
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// Principal amount

// Period of investment

II Interest rate

II Return value af amount

DYNAMIC INITIALIZATION DF CONSTRUCTORS

// Long-term fixed deposit system

^include ^lostreauv

using namespace std;

class Fined deposit

{

long Int P_amount;

Int Years;

float Rate;

float Rvalue:
public:

fixed_depositOf }

FlxedjJ&posltpong int p, int y, float fD.LZj;

Fixed_depos1t{long f n-t p. int y. Int r);

void display (void);

k
Flxeddeposit F1xed_depwsitUong i"t p f int y, float r)

{

P_amourtt = Pi

Years y;
ftate c r;

R value - P amounti

for(int i i <- yj

R_value » Rjralue * (1.0 t r)

;

]

Fiaed deposit

(

Fixed deposit (long tnt p, int y» int r)

P_aroount p:

Years y;

Rate * r;

R value - P amount;

I

for[1nt i-1; i<*y; 1*+}

Ft value - R value* (l.G+float{r)/100);

void FixedjJeposft display (void)

!

cout « *\n"

"Principal Amount - " « F"_amOunt « M
\n"

« "Return Value " « R_value « "\n";

)
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int main(J

{

Flxeddeposl t FC1. RJ2. FD3; // deposits created

long int pi // principal mount

Int

float

Int

y: // iffvesi/wflt period, years

II interest rote, decimal fom
II interest rate, percent form

cout « 'Enter amount, period,, Interest rate(>n percent) «"\n* -

t

cln » p » y » Ri

FBI -• Fi xeddepositfp.y.R)

;

cout « "Enter amount
,
peri od, inte rest rate(dec1roal form)" « "\n"j

cln » p » y »

n

FD2 - Fixed deposit (p,y,r); ...

cout « "Enter amount and period* *< "\n'i

drt » p » y:

FD3 - Fixed deposit (p.y);

cout « "VnDepesIt l'j

FDl.d1splay(J

j

cout <«; 'VnDeposit Z p
j

FPJ2.dlsplay()i

cout "^Deposit Vv
FD-3 .tai spl ay()

;

return Of, V

PflWJRAH 6,3

The output of Program 6.3 would be:

Enter amount. period .interest rate (in percent)

IMOOj 3 IB

Enter amount, period, interest rate(in decimal form)

100DQ 3 0.18

Enter amount and period

1C0D0 3

Deposit L

Principal Amount • 10000

Return Value - 16430.3
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Deposit 2

Principal Amount - 100Q0

Return Value 16430.3

Deposit 3

Principal Amount = 10DOO

Return Value - 1404-9.3

The program uses three overloaded constructor?. The parameter values to these

constructors are provided at run time. The user can provide input in one of the following

forme;

1 Amount, period and interest in decimal form,

2. Amount, period and interest in percent form.

3. Amount and period,

Since the constructors are overloaded with the appropriate parameters, the one that

matches the input valines is invoked. For example, the second constructor is invoked for

the forma ( 1 ) and (3> h
and the third is invoked for the form (2). Note that,, for form (3), the

constructor with default argument is used. Since input to the third parameter is missing,

it umm the default value for r.

We briefly mentioned about the copy constructor in Sec. 6.3, We used the copy constructor

integer (integer &i )

;

in Sec. G.4 as one of the overloaded constructors.

As stated earlier, a copy constructor is used to declare and initialize an object from another

object. For example, the statement

Integer- 12(11):

would define the object 12 and at the same time initialize it to the values of II. Another form

of this statement is

integer IZ II;

The process of initializing through a copy constructor is known as copy initialization.

Remember, the statement

12 - Il ?
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will not invoke the copy constructor, However, if II and 12 are objects* this statement is

legal and simply assigns the values of II to 12, memberby-member. This is the task of the

uvurloadtd mgaiynmerit operptor(=). We shall Bee more about this later.

A cony constructor takes a reference to an object ofthe same class as itself as an argument.
Let uft consider Ft simple example of constructing and using a copy constructor m shown in

Program 6.4.

cow Constructor

^include <i ostreair*

using namespace stdj

class code

(

int Id;

pub lies

code-(H 3

code tint a) { Id

code [code k x)

// constructor

a;} // constructor again

If copy constructor

id - jt + ldi // copy in the value

void display (void)

f

cout « Idi

\

}:

Int mainf)

{

code A(100); // object A is created and initialized

code 6(A) ; // copy constructor CO I Led

code C = A* // copy constructor wiled again

code D; // ff is created f not initialized

0 - A; // copy constructor not called

cout "\n id of A

tout « M
\n. id of B

cout « "\n Id of C

cout « "\n td of D

return 0;

•j A.d1sclay();
"j B .

d i sp i ayf >

;

C.dlsplayO;
CUdisplayO;

F'ROSRAH 6.4
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The output of frograjn 6.4 lb shown below

id of A; 100

id of 6: 100
Id of C: lflO

id of D : 100

note ^
A reference variable has been used as an argument to the copy constructor We cannot

pass the argument by value to a copy constructor,

When no copy constructor is defined, the compiler supplies its own copy constructor.

1 6.8 Dynamic Constructors

The constructors can also be used to allocate memory while creating objects. This will enable

the system to allocate the right amount of memory for each object when the objects are not

of {be name Bize> thus resulting in the saving ofmemory. Allocation ofmemory to objects at

the time of their construction is known as dynamic construction of objects. The memory is

alhicated with the help ofthe new operator. Program G.5 shows the use ofnew, in constructors

that are used to construct strings in objects.

CONSTRUCTORS WITH new

finclude <fo*trMnr*

I include <stHng>

using nanespace std;

class String

\

Char *na»e;

Iflt length:

public:

5tr1ng() // cvrrstrwtop-l

{

length » 0;

nane » new char[i er>gth + 1] i

}

String (char *s) // coastrtictor-2

{

length = strlen(s):

(Contd)
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name = r>ew charpength + 1] ;. // one additional

If character for \0

strcp-yfname. sj:

}

void 41 spiav (vou)
{cout « name « *\n"i)

void Jo1n(5tr1ng Ad, String Ah);

))

void String join (String 4a f String &b)

i

lEngth a. length + b. length;

delets name;

name * new char[length+l]
j // dynamic allocation

streps (name, a < name);

s treat (name + b.name);

1 n't mainfj

char "first - "Joseph

String namel (first)* name2("Louls "LnartieSrLagrange^Lsl.sZ;

sl.jolnfnamel, name? J

;

*2.Jo1n(sl, n«me3);

namel.displ ay{)

;

name2,d1splayO»

name3>d1splayO

;

si .dtspl ay0 s

s2»d1splayO;

return 0;

PROGRAM £.5

The output of Program 6.5 would be:

Joseph

Louts

Lagrange

Joseph Louis

Joseph Louis Lagrange

Copyrighted material



1 60* Object-Oriented. Programming with C+H

> n&t£

This Program uses two constructors. The first is an empty constructor that allows us to

declare an array of strings. The second constructor initializes the length of the string,

allocates necessary space for the string to be stored and creates the string itself. Note

that <a\p. additional character &pa« is allocated to held the Grtd-of-string character ' ^Q
1

,

v. y
The member function joint > concatenates two strings. It estimates the combined length

of the strings to be joined, allocates memory for the combined string and then creates the

same using the string functions strcpyt ) and strcatC ). Note that in the function juut( ).

length and name are members of the object that calls the function, while a.length and

a.name are members ofthe argument object a. The main I ) function program concatenates

three strings into one string. The output is as shown below;

Joseph Louis Lagrange

1 6.9 Constructing Two-dimensional Arrays

We can construct matrix variables using the class type objects. The example in Program 6.6

illustrates how to construct a matrix of size m x n.

CON STRUCT IMS MATRIX OBJECTS

/Include <i£Ktream>

using namespace std;
s

-

c'ass matrix

int **p; // pointer to matrix

int dl.d?; // dimensions

public:

rratrlx(int n
( tnt y) [

void get_elemer»t[int i, int j, Int value)

(p[i] [jl -value:}

int 1 put_elemest(int i, int j)

{return p[f
] fjl s

|

h
-natrix iratrixfint x, int y)

I

dl i KS

d2 • yj

p * new int *[dl]; // creates an array painter
for(int i (Jj i < dl;

(Contdt
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p[i] - new 1nt[d2]; // creates space for each row

J

Int main()

[

1 nt in, n;

cout « "Enter size of matrix: "j

cin w m n;

matrix A(m,n); //matrix object A constructed

cout « *Enter matrix elements row by row \n";

int i T j, **lue;

forfi - 0; i * m;

for(j - &| j < n:

|||
ctn » value;

A.getel ement (i , j , val ue)

;

I

tout « "\n";

cout *w A. put element(l,2)

;

return 0;

Th> i.-ul |>ut ol :i ^{i:ii|:-U- ruin nf Prof^rjim fi.6 .ih fuLluwN.

Enter size of matrix: 3 4

Enter matrix elements row by re™

11 IE 13 14

15 16 17 ia

19 20 21 22

PROGRAM 6,6

d2 columns

2 3

1?

17 ia the value of the

element f l t2) r

Pointer P[0].

Pointer P [1]

Pointer P [2]

Pointer PfJ]

The constructor first

creates A vector pointer to an

int of size dl. Then, it

allocates, iteratively an int

type vector ofsize d2 pointed
KreprBsa„ lE. lha a |ament P[2] p]

at by each element p[i|-

Thus, space for the elements ofa dl x d2 matrix ia allocated from free store as shown above.

d1 raws
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1 6. 10 const Objects

We may create and use constant objects using const keyword before object declaration. For

example, we may create X uh h constant object of the class, matrix as fallows:

const ni.tr- x, K(n.n)
; // object X is constant

Any attempt to modify the values ofm and n will generate compi It-time error. Further,

a constant object can call only const member functions, As we know., a const member is a

function prototype or function definitionwhere thekeyword const appears after the function's

signature,

Whenever const objects try to invoke non -const member functions, the compiler generates

errors.

1 6. 1

1

Destructors

A destructor, as the nama implies^ is urad to destroy the cthjectfi that have bean created by

a constructor. Like a constructor, the destructor 1b a member function whose name is the

same as the class name but is preceded by a tilde. For example, the destructor for the class

integer can be defined as shown below:

-1rtteger(){ }

A destructor never takes any argument nor does it return any value. It will be invoked

implicitly by the compiler upon exit from the program (or block or function as the case may
be) to clean up storage that is rn> Innger accessible. It in- a good practice to declare destructors

in a program since it releases memory space for future use,

Whenever new is used to allocate memory in the crrnMrucUsrH, we shimLd une delule to

free that memory. For example, the destructor for the matrix class discussed above may be

defined us fallows:

matrix -matri * {

)

(

for[1nt 1=&[ 1<dlj

delete pfi]j

delete p;

}

This is required because when the pointers to objects go out of scope, a destructor is not

called implicitly.

L
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The example beJow Illustrates that ib* destructor has been invoked implicitly by the
compiler.

IMPLEMENTATION OF DESTRUCTORS

^include "Mostreani 3-

using namespace std;

tlrt count = 0;

class Alpha

t

publ ic:

alphaf)

I

count++;

cout « *\nNo.of object created " <* count;

};

{

coot « "\nniQ.of object destroyed 11 « count;

count--;

]

1nt ma1n()

cout «=* M \nVnENT£R MATH\n*

j

alpha Al, A2. A3, fit;

\

cout « "\n\n ENTER BL0CKl\n"j

Alpha AS;

f

cout « ^n\nEMTEfi eLDC«\n*;

alpha AG;

)

coui « "VnVnfiE-ENTER MAlN\n";

return 0;

PROGRAM 6.7
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The output of a sample run of Program S.T is shown below:

ENTER MAIN

No. of object created 1

fto .of object created 2

Wa.of object created J

No .of object created 4

enter block i

No. of object created 5

No. of object destroyed 5

ENTER BLOCK?

Ncof object created 5

No, of object destroyed 5

RE-ENTER MAIN

No* of object destroyed 4

No. of object destroyed 3

No. of object destroyed Z

No. of object destroyed 1

Aa the objects are created and destroyed, they increase and decrease the count. Notice

that after the first group of objects is created, AS is created, and then destroyed. A6 is

created, and then destroyed. Finally, the rest of the objects are also destroyed. When the

clewing brace of a scope is encountered, the destructors fbr each object in the scope are

called- Note that the objects are destroyed in the reverse order of creation.

O C++ provides a special member function called the constructor which enables an object

to initialize itselfwhen it is created. This is known as automatic initialization ofobjects.

O A constructor has the same name as that of a class.

w Constructors are normally used to initialize variables and to allocate memory,

O Similar to normal functions, constructors may be overloaded.

n<rt€

SUMMARY
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When an object is created and initialized at the fame time, a copy constructor gets

called

We may make an object coziest if it does nut modify mly of its data values.

O C++ alacj provides another member function called the destructor that destroys the

objects when they are no longer required.

Key Terms

y automatic initialization

> Const

> Constructor

^ constructor overloading

y copy constructor

y copy initialization

^ default argument

> default constructor

> Delete

y Destructor

> dynamic construction

> dynamic initialisation

> explicit call

3* implicit call

y implicit constructor

y initialization

y new
y parameterized constructor

y reference

> ! mrl luirnd tnftSiod

> sL rt'ni i

y strcpyO

> trtrienO

y virtual

r
Review Questions

6.1 What is a constructor? Is it mandatory to use constructors in a class?

6.2 How do we invoke a constructor function f

6.3 List some of the special properties of the constructor function^.

6.4 What iv a parameterized constructor?

Can we have more than one constructors in a classf If yes, explain the need for

such a situation.

6.6 What do you mean by dynamic initialization of objects? Why etc: we need try du

this?

6.7 How is dynamic initialization ofobjects achieved?

6.5 Distinguish between the following two statements;

time Tiftlji

time T2 • Tl;

Ti and T2 are objects of time class.
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6.9 Describe the importance of destructors.

6-10 State whether the following statements are TRUE or FALSE.

(a) Constructors, Like other member functions, cun he declared anywhere in

the class.

(b) Constructors do not return, any valuex.

(c) A constructor that accept* no parameter ix known an the default constructor.

(d) A class should have at least one. constructor.

(*) Destructors never take any argument.

|
Debugging Exercises

6.1 Identify the error in the Foliowing program

tinclude <1 oat ream ,h>

eld as ftoom

\

1 nt length;

int width;

publ 1 c:

Room^i nt K int wD)

:

I

]

):

vend main{)

\

Room objRooml;

Room objRoomZdE. fl};

)

6.2 Identify the error in the following program.

^include <iostream.Ji>

class Room

t

int length:

int width;

public:
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Roon()

{

length - 0;

width • 0;

i

Room(int value=fl}

(

length * width - 8;

I

void diaplayf)

{

tout « length « 1 1 « width;

]

h

void main(J

I

Room objRnoml r

,

obJRcwnl, disp-lay (J

;

}

Identify the error in ths following program.

Include <1o*treanuh>

class Room

(

int width

[

1 nt height;

static Int CQpyCon-jCount;

puil ic:

void R&omO

<

width = \Zi

height * 8;

}

Ri>0m( Rooms' I*)

{

Width = iMridth;

height r. height;
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)

void JlspCefiyCanfiCouFitO

(

cout « copyC^Tis Count;

]

int Rqdip: i CDpyCansCount - 0;

tfoid main()

{

Room otgRaoml;

Room ohjRooniZ(objRoonil);

Room objRooni3 = bjROoml

;

Room objRaomA;

0J3jRocim4 = objRooiirt;

d bj Roaro4 , d i 5 p CopyCon &Cou.n t f J

;

6.4 Identify the error in the following program.

finclu.de <i ostream, h>

class Roon

(

int width;

int height ;

StSt S c int copyConsCount;

public:

RoomO

(

height = 8;

J

Room (Room& r)

{
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width r. width;

height = r, height;

ccpyConsCourit+*;

I

void disCopyConsCountO

t

cout copyCons Count

;

)

h

1nt Room ;;cflpyCons Ccunt = 0;

void mainO

I

Room objRooinl;

Room objRocm2 (objRooml)i

Room obj Room3 = obJRooml;

Room objRoantf;

objRQDn!4 ' objRooTi3j,

obj Room4 . di s pCopy Cons Count ( )

;

\

|
Programming Exercises

6. 1 Design conxtructum for the glasses designed in Programming Exercises 5. 1 through

5. 5 of Chapter 6.

6.2 Define a class Siring that could work an a lifter -defined string type. Include

constructors that will enable us to create an uninitialized string

String si; // string with length 0

and also to initialize an object with a string constant at the time of creation like

String s2(
H
Well done!

11

];

Include a function thai adds two strings to make a third string. Note that the

statement

s2

will be perfectly reasonable expression to copy one siring to another,

Write a completeprogram to test your ctam to see that it does the following tanks:

(a) Create* uninitialized string objects,

(b) Creates objects with String constants.
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(,c) Concatenates two strings properly.

i d i Displays a desired string object,

6.3 A book shop maintains the inventory of books that are being sold at the shop. The

list includes details such as author h title, pricv A publisher and \tvtk positron.

Whenever a customer wants a book, the sales person inputs the title and author

and the system search?* the {i$f ond displays whether if in nraifnble or not. If it is

not, an appropriate menage Of displayed. If it is,, then the system displays the

hook detail f> and request* fur the number ofcopiex required. Ifthe requested copied

are available, the total east of the requested copies is displayed; utherwitie the

message "Required copies not in stock" is displayed.

Design a system using a class called books with suitable member functions and
constructors, Ust new operator in constructors to allocate memory space required,

6.4 Improve the system design in Exercise 6.3 to incorporate the following features:

(a) The price ofthe books should be updated as and when required. Use a private

member function, to implement thin.

(b) The stock value of each book should he auinmo tically updated as soon as a

transaction is completed.

{c} The number uf successful and unsUCvexfiful tranaaetions should he recorded

for the purpose ofstatistical analysis. Use static data members to keep count

of transactions.

6.5 Modify the program ofExercise 6A to demonstrate the use ofpointers to access the

members.
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Operator Overloading and
Type Conversions

Key Concepts

Overloading

y Operator functions

y Overloading binary operators

y String manipulations

y Hume to t:]asK type

y Class to class type

y Operator avvrluuding

y Overloading binary operator*

y Using friends for overloading

y Type conversions

y Class kj ba«ic type

3^ OvurtuudinH rulttH

.1 Introduction

Operator overloading is one of the many
rxuLinu I'.;: Lures of C++ language. U is an
important technique that has enhanced the

power of extensibility of C++. We have

stated more than once that C++ tries

to make the user-defined data types behave
in much the Euime way an the built-in types.

For instance, C++ permits us to add
two variables of user-defined types with, the

same syntax that is applied to the

basic types. This: meana that C++ has the

ability to provide the operators with a

special meaning for a data type. The
mechanism ofgiving such special meanings
to an operator is known as operator

overloading.

Operator overloading provides a flexible

Option fur the creation of new definitions

fur most of the C++ operators. Wh dan
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almost create a new language of our own by the creative use of the function and operator

overloading techniques. Wo can overload (give additional meaning to) all the C++ operators

except the following:

• Class member access operators .*).

• Scope resolution operator (::),

• Size operator (sizeof).

• Conditional operator (?;},

The excluded operators are vary few when compared to the large number of operators

which qualify for the operator overloading definition.

Although the semantic* of an operator can be extended, we cannot change its syntax, the

grammatical rules that govern its use such as the number of operands, precedence and

associativity. For example, the multiplication operator will enjoy higher precedence than

the addition operator. Remember, whan an operator is overloaded, its original meaning is

not IuhL. For instance, the operator +, which has been Overloaded to add two vectors, can still

be used to add two integers.

1 7»2 Defining Operator Overloading

To define an additional task to an operator, we must specify what it means in relation to the

class to which the operator is applied. This is done with the help of a special function, culled

operator function, which describes the task. The general f»rm of an operator function is;

return type cla&saame operator op( a rglisU

(

Function body J/ task defined

J

where return type is the type of value returned by the specified operation and op is the

operator being overloaded. The op is preceded by the keyword operator operator ftp is

the function name.

Operator functions must be either member functions (non-static) nr friend functions. A
basic difference between theni is that a friend function will have only one argument for

unary operators and two for binary operators^ while a member function has no arguments

for unary operators- and <mly mm far binary operators. This is because the object used to

invoke the member function is passed implicitly and therefore is available for the member
function. Thin is not the case with friend functions, Arguments may be passed either by

value or by reference, Operator functions are declared in th« clafin using prototypes as

["oILowh:
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vector Oper-atOr+fvector)

;

vector operator-(l"i

friend vector op e rate r+f vector. vector)

;

friend vector Op$rfltOr-(>iE?ctor};

vector operator-(vettor ia)j

int operator-- (vector]

;

friend imt operator* (vector sector)

// vector addition

H unary minus

// uectdr orfrfitioft

// cofflpcH j off

// comparison

vector it a data typti of cLufiK and may represent bnth magnitude and direction (as in

physics and engineering) or a aeries of points called elements (as in mathematics^

1 . Create a data that defi nes the data type that w to be used in the overloading operaion.

2. Declare the operator function operator opt.) in the public part of the class.

It may be either e member function or a friend function.

3. Defmp the operator function to implement the required operations.

Overloaded operator functions can be invoked by expressions 3uch as

op x. or x op

for unary operators and

for binary operators, up x (or x op) would be interpreted as

operator op (x)

for friend functions. Similarly, the expression * op y would be interpreted hk either

x* opera tor op (y)

operator op (x,y)

in case of friend functions. When both the forms are declared, standard argument matching
is applied to resolve any ambiguity.

Let us consider the unary minus operator. A minus operator when used as a unary, takes

just one operandr We know that this operator changes the sign of an operand when applied

to & basic data item. We will Bee here how to overload this operator ho that it can be applied

The process of overloading involves the following steps:

x op y

in case of member functions, or

7,3 Overloading Unary Operators
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to an object in much the same way as is applied to an int or float variable. The unary minus
when applied to- an object sbould change the sign of each of its data items.

Program 7. 1 shows how the unary minus operator is Hverkxaded.

OVERLOADING UNARY MINUS

include <iostream>

using namespace std;

class space

{

tot x;

int Jfi

int z;

publ ic:

void <jetdata(int a, int b, int c)^

void display(void)

i

void opera.tor-0
; // overload unary minus

):

vaid space :: getdatafint a, int b
p

int c)

{

X a;

y * b;

z c:

)

void space \
- display (void')

(

cout « X « "
*J

COUt > « ' "
;

cout z « "\n";

\

void %pictt : : operator- (}

(

x -x;

y
n -y;

Z = -II

}

int main() i

•

{

space S;

5,getdataflQ. -20. 30);

fContd)
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cout « "S :

S,tH splay ();

S; // activates, operator- f) function

cout « tt

S i

Srdisplay{)

;

return 0;

PROGRAM 7.1

The Program 7.1 produces the following output:

S : 10 -20 30

S : -10 20 -30

Tht! iunrtion operator - i ) takes no argument. Then, what does this operator function do?. It

changes the sign of data members of the object S, Since this function is a member function

ofthe same class, it can directly acGtBaj the members of the object which activated it.

v J
Remember, a statement like

S2 - -SI;

will not work because, the function operator-Q does not return any value. It can work if

the function is modified to return an object.

It lh possible to overload a unary minus operator using a friend function as, follows;

friend void operator- (jpace

void ope ralor-{space fis)

!

s«y = -s.y;

s*z = -s.z;

}

// declaration

// definition

Notti that the argument is passed by reference. It will not work ifwe pass argument
by value- because unly a copy uf the object that activated the call is passed to 0peratOr-().

Therefore, the changes, made ineide the operator function will not reflect in the
called object.
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We have just seen how to overload an unary operator. The same mechanism can be used to

overload a binary operator. In Chapter &, we illustrated, how to add two complex numbers
using a friend function. A statement like

C * sum[A t Bj
j // functional notation.

was used. The functional notation can be replaced by a natural looking expression

C = A + 6; // arithmetic notation

by overloading the + operator using an operator-H) function. The Program7.2 illustrates

how this is accomplished.

OVERLOADING * OPEftAFOA

^include <iostream>

using namespace std

t

class complex

I

float *i

float y;

publ ic:

complex (float real, float Imag)

( x * real i y * imag
; }

complex operator* f complex J

;

void display (void);

);

cmnpleK ccmples :: ope ra to r+{ complex c)

I

// real part

If tmginory part

// constructor J

// constructor 2

complex temp;

temp.x = n + C.x.'r

temp.y = y + C.y;

return (temp)

;

// temporary

jf these are

ff float additions

void complex di spl ayfvoi d)

cout « x « ' + y « y « w\n
m
;

(Conidt
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1 n t mamO

complex Cl p C2, C3;

CI - cofflptex(2.5. 3.5);

// invokes constructor 1

if invokes constructor 2

C2 complex (1.6, 2.7);

C3 = CI + C2;

cout « *Cl -
m
; Cl.dlspl AyO;

cout « *C2 * C2.d1spUy();

cout « "C3 * m
\ C3.d1spUyO;

return 0;

Let us have a close look at the function operator* ( ) and sec how the operator overloading

is implemented.

complex complex operator* (complex c)

We should note the following features of this function:

1. It receives only one complex type argument explicitly,

2. Il rsturiiH a complex type value.

3. It is a member function of complex.

The function is expected to add two complex values and return a complex value as the

result but receives only one value as argument. Where does the other value come from?

Now let us look at the statement that invokes this function:

C3 CI + CZj // invokes opera tor* () function

MtQGMM 7.2

The output of Program 7,2 would be:

CI = 2.5 + J3 + 5

C2 - 1.6 + J2 T ?

C3 - 4.1 + J6 + Z

complex tempi

temp,x = x + c<x;

temp.y - y + c>;
return (temp)

i
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We know that a member function can be invoked only by an object of the same class.

Here, the object CI takes the responsibility ofinvoking the function and C2 plays the role of

an argument that is passed to the function, The above invocation statement is equivalent

to

C3 - Cl.operator+{C2); // usual function call syntax

Therefore, in the ©perator+O function the data members of Cl are accessed directly

and the data members of CZ flhat is passed as an arjnimenU are accessed usin^r the dot

operator. Thus, both tht'ohjects ar« hvh il able for the Function. F«r«!xrLnipJe, in the statement

teirp.x x + ex;

c+x refers to the object C2 and x refers to the object Cl* temp+x is the real part oftemp that

has been created specially to hold I he results of addition of Cl <md C2. The function letums
the complex lertip Ll> in\ assigned to C3. Figure 7,1 shows hnw this is ini|>U«mrnl<'d.

As a rule, in overloading of binary uperaLors, the Wfl-hand operand is used to irtvukt' the

operator function and thv. right- hnnd operand is passed as an argument.

temp

a
-

&2D

return

compte* operator + (compls* c)

!

ttunplai tamp

;

terrpjc =

r. y

C2;

4.10 x

S.20 y

2hU r

a.SQ y

160 *

2.70 1

Fig. 7.1 « Itrtpfcinertl\ili(iii of the averladcd + crpcrnhyr '.
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We can avoid the creation ofthe temp object by replacing the entire function body by the

following statement:

return compl ex ( (x*c .x)
,
[y+c.y) > ; // invokes constructor 2

What dues it ineun whtu we u**> u ciu>M iiunic *viui uji arjjuaiLiii l^i? \\ hen the compiler

come? across a statement like this, it invokes an appropriate constructor, initializes an
object with no name and returns the contents for copying into an object, Such an object is

called a temporary object and gues out of space an noon as the contents arc assigned to

another object. Using temporary objects can make the code shorter, more efficient and better

to read.

1 7. 5 Overloading Binary Operator?* Using Friends

As stated earlier* friend function:* may Im- lw-u
1

in the place of member functions for

overloading a binary operator, the only differena I n n that a friend function requires two

arguments to be explicitly passed to it, while a member function requires only one,

The complex number program disciused in the previous section can be modified using a

friend operator function as follows:

1. Replace the member function declaration by the friend function declaration,

friend complex operator* (eomp lex. complex);

2, Redefine the operator function as follows:

complex operator (complex a. complex h}

return complex({a.x+b.x) , (a<y+b<y)h

I

In this case, the statement

C3 - CI CZi

is equivalent to

C3 - operator* (CI, C2);

In raost caHen, we will get the same results by the uee of either a friend function or a

member function. Why then an alternative in made available? There are certain situatiun.s

where wc would like to use a friend function rather than a member function. For instance,

consider a situation where we need to use two different types of operands for a binary

operator, say. one an object and another a built-in type data as shown below,

A - B + Zi (or A * B * 2j)
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where A and B are objects of the same class. This will work for a member function but the

statement

A - 2 * B; for A Z * B)

wiD not work. This is because the left-hand operand which ia responsible for invoking the

member function should be an object of the same class. However friend function allows

both approaches. How?

It may be recalled that an object need not be used to invoke a friend function but can be

passed as an argument. Thus, we can use a friend function with a bui Lt-in type date as the

left-hand operand and an object as the right-hand operand. Program 7.3 illustrates this,

using scalar multiplication of a vector. It also shows how to overload the input and output

operators» and «,

OVERLOADING OPERATORS USING FRIENDS

^include *iostream. h>

const Sii* = 3;

class vector

int. v[size]

;

publics

vector()[ // constructs null vector

vertorfint //constructs vector from array

friend vector operator *(int a. vector h);
£: jfijf

' fr ientt 1.';.:

friend vector operator * (vector fc, int a); // friend 2
friend istream & operator =» {istreair & vector 6};

friend ostream & operator « (ostream &, vector &};

};

vector :z v actor f)

{

ror{int 1=0; i<*ize; t++)

v[1] - 0;

vector vector{1nt *x}

{

for(inE 1=0; 1<« i 2e; 1+«-)

v[i] - Jt[i]i
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vector operator *(int a + vector bj

t

vector c;

for(int 1-0; i * size: i ++ )

c.v[i] - a * b.v[1]i

return c\

vector operator "(vector h T int a)

vector c;

for(int 1*0; i*sizej

c.¥[1] - b.v[1] * 4S

return c;

f

i stream S operator » (i stream Sdin» vector 6b)

{

fcr(int 1=0; 1<s1;e;

din » b.v[1]$

return (tf in);

1

ostream %. operator « (ostream Ad out, vector fib)

I

dout « "f" « h + v [0]

;

for (int 1-1; l*s1ze; 1+*)

dout « ", " « b,v[i];

dout « ")";

return{dout};

}

int xfctze] - (2,4,6];'

int mainj)

(

vector m; // invokes constructor 1

vector n = x; // invokes constructor 2

cout « "Enter elements of vector m « "\n":

cin » m; // iriitftej Qp£rQtor»0 function

iContdi
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cout « "m » " « m "\nm
: // invokes operator «()

vector p t d;

p * 2 * m:
r f invokes friend 1

q = n * 2; // invokes friend 2

cout «
cout « N

p - " « p « "\n"i // iflw*es operator«0
cout « "q *

H « q « "Vn";

return Oj

PROGRAM 7.1

Shown below is the output yf Program 7.3;

Enter elements of vector n

5 10 15

m » (5, 10, 15)

p * (10. 20, 30)

q = f4, A> 12)

The program overloads the operator <! two times, thus overloading the operator function

operator^ ) itself. In both the cases, the functions are explicitly pansed two wrgummnts and
they are invoked like any other overloaded funct ion, based on the types of its arguments.
This enables us to use both the forms of scalar multiplication surh s.s

p £ * m; // equivalent to p operator* (2, m);

q n • 2 j // equivalent to (j operator*(n,2)

;

The program and its output are largely self-explanatory. The first constructor

vector()i

constructs a vector whose elements are all zero. Thus

vector m;

creates a vector m and initializes all its elements to 0. The second constructor

vector{int &x);

creates a vector and copies the elements pointed to by the pointer argument x into it.

Therefore,, the statements

a*
r
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int *[3] = [2, 4, 6};

vector n = k;

create n as a vector with components 2, 4, and 6.

r
We have used vector variables like m and n in input and output statements just like

simple variables. This has been mad? possible by overloading the operators •» and «
using the functions:

friend 1 stream & operator»{i stream I, vector 4);

friend ostream i operator«(ostreaiTi &. vector

istream and ostream are classes defined in the io&tream.h file which has been included

in the program.

1 7,6 Manipulation of Strings I'sLng Operators

ANSI C implements strings using character arruys, pointers and string functions. There

are no operators for manipulating the strings. One of the main drawbacks of string

manipulations in C is that whenever a string is to be copied, the programmer must first

determine its length and allocate the required amount ofmemory.

Although thetje limitations exist, in (.144 as well, it permits us to create ourown definitions

of operators that can be used to manipulate the strings very much similar to the decimal

numbers. (Recently, ANSI C++ committee has added a new class called string to the C+4
class library thai supports all kinds of string manipulations. String manipulations using

the string class are discussed in Chapter 15.

For example, we shall be able to use statements like

string^ - strlngi + string?,

iffstringl > strino/2) string « stringi;

Strings can be defined as class objects which can be then manipulated like the built-in

types. Since the strings vary greatly in siie, we use new to allocate memory For each string

and a pointer variable to point to the string array. Thus we must create string objects that
can hold these two pieces of information, namely, length and location which are necessary

for string manipulations. A typical string class will look as follows:

class string

char *p; // pointer to string

Copy righted m ateri al
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i nt len;

public:
// length of string

// member functions

//to initialize ortd

// manipulate strings

We shall wngider an example to illustrate the Application of overloaded operators to

strings. The example shown in Program 7.4 overloads two operators, + and <= just to show
how they are implemented. This can be extended to cover other operators as well.

MATHEMATICAL OPERATIONS ON Si RINGS

^include *string.h>

^include -siDstre-auLh*

c'. ass string

ehar *p;

int leu;

Mc:

string^) (len = 0; p 0;|

str1ng(cGnst char * s);

str1ng{const string & sk
- str1ng(3 {delete p;}

// create null string

// creatt String from arrays

// copy constructor

// destructor

// + operator

friend strlny operator+( const String is. const string ht)\

!/ <- operator

friend int operator*-{const string Is* const string it);

friend vend Show(cdn&t string s):

);

string str1ng(const char *s)

1 El
len = strlenfs);

p new char [len+1]

;

strcpy{p.s);

I

string strtngfeonst string & s)

(

len - s.len;

p = new charl len+1]

;

(Contd)
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strcpyfp.s.p);

\

If overloading + operator

string operator* (const string is. const string It)

string temp;

temp . 1 en m -s.len + t.leni

temp r p - new char [temp Jen+1]

:

strcpy(temp,p,s.p);

streat{tettip*p,t.p);

ret urtii| temp);

// overloading *- operator

int operator** (const string &s, const string AtJ

{

Int n - $trten(s h p)

;

Int n = strlen(t.p)

:

1 f (m n) returnO)

;

else return {0)

;

void 5how(const string sj-

cwt « s«p;

nt ma- n()

String si * "New ":

string s2 - ""York"

;

string s3 - "Delhi*;

string tl,t2,t3;

tl = Hi
tZ « s2;

t3 = il+s3i

cout «; H \ntl - stow(tl); v.- -.'
-

cout « n \nt2 * "j shmjtZh
cout « "\n'-

t

cout « "\nt3 - stiow(t3h

CO'Jt « "Vn\n";

Copyrighted material



166» Object 'Oriented Progi'ajnmiWi \in-'

ifftl <- t3>

el se

&ho*(t3h
cout « " smaller than

show(tl);

tout « m\n*i

COut « " 5ma

show{t3);

return 0;

PROGRAM 7

A

The following is the output of Program 7.4

tl - New

tZ York

t3 = New Delhi

New smaller than New Delhi

I?,?
Rules for Overloading Operators

Although it Looks simple to redefine the operators, there are certain restrictions and
limitations in overloading them. Some of them are listed below:

1. Only existing operators can be overloaded. New operators cannot be created.

2. The overloaded operator must have at least one operand that is of user-defined

type-

3. We cannot change the basic meaning (if an operator. That is to eay n we cannot

redefine the plus(+) operator to subtract one value from the other.

4 . Overloaded Operators follow the &ynta* rules of the Original uperutOrH . They cannot

be overridden

.

5. There are some operators that cannot he overloaded. (Sec Table 7.1 >

& We cannot use friend functions to overload certain rvp^i ^tor.-. (See Table- 7.2.) How-
ever, member junctions can be used to overload them.
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7, Unary operators, overloaded by menna of a member function^ take no explicit argu-

ments and return no explicit values, but, those overloaded by means of a friend

function, take one reference argument (the object of the relevant class).

8, Binary operators overloaded through a member function take one explicit argu-

ment and those which are overloaded through a friend function take two explicit

arguments.

9, When using binary operators overloaded through a member function, the left hand
operand must be an object of the relevant class.

10. Binary arithmetic operators such as -„ *„ and / must explicitly return a value.

They must not attempt to change their own arguments-

Table 7+1 Operators that cannot be overloaded

SizEof

—

?;

Size of operator

MrrrbtTship operatur
[

Pointer-to-meniber operator

Scope resolution operator

Conditional operator

Table 7.2 Where a friend cannot be used

( )

[]
->

Assignment operator L

Function call operator

Subscripting operator i

Class member access operator i

|t.8 Type Conversions

We know that when constants and variables of different types are mixed in an expression,

C applies automatic type conversion to the operands as per certain rules. Similarly, an
assignment operation also causes the automatic type conversion, The type of data to the

right ofan assignment operator is automat ically ronvcrted to the type ofthe variable on the

left. For example, the statements

int n
float x - 3.14159;

II = x;

convert x toan integer before its value is assigned tom. Thus, the fractional part is truncated

.

The type- conversions an* automatic as long an the data types involved are built-in types.

What happL-UH when they are user-defined data types?

Copy righted m ateri al
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Consider the following statement that adds two objects and then assigns the result to a

third object.

v3 = vl + v2; // vl, v2 and v3 ore class type objects

When the objects are of the same class type, the operations of addition and assignment

are carried out smoothly and the compiler does not make any complaints. We have seen, in

the case of class objects, that the values of all the data members of the right-hand object are

simply copied into the corresponding members of the object on the left-hand. What if one of

the operands is an object and the other is a built-in type variable? Or, what ifthey belong to

twv different classes?

Since the uRer-rififihed data types arp dfis-igntni by us in .suit our requirements, the compiler

does Hot support automatic type conversions for such data types, We must, therefore, design

the conversion routines by ourselves, if such operations are required.

Three types of situations might arise in the data conversion between uncompatible types:

1 , Conversion from basic type to class type.

2 , Conversion from class type to basic type.

3, Conversion from one class type to another class type.

We shall discuss all the three cases in detsil.

Basic to Class Type

The conversion from basic typo to class type is easy to accomplish. It may be recalled that

tluf use of constructors was illustrated in a number of examples to initialize objects. For

example, a constructor was used to build a vector object from an int type array, Similarly,,

we used another constructor to build a string type object from a char* type variable. These

are all example-* where constructors perform a defacto type conversion from the argument's

type ttJ the constructor's class type-

Consider the following constructor:

string :; stringfehar *a)

(

length = strlen{a)

;

P - new char[length+l]

5

strcpy{P,aJ;

}

This constructor builds a string type object from a char* type variable a. The variables

Length and p are data members of the class string. Once this constructor has been defined

Copyrighted material



*

Operator Overloading a nd Type Con Lreracuns #189

in the string clag^ it can be used for conversion from char* type to string type. Example:

string si, s2;

char* namel - "IBH PC
H

;

char* name? = 'Apple Computer?
h

;

k] = string (nrtrpl)

;

s2 = name?:

The statement

si stri ng(namel)

j

first converts namel from char* type to string type and then assigns the string type

values to the object si. The statement

iZ = name2;

also does the same job by invoking the constructor implicitly.

Let us consider another example of converting an int type to a class type,

class time

{

1nt hrs;

int ml

publ ic:

tirrt(irit t) // constructor

{

hours t/60; // t in minutes

mins = tV60;

}

k

The following conversion statements can be used in a function:

time Tli // object Tl created

Int duration = 85;

Tl duration; // int to class type

After this conversion, the hrs member ofTl will contain a value of 1 and mtns member
a value of 25, denoting 1 hours and 25 minutes,

Copyrighted material
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^ ttOt& V

I The constructors used for the type conversion take a single argument whose type is to be

1 converted. J

In both the examples. (ho left-hand operand of = operator is always a vimns ^bjecL

Therefore, we can aleo accomplish this conversion using an overloaded = operator.

Class to Bask Type

The constructor* did a finejoh in type convention from a basic: to class type, What about the

convention from a class to basic typo?Thu constructor functions do not support this operation.

Luckily. C++ allows us to define an overloaded costing operator that could be used to convert

a class type data to a basic type. The general Ibrni ofan oxerloadod casting operator function,

usually referred to as a conversion function, i-:

operator type^aneO

<

..... (Function statetnents)

j

l \

This function convert*; a class type data to typvtiarne . Forexsimple> the operator doubled
converts a class object to type double, the operator into converts a class type object to

type int, and so on.

Cousider the following conversion function:

v«ctor :: operator doublet)

I

double sum 0;

for {int 1=0: i<&i?e; i++)

sum = Sum + v[i] * w[i];

return sqrt(sum);

}

This function converts a vector to the torre*ponding scalar magnitude. Recall that the

magnitude ofa vector is given by the square root ofthe sum of the squares of its components.

The operator double 0 can be used as follows:

double length = double(vi);

c f

double length VI;
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where VI is an object of type vector. Both the statements have exactly the same effect.

When the compiler encounters a statement that requires the conversion ofa class type to a

basic type, it quietly calls the casting operator function to do the jab.

Tin- c/irii Lngj i»[m.< i-Atcij- function should satisfy the following corwSttionR-

It must be a class member.
It must not specify a return type.

m ft must ant have any arguments.

Since it is a member function, it is invoked by the object and, therefore, the values used

for conversion inside the function belong to the- object that invoked the function. This means
'.hat the function dous nut nettd an iirfrumimt.

In the string example described in the previous section, we rap dn the conversion from

string to char* as fnltows;

string :: operator chdr*()

{

return{p)

;

\

One Class to Another * lass Type

We have just seen data conversion techniques from a basic to class type and a class to basic

type. But there are situations where; we would like to convert one class type data to another

class type.

Example:

objX = obj\; // objects of different types

objX is an object of class X and objY is an object of class Y. The cl&«* Y type data Ls

converted to the classy X type data and the converted value is assigned to the objX, Since

the conversion takes place from class Y to class X, Y is known as the source class and X la

known as the destination class.

Such conversions between objects of different closaes can be carried out by either a

constructor or a conversion function, The compiler treats them the ?amo way. Then, how do

w« <lfH:id« which farm Uj use? It depends upon where we want the type-conversion function

to bu Located io the .<ourc^ closes or in the 1 destination class-

We know that the casting operator function

operator typenaiwO
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convert* the class object ofwhich it is a member to typename. The typename may be a built-

in type or a user-defined one (another -class type). In the case of conversions between objects,

typename refers to the destination class, Therefore, when a class needs to be converted, a

casting operator function can be used (i.e. source class). The conversion takes place in the

source class and the result is given to the destination class object.

Now consider a single-argument constructor function which nerves un an instruction fur

converting the argument's type, to the class type of which it is a member. This implies that

theargument belongs to the source class and is passed to the destination class for conversion.

This makes it necessary that the conversion constructor be placed in the destination class,

Figure 7.2 illustrates these two approaches.

—^ ottj* objy a y U a tmjft* cum

f

(Mr
casting oparalar

convened value of function

typsX Conversion hers

Isouncs class)

CM* X Clan* Y

Constructor dais access

ftinflipn argument of functions

Conversion hare typeY

(dastinabon class)

Fig, 7.2 o Conversion between object 1

Table 7.3 provides a summary of all the three conversions, It shows that the conversion

from a class to any other type (or any other class) should make usu of a casting operator in

the source class. On the other hand, to perform the conversion from any other type/class to

a class type, a constructor should be used in the destination class.

Tab!? 7.3 Type conversions

Comentwn required
1

Contortion takes plate in

Source cIom Pe$tittation etas*

BabLC class Not applicable Constructor

Class 4 basic Casting operator Not applicable

Class -> class Casting operator Constructor

When a conversion using a constructor is performed in the destination class, we must be
able to aeeeKJ-5 the data members of the object sent (by the source class) as an argument.

Since data members of the source class are private, we must use special access functions in

the source class to facilitate its data flow to the destination class

.
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A Data Conversion Example

Let LlS consider art Sximpitf of an inventory of products in store- One way of retarding the

details of the products is to record their code number, total items in the stock and the cost of

each item. Another approach is to just specify the item code and the value of the Item in the

stock. The example shown in Program 7.5 uses two classes and shows how to convert data of

one type to another.

DATA CONVERSIONS

finclude <iostrea7n>

using namespace stdi

class i nverit2 // destination class declared

class invent 1 // source class

I

Int code; // item code

irtt items; // no. of items

float price; // cost of each it«HT

puhl ic:

irwentl(1nt *, int b, float c)

code = a;

items = b;

price c;

void putddtdO

cout « 'Code: " « code « u
Vn

T

;

cout < tf "ttens; " « items « "\n";

cout *<• "Value: " « price <* "\n*;

}

int getCodeO {return code;!'

int geti terns () (return items;}

f 1 oat g,etpr1ce(J (return price;;

operator f 1 oat { ) \ ret u v-n { i terns * prfce);}

/* operator inveritZf} // inveatl to invent?

{

invent? temp;

temp.codE code; *

temp .value prfce * items;

return temp;

) V
); // End of source class

fCWAi
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class invent? // destination class

i

int code;,

float valiisf

publ ic:

invent2[)

(

code * 0; value * 0;

\

invent2(int x, float y) // constructor for

// xn i t ial i/at ion

{

code = x;

value = y;

}

void putdataO

cout « "Code: " code « *\n"s

cout "value: " value <* "\n\n";

}

inventZ(i nventl p) // constructor for conversion

code r p
.
getc&de{ )

:

value -p.getiteiPsQ * p.getpricef};

I

)\ If Znd of destination tlo$$

int mainf)

\

Invent! sitl00 t 5, 14Q,0);

invent? dl;

float total^val ue;

/* invent! To float */

total _value si;

/* inventl To invent? */

dl = slj

cout « "Product details - inventl type" << N \n*;

si. putdataO;

cout « "\nStock value" « n
\n";

cout « "Value • " « total _value « "\n\n";

cout « "Product details-invent? t*pe" « 'Vn M
;

dl.putdataf);

return 5;

PROGRAM 7.5
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Following is the output ofProgram 7,5;

Product detai H-i nventl type

Code: ICO

[terns: 5

Valum 140

Stock value

Value - 700

Product detii 1 s-invent2 type

Code: 100

Value: 700

We have used the conversion function

operator floatf )

in the class invent1 to convert the invent 1 type data to a flout, The constructor

invent? ft nventl)

is used in the class invent2 to convert the invent 1 type data to the invent2 type data.

Remember that we can also use the casting operator function

operator invent 2{)

in the class inventl to convert invent! type to invents type. However, it is important

that we do not use both the constructor and the casting operator for the same type

conversion, since this introduces an ambiguity as to how the conversion should be

performed.

<v Operator overloading is one of the important features of C+ ^ Language, It is called

compile time polymorphism.

Using overloading feature we can add two user defined data types such as objects, with

the same sjntai, just eh basic data typCS,

O We can overload almost all the C++ Operators except the following:

class member access operators^ .*)

• scope resolution operator (::)

note

J

SUMMARY
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* size operatorfsizeof)

» conditional operator(7:)

O Operator overloading is done with the help ofa special function, called operator function,

which describes the special task to an operator.

There are certain restrictions; and limitations in overloading operators. Operator

functions must either be member functions (non-static) or friend functions. The
overloading operator must have at least one operand that is of user-defined type

Cv The compiler does not support automatic type conversions for the user defined data

types. We can use casting operator functions to achieve this.

The casting operator function should satisfy the following conditions:

It muflt he a class member.

* U must not sjwcily a return type.

* It must not have any arguments.

Key Terms

y arithmetic notation

y binary operators

y casting

y casting operator

> constructor

y conversion (unction

y destination class

> Mend
y friend function

y functional notation

y manipulating strings

y operator

V operator function

y operator overloading

y scalar multiplication

y Rem antics

y sizeof

y source class

y syntax

y temporary object

y type conversion

y unary Operators

Review Questions

7.1 What is operator overloading?

7.2 Why is it necessary to overload art operator?

7.3 What is an operator function? Describe the syntax ofan operator function.

7.4 How many arguments are required in the definition of an overloaded unary
operator?
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7.5 A class alpha has a constructor as follows:

alpha(int a, double b);

Can we use this constructor to convert types?

7.6 What is a conversion function Horn is U created Explain its syntax.

7.7 A friend function cannot be used to overload the assignment operator =. Explain

why?

7.8 When is a friend function compulsory? Give an example.

7-9 Wp haw two clause*Xand Y. Ifa in on object ofX and a in an object ofY and we

want to say a = b; What type of conversion routine should be used and where?

7.10 State whether the following statements are TRUE or FALSE.

(a) Using the operator overloading concept, we can change the meaning of an
operator.

(b) Operator overloading works when applied to class objects only,

ft) Friend functions cannot be used to overload operators.

(d.) When using an overloaded binary operator, the left operand is implicitly

passed to the member function,

v ) The overloaded operator must have at least one operand that is user-defined

type.

(fj Operator functions never return a value.

tg) Through operator overloading, a class type data can be converted to a basic

type data.

( h ) A constructor can be used to convert a basic type to a class type data.

|
Debugging Exercises

7.1 Identify the error in the following program.

include <iostream r h>

class Spac«

\

int mCount;

publ ft:

SpAeeO

(

mCount = 0;

}

Space operator ++()

{

mCount ,t-+;
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return Space{fflCount)

»

}

h

void malnO

{

Space ohJ Space;

}

7.2 Identify the errer in the following program.

{include <io*tr«*fn,h>

enum Weekdays

{

mSunday.

mluesday,

mWednesday.

TnThursday
p

inFnday„

inSaturday

}:

boal ap-=(WeeJs.Days;i!i wl. WeekDayiS w2J

{

1ffwl== mSunday &k */2 = « iflSimday}

return 1;

else tffwl— mSunday W " mSyndey)

return 1;

it&e if(wl« mSunday k& tfZ ** mSunday)

return lj

else if fwl** mSunday && w2 * mSunday)

return 1;

else if fwl-* mSunday fi& w2 mSunday)

return 1

;

else if (wl T ~ nSjrday && w? » mSunday)

return 1;

else iffwl" mSurtday && w2 nrSunday)

return 1^

else

return Oi
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!

void main£)

<

Week Days wl = mSunday, w2 - mSunday;

If(wl-wZ)

cout « •Sane day";

else

cout « 'Different day";

I

7.3 Identify the error la the following program.

^include <i est ream. h>

class Room

{

float mWidth;

float mLentjth;

public:

Room (J

Roomffloat w + float h)

:(TWi dth{w)
, mlengthfh)

operator fluat()

return (float)«Wldth * nLength;

float getWidth()

float getLengthO

return mlength;

f;

void mainO
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RCOm objRoOml (2,5, 2,5);

float fTa-tal Area;

fTotalArea (jhjfiDnml;

cout << fTotalArea

;

NOTE: For all the exercises that follow,

code.

build a demonstration program to test your

Point {r, a)

7-1 Create a class FLOAT thai contains one

float daiu member. Overload all the four

arithmetic operators so that they operate

an the objects of FLOAT
7.2 Design a class Polar which describes a

point in theplane usingpolar coordinates

radius and angle. A point in polar

coordinates is shown in Fig. 7.3.

Use the overloaded + operator to add two

objects of Polar.

Note that we cannot add polar values af

two points directly. This requires first the

conversion of points into rectangular co-

ordinates, then adding the corresponding

rectangular co-ordinates and finally

converting the result back into polar co-ordinates. You need to use the following

trigonometric formulae:

* = r * cos(a);

y r * sin(a);

4 = Uan(y/x); // in UngSnt
r - $qrt{x*x + y*>);

7.3 Creat? a class MAT of size m x n. Define all passible matrix operations for MAT
type objects.

7.4 Define a class String. Use overloaded = operator to comptire two strings.

7.5 Define twft clusseti Polar and Rectangle to represent points in the polar and
rectangle systems. Use conversion routines to convert from one system to the other.

Fig. 7.3 o f'ola r coordinates o
jyf
a point

j
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Inheritance:

Extending Classes

Key Concepts

> Reusability

> Inheritance

> Single inheritance

> Multiple inheritance

> Multilevel inheritance

> llyhrtd inherit-amie

> Hierarchical inheritance

> Defining a derived class

> Inhcritiing privnU* members

> Virtual base class

> Direct base dflRa

> Indirect base class

> AhsLrail <:Ishh

> Defining derived class constructors

> Nesting of cL&fifcL's

1 8. 1 Introduction

Reusability is yet another important
feature ofOOP. It is always nice ifwe could

reuse something that already exists rather

Lb a [j trying La create the same .ill over

again. It would not only save time and
money but also reduce frustration and
increase reliability. For instance, the reuse

of a class that has already been tested,

debugged and used many times can save

us the effort of developing and testing the

same again.

Fortunately, C++ strongly supports the

concept of reusability. The C++ classes can
be reused in several ways. Once a class has

been written and tested, it can be adapted
by other programmers to suit their

requirements. This is basically done by
c re>; l1 i ng new cla sees , re< i g j ng the

|
mo] jertii sa

of the existing ones. The mechanism of

deriving a new class from an old one is

called inheritance for derivation). The old

class is referred to as the base class and
the new one is called the derived class or

subclass.
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The derived class inherits some or all of the traits from the base class. A class can also

inherit properties from mure than one class or from more than one level. A derived class

with only one base class, is called single inheritance and one with several base classes is

called multiple inheritance, On the other hand, the traits of one class may be inherited by
more than one class. This process is known as hierarchical inheritance. The mechanism of

deriving a class from another 'derived class
1

is known as multilevel inheritance. Figure 8.1

ghowa various firmly of inheritance that could be osed For writing extensible program^, The
direction of arrow indicates the direction of inheritance, (Some authors show the arrow in

opposite direction meaning "inherited from* }

(a) Single Inhenlance

a c D

[ft) Multiple inherence >;c! Hierarchical inheritance

B

(d| Mults^Bvtf inheribs^cs (a) H/bid

Fig. B.l o Forms ofinheribatze

A derived class can be defined by specifying its relationship with the base class in addition

to its own details, The general form of defining a derived class is:
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class derived-class-name : visibility-mode base-cUss-name

{

//

.// members 0/ derived clots

•«•»»//

_h

The colon indicates that the derived-class-name is derived from the base-ctaES-name , The
LJisioiJiEy/nodfe is optional and, if present, may be either private or public. The default

visibility-mode is private. Visibility mode .specifies whether the features of the base class

are- privately derived or publicly derived.

Examples:

class ABC: private XYZ // private derivation

:

members of ABC

:;

class ABC; public XYZ // public derivation

I

members of ABC

!;

class ABC: XV Z // private derivation by default

(

members of ABC

J:

When a base class is privately inherited by a derived class, "public members' of the base

class become "private members1

of the derived class and therefore the public members of the

base class can, only be accessed by the member functions of the derived class, They are

inaccessible to the objects ofthe derived class. Remember, a public member ofa class can be

accessed by its own objects using the dot operator. The result is that no member of the base

class is accessible to the object* of the derived class .

On the other hand, when the base class is publicly inherited, 'public members" of the

base class become 'public members1

of the derived class and therefore they are accessible to

tbe objects of the derived class. In both the cases* the private members are not inherited and

therefore H the private members of a base class will never become the members ofits derived

class.

hi inheritance, some ofthe base class data elements and member functions are 'inherited'

into the derived class. We can add our own data and member function* Hn" tr|\is extend the

Copyrighted material



£04-• Qbj&ct-Qri&Fited Programming with C++

functionality of the base class. Inheritance, when used to modify and extend the capabilities

of the existing classes., becomes a very powerful tool for incremental program development.

1 8.3 Single Inheritance

Let us consider a simple example to illustrate inheritance, Program 8-1 shows a base class

B and a derived class D. The class B contains one private data member, one public data

member, and three public member functions. The class D contains one private data member
and two public member functions.

SINGLE INHERITANCE : PUBLIC

Mnclutfe ^iCJStreATn>

using namespace std;

elm G

(

Int i; // private; net inheritable

publ ic:

fnt b; // public; ready for inheritance

vdi d get_ab()

;

int get_a(void)

;

voi d sho*_a(voi d)

;

ri

class D : public B // public derivation

{

int a
publ If

:

void trul (void}

;

*oi d di spl ay (void)

;

// - - -
vend B r: get_a5{void)

I

* = Si b - 10;

J

int E get_a()

<

return a;

}

tfoid B soDW_a{)

i Could.)
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cout « "a « a « "\n'i

}

void J> : r fdul 0
{

c - b * flfit_a();

}

void D :t displayf)

{

cout « 'a - " qetaQ ** u
\n

D

;

cout « "b * <= b « "\n"^

cout « "c » *c c « "\n\n*;

f

//

1 n t mat n()

(

0 tk

I
1 l\A i<

.L,J

"it: -.si r>M("

" L •

dj,get_ab()

;

d.mul [)

j

d.show_a{)

;

d.di splay()

;

d.b - 20i

d.mul
( j 5

d.disptayQ
j

return Oi

PROGRAM a.l

Given below is the output of Program 8. 1:

a = £

a - 5

b - ID

c - 50

a - 5

b • 20

c = 100

The class D is a public derivation ofthe base class B. Therefore, D inherits all the public

members ofB and retains their visibility, Thus a public member of the base class B is also

a public member of the derived class D, The private members of B cannot be inherited
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by D. The class D, in effect, will have more members than what it contains at the time of

declaration as shown in Fig. 8.2.

Class 0

Private Section

c

Public Suetic-n.

9et_B()

rnulQ

display;)

Fig, 8,2 « Adding more merrthrrs to a tfa$$ {py public ikrwatuttt}

The program Illustrates that the objects of class D have access to all the public members
of B. Let us have a look at toe functions show_aO and mull );

void show_a()

{

cout « *a « " « a « "\.n'i

)

void mil ()

I

c = b * git a()
; // c • b * a

I

9-

Although the data member a is private in B and cannot be inherited, objects ofD are able

to access it through an inherited member function of B,

Let us now consider the case of private derivation,
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class B

t

int a;

public:

Int b|

void getjib

{

) ;

void getaO;
wold show_a();

f;

class 0 ? private B // private derivation

{

int

public:

void mul ();

void display{J

;

u

The membership of the derived class D is shown in Pig. 8,3. In private derivation, the

public membere of t.hf» ba^ rlssn become private' members of the derived. class. Therefore,

the object® ofD can not have direct access to the public member functions of B,

Cla&i D

Prfval* Section

get_a(J

Public Section

mull)

displayd

Fig, S3 « Adding mart mmbets to a ck$$ (by private dmvatien)
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4 r get_abO

;

d,get_a0 ;

d 4 sho*

// get_ab() is private

/./ jo also get_oO

II and show a{)

will not work. However, these functions can be used inside mull ) and display!) like the

normal functions m shown below:

void muHJ

I

get_a.b()

;

c - b * get_i(l

j

]

void displayO

\

shc*_a(h // outputs value of 'a'

cout « "b " <* b « *\n
u

}

Program 6.2 incorporates these modifications Tor private derivation. Please compare this

with PmgrBTTT 8-1.

SINGLE INHERITANCE

^include ^iDstream*

using naniespace std;

class B

C

int 4;

ptibl ic:

int b;

void get^abf);

irtt get_afvoid);

void show afvoid)

;

// private; not Inheritable

II public; ready for inheritance

class D : private B // private derivation

{

int c:

(Cantd)
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);

public:

void mul (void)

:

void display {vol dj

.7-.:-_ -

i.

void B : : get_ab{ void)

cout « "Enter values for 4 and b;"«

c1n » a » b;

1nt B ; : qmt £>
(

return a;

i

void B shm_a()

\

cout « p
a » " « a « "\n"j

I

void D : ; mul ()

I

get abO

;

c • b * get at);

)

vend D : : displayO

I

show a{)

;

#. .
'*»

//
r
ff' cannot be used directly

., . ^sfcj^V^^

// outputs value of 'o'

//-

cout « 'b ' « b « '\n*

« 'C« " « C « '\n\n";
I ^ y. ,

". i •,
.

. -r I i

Int im1h()

f

// </. get ab(); WON'T WORK
d,mul ();

ffd.siwvaOi NWT WRK
d. rii spl a/f )

;
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// <f t * = 20;

d, dHplay()

:

um'T UQM; 6 has becom private

return flf

PROGRAM 1.

2

The output of Program 8 .2 would be:

Enter values for a. and fc:5 10

a = 5

b = 10

c - SO

Enter values for a. arid Ja: 12 20

a = 12

b 20

c = 240

Suppose a base class and a derived class define a function of the same name. What will

happen when a derived class object invokes the function?. In such eases, the derived class

function supersedes the base class definition, The base class function, will be called only if

the derived class does not redefine the function.

18,4 Making a Private Member Inheritable

We have just seen how to increase the capabilities ofan existing class without modifying it.

We have also seen that a private member of a base class cannot be inherited and therefore

it is not available for the derived c\u.as directly. What do we d» if thy private- dulu xteedii Lii

be inherited by a derived class? This can be accomplished by modifying the visibility limit of

the private member by making it public. This would make it accessible to all the other

functions of the program, thus taking away the advantage of data hiding.

C++ provides a third visibility modifier* protected, which serve a limited purpose in

inheritance, A member declared as protected is accessible by the member functions within

its cIhmh and any class immediately derived from it. It cannot be ucuu&scd by the (un-cliiHis

outside these two classes. A class can now use all the three visibility modes as illustrated

below:

class alpha

private: // optional

if visible to member functions
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// within its class

II visible to mentber functions

If of its own and derived class

If visible to all functions

II in the program

When a protected member is inherit**! in public mode, it becomes protected in the

derived class too and therefore ie accessible by the member {unctions ofthe derived class. It

is also ready for further inheritance, A protected member, inherited in the private mode

derivation;, becomes private in the derived class. Although it is available to the member
functions of the derived class, it is not available for further inheritance (since private

members cannot be inherited). Figure S.4 is the pictorial representation for the two level*

of derivation.

protected:

publicr

.......

J;

Not inheritable X

I as&s PI : pubNi; B

Private

Pratedad

Public

Private

Preceded

Public

- X Hot ir.hcri^hlr;

class D2 : private B

Private

Protected

Public

t\*t* * : public 01 : pnolMtatl 0;

Private

Pratedad

Public

S.4 « Ej^tci of inheritance on the visibility of members

Copyrighted material



21 2 • Object-Oriented Programming uxitk C 4 +

The keywords private, protected, arid public may appear in any order and any number
of times in the declaration of a class. For example,

class beta

{

protected:

pub ! ic:

ft fr 4 *

pr1 vate:

public:

h

is a valid class definition.

However, the normal practice is to use them as follows:

class beta

{

..... if private by default

protected:

•* 4 #

publ ic:

- - ' -

1

It is also possible to inherit a base class in protected mode (known nzpnotected a\>rivatian ).

Id protected derivation, both the public and protected members of the base class become
protected members of the derived class. Table 8,1 sumnuirizeB bow the visibility of base

class members undergoes modifications in all the three types of derivation.

Now let us review the access control to the private urn] protected members of a class.

What are the various functions that can have access to these members'? They could be:

1. A function that is a friend of the class.

2. A member function of a class that is a friend of the claw,

3. A member function of a derived class.

While the friend functions and the member functions of a friend class can have direct

access to both the private and protected! data, the member functions, of a derived class can

directly access only the protected data. However, they can access the private data through

the member functions of the base class. Figure 3.5 illustrates how the access control
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mechanism works in various situations. A simplified view of access control to the members
of a class is shown in Fig. 8.6.

Table 8, 1 Visibility of inherited members

Derived clast visibility

Bane damn visibility Public Private Protected

derivation derivation derivation

Private > Not inherited Not inherited Nut inherited

Protected Protected Private Protected

Public Public Private Protected

friend class Y.

private

ft, data

dala

1

. r

etan a/

fe

to

to

friend of X

- V

\ \

luncbQn 1

Inhanled fiom >(

Fir. 8.5 <=> A&cess mechanism in dosses

8.5 Multilevel Inheritance

It is not uncommon that a class is derived from another derived class as shown in Fig. 8,7.

The class A serves as a base class for the derived class B„ which in turn serves as a base

class for the derived class C. The class B is known as intermedial!! base class since it provides

a link for the inheritance between A and C. The chain ABC is known as inheritance path.
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AH users

derived ctess

member
functions

own member functions

and friendly fynchgns

and classas

Fig. 6.6 4=> A a'rnp/r Ptai? ofaccent ttmtrvi lu lite member* nf a elites

Base clea9 *
1

base class

Derived class C

Gra^dfathe r

Child

Fig. 8.7 « AluJfj'JtwJ ir?Jrfrj/flpicr

A derived class with multilevel inheritance is declared as follows:

class k\ }

;

class B; puhl k A j l + ,h
class, C; puhl 1c B

(
l + , . .} j

// 0 (feri^ed from A

If C derived from B

This process can be extended to any number of levels,

Lei us consider a simple example. Assume that the test results of a batch of students are

stored in thrift different classen. Class student stores the rell-number, cia&a test store!* the

marks obtained in two subjects and class result contains the total marks, obtained in the

test. The class result can inherit the details of the marks obtained in the test and the roll-

number of students through multilevel inheritance1

, Example:
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class student

[

protected:

1 nt roll_number;

public:

void get_number(i nt )

:

vol d put_numbe r { v o 1 d ) ;

!:

void student get_number(1nt a) *

:

roll nunber a;

\

void student putjiumberf)

{

cout « "Roll Number: * « i*oll_number « "\n";

I

class test : public student // First level derivation

{

protected:

float subl;

float sut>2;

public:

void getjnarks {float , float);

void put_mflrks(v[}id)

;

}{

void test get_marks(fToat x, float y)

(

subL = x;

subZ = y;

)

void test put marksO

{

tout « "Harks in SUB1 " subl « "\n";

cout « "Harks fn SUB2 • " « sub2 « "\n";

}

class result i public test // Second level derivation

{

float total; // private by default

publ ic:

void display{vQid)

;

):

The class result, after inheritance from 'grandfather
1

through father', would contain the
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private:

float total;

protected:

1 n-t no 11 _n umber;

float subl;

float sub?;

publ 1c:

void get_ruiinber(lnt)

:

void p ut_n umber (void);

void getjiiarks (f 1 oat, float)*

vo 1 d put_ma rks ( vo 1 <i )

\

voi d di ^play(void)

;

// o*n member

If inherited from student via test

II inherited front test

II inherited front tea

II from student via test

II from student via test

// from test

II from test

II own member

The inherited functions put_numberO and put marksO can be used in the definition

of displayO function!

void result :i displuylvoid}

{

total - subl * 5<M;
outnumber ( )

;

(UltJIMLf-k s0 i

cout « "Total
H « total « "\n";

)

Here is a simple main 1 1 program:

ttit ™in()

\

result studentl;

student 1
.
get_number { 11 1) ;

studentl > getjHrlts (75.0, 59. 5h
studentUdlsplayOi

h studetitl created

return 0;

J

This will display the result of studcntl.The complete: program is shcjwn in Pruyram 8,3,

MULTILEVEL INHERITANCE

Prelude <iOstream>

using nairespace std;

class Student

fContd)
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\

protected:

int roll_number;
public;

void get_nuinber[int);

vai d put_numberfvoid);

ll

void student :: get number (int &)

{

roH number n a;

}

void student : : put number()

\

cout "Roll Ptumbin
M

roll numher « "\n"-;

}

class test : public student // first level derivation

[

protected;

float Suih
float sub.2;

publics

void <jet_marks( float, float);

void put"maris[void);

}i : .- «..•:, .
,

void test :: getwarks (float x. float y)

subl x;

sub2 - y; •>•.? j'-v h
"

void test put_marks()

\

COut « "Marks in SUB1 =
H « subl « 'Nil's

cout « "Warks in SJ&2 - " « sub2 « 'Xfl*!

class result : public test // 5econd level derivation

[

float total; // private by default
public:

void dlsplayfvoldj

;

i

void result displav(void)

iCantd)
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}

total = subl + sub2;

put_numberf ) ;

putjTiark${)

;

cout « "Total = « total « "\n";

int main()

(

result studentl; // student 1 created

PROG RAH &.3

s t udent 1
.
get_nuniber (111);

studentl+getjnarksf?^!), 59,5);

student l.dtspl ay ()

;

return 0;

Program 8.3 displays the following output:

Boll Nunlwr; 111

Marks in SU61 = 75

Harks 1n SUB2 = 59,5

Iota! = 134,5

1 8.6 Multiple Inheritance

A class can inherit the attributes of two or more classes as shown in Fig. 3.8. Thin is known
hh multiple inheritance. Multiple inheritance allows us to combine the features of several

existing classes as a starting point for defining new classes. It is like a child inheriting the

physical features of one parent and the intelligence of another.

B-1 B-2 B-n

Fig- 4.8 » Multiple inheritance
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Hie syntax of a derived class with multiple bnse elsase* is as follows:

219

class D: visibility B-1 T visibility ...

< . , ,{Body of D)

' "i

whore, I'ixihiliiy may be either public ur private. The base claseee are separated by commss.

Example;

class P i public H, public N

\

publ i c

:

void disp)ay(vaid);

Is

Cla$ee& M and N have be^n specified m Fulluwe:

class M

:

protected:

1 nt m;

publ i e e

void getjn(int)

:

\:

void H : : get_m(1nt k)

i

}

class N

{

protected:

i'nt n;

publ 1 C:

void get_n(int);

h
void N i i g#t_n(int y)

E
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n * y:

!

The derived class P, as declared above, would, in effect, contain all the members ofM and

N In addition to its own members as shown below:

class ?

{

protected:

int

* nt r;

public:

void get_m[tntj;

void get_n(int)

;

void dtsplay{vo1d);

U

The member function display*) can be defined as fellows:

void P :r display(vold)

\

cout « Mm - ' *< m « H
\n*;

Cent « "n « n « N
\n*;

cout « H
nr*n = H « m*n « 9 \n";

\;

The main? ) function which provides the user-interface may be written as follows:

uin()

(

P p;

p r 36t_m{ll>);

p.get_n(2Q);

p.dl splayf);

]

Program 8,4 shows the entire code illustrating how all the thrtw c hisses are implemented

in multiple inheritance mode-

// from M

// from H

// from H

// from ff

// own member
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MULTIPLE INHERITANCE

Include <i estreat

using manespace std;

class M

protected:

int m;

publ \t:

void get m(1fit);

) I

class N

\

protected:

Int n{

public:

void get n( 1 nty

j

\;

class P : public M, public N

public:

void display (void:}

;

^old N getjnflrvt x)

m = *;

void N : t get n(1 nt y)

n y;

void P :: display (vol d)

cout « 'n « m « '\n*;

cout « "n - * « n « "Vi";

cout « "m*n - « m"n « "\n
-
;

nt ma1n()

.4 ">i :V*>-?v'

IfL..

i if

It- I
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P Pi

p,gEt_m{l&)

;

p«display();

return 0;

PROGRAM S, J

The output of Program 8.4 would be;

m = 10

n = 20

m*n - 200

Ambiguity Resolution in Inheritance

Occasionally, we may face a problem in using the multiple inheritance, when a function

with the same name appears in more than one base class, Cunsid^r the following two classes.

class H

f

puhl ic;

void dis.pl ay (void)

(

cout « "Class H\n";

)

};

class N

{

put>lic;

void di splay (vol dO

cout « "Class N\n";

I

Is

Which display!) function is used by the derived dare* when we inherit thes* two classy?

We can solve this problem by defining 3 named instance within, tha derived class., using^tlie

class resolution operator with the function as shown below:

class P : public M, public N
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\

pub I i c

:

void display(void) // overrides display {) of H and H

{

M it displayf);

}

\:

\\V cm now use the derived class as follows:

Int JiiainO

{

P p t

p.displayt);

j

Ambiguity may also arise in single inheritance applications. For instance, consider the

following situation;

class A

{

public:

void dlsplayO

{

cout « "A\rT;

}

h
class 6 : public A

\

public;

void dispUyO
{

cout « "B\n
u

t

}

I;

In this case, the function in the derived class overrides the inherited function and,
therefore, a .simple call to display0 by R type object will invoke function defined in B only.

However, we may invoke the function defined in A by lifting the scope resolution operator to

specify the class.

Example:

tnt malo{J

{
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I b: // derived class object

b. displ ay{ J ; // Invokes dlsplayO in 8

b,A; idisplayf); // invokes displayO in A

b.Bt :disp1ay(); // invokes dlspUyf) in 6

return 0:

\

This will produce the following output;

B

A

D

8.7 Hierarchical Inheritance

We have di.scus.HEHi hc] far how inhusrit.ance can be used to modify a class when it did not

satisfy the requirements of a particular problem on hand. Additional members are added
through inheritance to extend the capabilities of a class. Another interesting application of

inheritance is to usl> it an a support to the hierarchical design of a program. Many
programming problems can be cast into a hierarchy where certain features of one level are

shared by many others below that level.

As an example, Pig. 8.9 shows a hierarchical classification at students in a university.

Another example could be the classification of account.'; in a eommE»rcia] hank as shown in

Fig. 8.10. All the students have certain things in common and, similarly, all the account.*

possess certain common features,

StuiJ*nls

MKh. Else. am

Fig, 8,9 c=> hierarchical classifiaiticn ufstudents
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Ae*t>gnt

Savings account CiHTsenr account

Fixed-dspoGit aoroum

Short-Swim Long-term

Mfcdiunvterm

Fig, 8.10 <=> Classification ofbank acaouttts
j

In C++, such problems can be easily converted into class hierarchies. The base class will

include all the features that are common to the- subclasses. A subclaim r.nn be uoiiHtmclsd by

inheriting the properties of the base class. A subclass can serve as a base class for the lower

level flasses and so on.

g.B Hybrid Inheritance

There could be situations

where we need to apply two

or wore types of iioheriiance

to denigit n prui^raii]. Fur

instance, consider the case of

processing the student
results discussed in Bee. 9.5.

Assume that we have to give

weightage for sports before

finalising the results. The
weaghtage for sports is stored

in £ separate class called

sports. The new inheritance

relationship between the

various classes would W as

shown in Fig. 8.11,

lest i.|j:n1i

Fig, 8.11 « MvMlevelr multiple uifteritoioe
|
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The sports class might look like:

class sports

protected

float score;

publ i c

:

void get_sco«**{ float) „

void put_score (void)

;

k

The result will have both the multilevel and multiple inheritances and itt declaration

would be as follows:

class result : public test, public sports

1

i;

Where test itself is a derived cIhkh frum ntudent, That is

class test : public student

It

Program 8.5 illustrates the implementation of both multilevel and multiple inheritance.

HYBRID INHERITANCE

^include <*ostreaTi>

using nairespace std^

class student

I

protected:

int ra 1 1 _numbe«*;

lie:

void get_n umber (int a)

\

rol 1 number - a

;

•Contdf
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\

void put number (void)

{

cout "Roll No p
" « rol l_nymber « B

\n"j

I

J;

class test : public student

I

protected:

float parti, part2

5

public:

void get marksffloat ** float y)

{

parti - x; part2 = >;

)

yotd put_[Mrks(void)

{

cout « *Wark.5 obtained: " « "\n"

"Parti - " « parti « p Vn"

« "Part2 - " « part2 "\n M
j

}

};

class sports

{

protected:

float score;

public: ;
1

• '.^'TtV.

void get sco refloat s)

;

score -

!

void put score(void)

cout « 'Sports wt: " « score « 'VnVn'i

1 . i -.
-

k V

class result t public test* public sports
'V&i-- * :A1%

float total i ..
'.'-;

f
! ;

'^vV:v^
public;

void displ ay (vuidj ; , . ^ jiriVi j
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1:

vci d result disptay(void)

!

total parti * partZ + score;

put_number{)

;

putjiiarksOj

pUt_SCO!T*f}l

cout « "Total Score: " « total « "\rT;

I

result student_l;

studer»t_l.get_rtamber(1234) [

$tudent_l k getjwrlLs(27,5, 33.0);

5tudent_l,a,et_score(&\Qj

;

student l.dlsplay()

;

return 0;

Here is the output of Program 8.5:

PROGRAM fl.5

Roll No: 1234

Harks obtained:

Parti - 27.5

PartZ - 33

Sports wt; 6

Total Sco re 3 66.5

Virtual Base Classes

We have ju-Ht discussed a situation which would require the use of both the multiple aud
multilevel inheritance. Consider a situation where all the three kinds ofinheritance, namely,

multilevel,, multiple and hierarchical inheritance, are involved, This is illustrated in

Fig. 8.12. The 'child' has. two direct base ciaasev 'parent 1' and 'parents
1 which themselves

haw a common base class 'grandparent'. The 'child' inherits the traits of 'grandparent' via

two separate paths. It can also inherit directly as shown by the broken line. The 'grandparent'

is sometimes referred to as indirect have class.
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Parent 1

Grandparent

Cr -G

Parent 2

Fig. 8,12 c* MultifKttJi ijlhtriturttt

Inheritance by the 'child' as shown in Fig. 3, 12 might pose some problems. All the public

find protected members of
c

gratidpfm?nt' are inherited into 'child' twice, first via p&rentl
1

and again via 'parents', This means, 'child' wyuld have duplicate sets ofthe members inherited

from 'grandparent', Thi& Introduces ambiguity and should be avoided.

Hie duplication of inherited members due to these multiple paths can be avoided by

making the cummon base class (ancestor class) as virtual base ciwss while declaring the

direct or intermediate base classes as shown below;

elm A

(

u
class. Bl

(

virtual public A // parent1

class B2 : public virtual A // parent?

t

1

1

class C : public 81, public B2 // child

I

..... // only one copy of A

// will be inherited

I:

When a class is made a virtual base class, C+-t- takes necessary care to see that only one

copy of that class is inherited, regardless ofhow many inheritance paths exist between the

virtual base class and a derived class,
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The keywords virtual and public
may be used in either order.

For example, consider again the student

results processing system discussed in Sec. 8.8.

Assume that the class sports derives the

rolLnumber from the class student. Then, the

inheritance relationship will be as shown in

Fig. 8.13.

As virtual base CkM A& v lual base rjass

net sports

result

8.1* Vrrfwri Iww ctoss

A program to implement the concept of virtual base class is illustrated in Program 8.6.

VIRTUAL BASE CLASS

include <1ostreamo

using ndnespdce std;

cla^5 student

protected

:

Int rollnumber;
public:

: void get nurf.ber(int a]

{

(Contd)



ftiheritartce: Extending Classen ' 231

rol l number * a;

)

void put number (void)

I
couit « "(toll No: « roll_number « '\n";

)

h

if]
-

.

_
i

.

class test ; virtual public student

< :.,

protected:

float partly part 2;

public:

void get_roarks( float x, float y)

parti x
;

partZ * y;

}

void put nvarks{vDidJ

{

cout « "Marks obtained: « "\n"

*w "Parti ' «w parti « "\n" ;V ' =

« "PartZ - - « partZ « m
\n'i .. . -j,.£>.i

.

c'ass sports, : public virtual student t^iV
(

protected;

float score;

public:

void get score{float s) y
{

score • s r
,

1
>

i .. ..
'

void put_scorefvo1d) \.

cout "Sports wt; « score « "^n\n*i

^"t'.-i-, * V

class result : public test, pubMc spurts

\
;

flo-at total; w i
'^

f

public: -^..fi^Mi-
void display (void);

1:
" -:^ ,

#.v:.5.^
,

:

: ^-.3
!

l

*f'r
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void result :: display{void}

total parti * parti + scarp;

outnumber ( )

;

putjnarksO;

put_si:ore{
J

;

cout « » Total Score: " « total « N
\n";

result student_l;

stuctent_l . jet_rmnber{678)
-„

itu dent_ 1
.
getjnarfc s { 3D . S T 25.5);

student_l
.
get_score(7.Q)

;

student_l.display();

return 0;

The output of Program 8.6 would be

Roll No: 675

Harks obtained:

Parti - 30.5

Part2 » Z5.5

Sport wt: 7

Tot a) Scorer. 63

|a»10 Abstract Dassis

An aotfJraci rJas« ie one that ia not used to create objects. An abstract class is designed only

to act as a base class (to be inherited by other classes). It is a design concept in program
development find provides a hasp upon which other i4jlhh«k may be hui.lt. In the previous

example, the student class is an abstract class since it was not used to create any objects.

1 8.11 Constructors in Derived Classes

As wo know, the constructors play an important role in initializing objects. We did not use

them earlier in the derived classes for the sake of simplicity. One important thing to note

rittlnO
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here is that, as long as no base class constructor takes any arguments, the derived class

need not have a constructor function. However, if any hawe class contains a constructor with

one or mdrp arjjumentH, then it w mandatory for the derived class to have a constructor and
pasa the arguments to the base class constructors. Remember, while applying inheritance

we usually create objects using the derived clasB, Thus, it makes sense for the derived class

to pass arguments to the base class constructor. When both the derived and base classes

contain constructors, the base constructor is executed first and then the constructor in the

derived class is executed.

In ease of multiple inheritance, the base classes are constructed in the order in which
they appear in the declaration of the derived class. Similarly, in a multilevel inheritance,

the constructors will be executed in. the order of inheritance,

Since the derived class takes the responsibility of supplying initial values to its base

classes, we supply the initial values that are required by all the classes together,, when a

derived class object is declared. How are they passed to the base class constructors so that

they can do their job? C++ supports a special argument passing mechanism for such

situations.

The constructor ofthe derived class receives the entire list ofvalues as its arguments and
passes them on to the base constructors in the order in which they are declared in the

derived class. The base constructors are called and executed before executing the statements

in the body of the derived constructor.

The £L?[lcrnl form of drilling ;l 1)4 'rived cartel i1k:Uh' i^:

Deri ved -con 5 1 rue tor

basel (argil st IK
baseZ farglistZj

,

bauNUrgllttN),

(Arglistl, Arglist2, ArglistN, Argli&t(D)

J

arguments far basetNJ

Body of derived constructor-

The header line of derived'Constructor function contains two parts separated by ;i colon I: >.

The first part provides the declaration of the arguments that are passed to the iivrivwl-

censtructor and the second part lists the function calls to the base constructors.

baselfarglistlh base2(arglist2) ... are function calls to base constructors base 10, baseSOj
„, and therefore arglistl, arg!i$t2 t ... etc. represent the actual parameters that are passed

to the base constructors. Arglistl through ArglistN are the argument declarations for base

constructors base! through baseN. ArglistD provides the parameters that are necessary to

initialise the members of the derived class.
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Example:

Dflnt al, int a2
f

float hi, float b2 T Int <U):

Afal, a2), /* call to constructor A */

Bfbl. o2) /* call to constructor B */

(

d = dl; // executes its own body

}

Aial, a2) invokes, the base constructor A<) and B(bl, b2) invokes another base constructor

B(h The constructor DO supplies the values for those? four arguments, tn addition, it has
one argument of its own. The constructor D(l has a Uit#1 nf five firgurnente. DO may be
invoked as follows:

D objtK^ 12, 2*5, 7.54, 3D);

These values are assigned to various parameters by the constructor DO as follows:

5 * al

12 * a£

2.5 —+ bl
7,54 * b£
30 * dl

The constructors for virtual base classes are invoked before any non-virtual base classes.

If there are multiple virtual base classes t they are invoked in the order in which they arc

declared. Any non-virtual bases are then constructed before the derived class constructor is

executed. See Table 8.2.

Tab!* S.2 Execution o/ base doss constructors

Mffhod of inherifanw Order &f exeeuiion

Class B; public A A( > ; bus? constructor

I R( ) ; derived constructor

I;

class A : public B, public C B( ) baae< first)

I C( ) ; basF! second >

] ; A( > ; derived

class A : public B, virtual public C C( } ; virtual base

( B( > ; ordinary bane

\; M ) \ derived
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Program 8.7 illustrates how constructors are implemented when the classes are inherited.

CONSTRUCTORS IH DERIVED CLASS

using namespace std;

class alpha

{

int x;

publlci

alpha {int fj

{

x fj

o>ut « "alpha initialized VTj
}

wold show_x(void)

{ cout ** *x " <* ft « '\n*t \

u

class beta

\

float y:

publ ic:

beta [float jj

I

y = U
cout « "beta initialized \n";

}

void shm*_y(¥oid)

{ cout <-c "y y « M
\n"; }

'r ' < '

class gawma: public beta, public alpha

{

int m, n;

public;

gamnafint a, float b f int c, int dj

:

alpha [a), beta{b)

(

m * c;

n d;

cout "gamrta Initial lied \n"i

. i _ :

rCcwifdl.;
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void showjrinfvoid)

coat « "m - H « m « H
\n

H

I

U
*

1 n t ma1n()

\

ganma g{5. 10.75. ZD. 30};

cout « "\n
H

i

g,s.how_x() [

g.shD*_y()

;

return 0;

The output uf PrtjgTim 8.7 would be:

PROGRAM 8.7

beta initial i zed

alpha initialized

ganra initialized

X 5

y » 10.75

m = za

n - 3D

beta is initialized first, although it appears second in the derived constructor. This is

because it has been declared first in the derived class header line. Also, not* that alpha(u)

and beta(b) are function calls. Therefore, the parameter* should not include types,

C++ supports another method of initializing the class objects. This method uses what is

known as initialization list In the constructor function. This takes the following form:

constructor (arglist) i tntialtzatton-sect ton

I

assignment -sect ion

\

The as&ignmenl&ectiQn Is nothing but the body of the constructor function and is iihhc3 to

assign initial values to its data members. The part immediately following the colon is known
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as tho initialization, section. We can use this flection to provide initial values to the base

constructors and also to initialize its own class members. This means that we can use either

of the sections to initialize the data members of the constructors class. The initialization

section basically contains a list of initializations separated by commas. This HhI lh known, as

initialization list. Consider a simple example:

class XtZ

\

tnt a;

irt b'

publ 1 e e

XYZflnt 1, tnt J) i ftfO. h(2 MM 1

}[

(

XYZ k{2, 3);

}

This program will initialize a to 2 and b to G. Note how the data members are initialized,

just by using the variable name followed by the initialization value enclosed in the parenthesis

(like a function call). Any of the parameters of the argument list may be used as the

initialization value and the items in the list maybe in any order. For example, the constructor

may also be written a&;

MZCIitt U lilt J) : btU* afl + j) { }

In this case,, a will be initialized to 5 and b to 2. Remember h the data members, are initialized

in the order of declaration^ independent ofthe order in the initialization list. This enables us

to have statements such as

m{ir\t f. int j) : a(1). b(a * j) { 1

Here a is initialized to 2 and ta to 6 . Remember, a which has been deel ared first is initialized

first and then its value is used to initialize b. However, the following will not work;

X.¥Z{int i. int j) : b(i), a(b 1
j) { )

because the value of b is not available to a which is to be initialized first.

The following statements are also valid:

XYZftrt 1, int j) ; a(1) {b - J;}

XYZ(int 1, int J) { a - i; b - J;}
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We can omit either section, if it is not needed. Program 8,8 illustrates the use of

initialization lists in the base and derived constructors-

INITIALIZATION LIST IN CONSTRUCTORS

^include <iostreatn>

using namespace std;

class all

{

1nt xt

public-

alpha(tnt 1)

(

rout « "\n alpha constructed";

)

void shD*_alpha(void)

(

cout « fc « x « "\n
m

i

1;

class beta

{

oat p, q:

ic;

betaffloat a, float b): p(a).

t

cout <* "\n beta constructed";

J

void shw_beta(woid)

{

cout « M
p - * « p « M

\n";

cout « " q = " <^ q « "Nn";

)

class gamma : public beta, public alpha

I

int u,v;

publ it:

(Contd>



Inheritance: Extending Classes *239

gammafint a, int b, float c):

alpha fa*2}
t beta(c»c), u{aj

( v » b; cout « u
\n gamra constructed": }

vofd show garnna(voi d)

I

COut « " u = " « u « "\n";

cout ^< " v = t « v « "\n"i

}

h

1nt main()

i*
gamma g(2' ( 4, 2.5};

cout #( *\n\n Display meiiber values " « "\n\,n";

g h shotf_alpha()

;

g.shtw_beta()

;

g* she* gamma ()

;

return 0;

};

PROGRAM 9.8

The output ofProgram SB would be:

beta constructed

alpha constructed

gamma constructed

Display inemfeer values

x = 4

p 2.5

q 5

U = 2

v ' 4

: ft<t/i
•

The argument Est of the derived conitruLUjr ^jtima contains only throe parameters a,

b and c which are used to initialize the five data member? contained in all the three
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18*12 Member Classes: Nesting of Classes

Inheritance is the mechanism of deriving certain properties of one class into another. We
have seen in detail how this is implemented using the concept ofderived classes. C++ supports

yet another way of inheriting properties of one class into another. This approach takes a

view that an object can be a collection of many other objects. That is h a class can contain

objects of other classes as its members as shown below:

class alpha {....};

class beta

class gamma

(

alpha a; // a is on object of alpha doss

beta b; // b is art object of beta doss

All objects ofgamma class will contain the objects a and b. This kind of relationship is

called containership or nesting, Creation of an object that contains another object is very

different than the creation of an independent object. An independent object is created by its

constructorwhen it is declared with arguments, On the other hand, a nested object is created

in two stages. First h the member objects are created using their respective constructors and
then the other 'ordinary' members are created. This means, constructors of all the member
objects should be called before its own constructor body is executed. This is accomplished

using an initialization list in the constructor of the nested class,

Example:

class garona

{

alpha a; //a is object of dphv

beta b; // b ts object of beta

public;

ganrfla(arglist) : a(arglistl), b(arglist?)

;

// cons tractor body

)

h

artfti&t l6 the list ofarguments that is to be supplied when a gamma obj&ct is defined. These

parameters are used for initializing the members of gamma, arglistl is the argument hat
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for the constructor of a and arglist2 is the argument list for the constructor of b. arglistl

and arglist'2 may or may not use the arguments from arglist. Remember, aiargUstl) and
hiarglist2} are function talis and therefore the arguments du not contain the data types.

They arc simply variables or constants.

Exam pic:

gamma { in t k, 1nt y. float z) : a(x) , b{x,z)

{

Assignment section(for ordinary other members)

1

We can use an many member objects an a™ required in a class. For each member object

m add a constructor call in the initializer JL^t. The constructors of the member objects are

called in the order in which they are declared in the nested class.

SUMMARY

O The mechanism ofderiving a new class from an old class is called inheritance. Inheritance

provides the concept of reusability, The C+ + classes can be reused using inheritance.

O The derived class inherits some or all of the properties of the base class.

O A derived class with onlv one base class is called single inheritance.

A class can inherit properties from more than one class which is known as multiple

inheritance.

» A class can be derived from another derived class which is known as multilevel

inheritance.

O When the properties of one class are inherited by more than one class, it is called

hierarchical inheritance.

<^ A private member of a das;? cannot he inherited either in public mode or in private

mode.

<Z> A protected member inherited iu public mode becomes protected, whereas inherited in

private mode becomes private in the derived class.

w A public member inherited in public mode becomes public, whereas inherited in private

mode becomes private in the derived class.

o The friend functions and the member functions of a friend class can directly access the

private and protected data.
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The member functions of a derived class can directly access only the protected and

public data. However, they can access the private data through the member functions

of the base class.

O Multipath inheritance may lead to duplication of i nberiied members from a 'grandparent'

base class. This may be avoided by malting the common base class a virtual base class.

In multiple inheritance, the b*» classes are constructed in the order in which they

appear in the declaration of the derived class.

In multilevel inheritance, the constructors are executed in the order of inheritance,

£> A class can contain objects of other classes-. This is known as containership or nesting.

Key Terms

y abstract class > inheritance path

> access control > initialization list

> access mechanism > initialization section

> ancestor class. > intermediate base

> assignment section > member classes

> base class m ulti level inheritance

bust? constructor > multiple inheritance

> child class > nesting

> common base class > private

> containership > private derivation

> derivation > private members

> derived class > privately derived

> derived constructor > protected

direct base class > protected members

> dot operator > public

> duplicate members > public derivation

> father class > public members

> frii nrf > publicly derived

> grandfather class > reusability

> grandparent class > single inheritance

> hierarchical inheritance > subclass

> hybrid inheritance > virtual base class

> indirect base class > visibility mode

> inht'ri Lance > visibility modifier
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Review Questions

8-1 WAqf cfoea inheritance mean in C++?

8.2 Wftnf one the different forms of inheritance? Give an example for each.

8.3 Describe the syntax of the single inheritance in C++.

8.4 We know that a private member of a base class is not inheritable , fa it anyway
possible far the objects <jfa derived class to access the private members of the base

class? If yes, how? Remember, the bam dam cannot be modified.

8.5 How da the properties of the following two derived classes differ?

t h } clam D3: private B{t f J;

( b} class D2; public B{f / . J;

8.6 When do we use the protected visibility specifier to a class member?
8.7 Describe the syntax ofmultiple inheritance. When do we use such an inheritance?

8.8 What are the implications of the following two definitions?

(a) class At public B> public Cf/ /—A'
(b) class At public C. public Bff /...J;

8.9 What is a virtual base class?

§.10 When do we make a class virtual?

8.11 What is an abstract class?

8.12 In what order are the class constructors called when a derived class object is

created?"

8.13 Class D is derived from class B. The class D does not contain any data members
of its men . Dues the class D re.qu ire constructors? Ifyes, why?

8.14 What is containership? How does it differ from inheritance?

8.15 Describe how an object ofa class that contains objects of other classes created?

8.16 State whether the following statements are TRUE or FALSE:
i»! Inheritance helps in making a general class into a more specific class.

(b) Inheritance aids data hiding.

it) One of the advantages of inheritance is that it provides a conceptual
framework.

(d ) Inheritance facilitates the creation of class libraries.

(e) Befitting a derived clots requires some, changes in the hose class,

(f) A base ctaxx is never uned to create abjects.

ig) It is legal to have an object ofone class as a member of another class.

[hj We can prevent the inheritance of all members of the base class by making
bass class virtual in the definition of the derived class.

|
Debugging Exercises

8.1 Identify the error in the following program,

include ^iostream. h>
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class Student {

char* name;

Int roll Number;

private:

Student 0 !

name - "AlanKay";

roll Number - 1025;

]

void set Number [int no)
{

roll Number = no;

\

int gstRol lNifmber(J {

return rol 1 Number;

I

)i

class AnualTest: Student (

int markl, marfcZ;

puM i c

:

Anual Te$t (int ml, int m3)

jmarkl (ml) , mark2(rr2) {

}

int getRol 1 Number () (

return Student;
:
getftoll Number()

;

}

l!

void! main(}

I

Anual Test testify 65):

cout testl .getRoHNumherO

;

}

8-2 Identify the error in the following program.

include ^iostream. h>

class A

{

public:

AO
{
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eout « N
A";

}

h
class B: public A

i

publ ic:

B()

\

cout « "B"i

]

};

class Ci publ 1c &

{

publ ict

c()

{

CDUt ^ T'j

}

I;

class &

I

public:

DO
;

cout « "D'i

h
class E: publ ic C. publ ic D

{

public;

MJ

{

nut <* "D";

]

I;

class Fi B» virtual E

[

publ let
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t

COut « "F";

}

h
wold ma^nO

(

F f!

)

8.3 Identify the error in the following program,

include <\ ostreaui. h>

class A

(

int i

;

\i

class AB: virtual A

{

int j;

h
class AC: A. ABAC

(

fnt ki

h
class ABAC: AB. AC

I

int 1;

Is

void main(}

I

ABAC abac;

cout « "sizeof ABAC-." « sizeof (abac);

}

8.4 Find errors in the following program. State reasons.

// Program test

Mnclude ^iostneam.h;*

class X
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private:

int xls

protet ted

r

int x2i

publ fp:

int x3;

class r: public X

{

publ It:

:

vpid f(]

t

1nt Jl»y2,y3i

yl - xU
y2 - k2;

y3 *3i

class li X

f

public:

void ff}

* {

Int il,zZ,i2i

zl * xl;

zl - x3i

\

};

mo i n
(

}

{

tut m,n N p;

f ¥1

m y**ij

n = y.*2;

P - ***3;

HI - z»Xls

n =

p - z.*3;
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8.5 Debug the following program,

// Test program

Hnclude <1 oitreairi.h>

class 61

!

int bl;

publ ice

void d1spUy()i

{

cout « bl «"\n";

}

h

class &2

i

Int Kj
public:

void di &pl a v C )

;

(

)

class D; public BJ, public B2
#

// nothing here

):

main(}

{

0 di

d. display!)

d.61] : di spl ay 0 i

d.B2: : d > s-p 1 a> f )

;

I

^ft^gramiM/Kg Exercises

8.1 Assume that a bank maintain* two kind* ofaccounts for customers, one called an

savings acct.>unt and the other as current account. The savings accftunt prtividex

compound intermit and withdrawal facilities but no cheque book facility. The

current account provides cheque bttok facility hut no interest. Current account

holders should also maintain a tninitnUM balance and if the ImlonCe falls below

this level, a service charge is imposed.
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8.2

8.2

Create a class account that stores customer name, account number and type of

account. From this derive the classes curjacct and tavjacct to make them more

specific to their requirements. Include necessary member functions in order to

achiew the following tasks:

(a) Accept deposit from a customer and update the balance.

(b) Display the balance.

(c) Compute and deposit interest,

(d) Permit withdrawal and update the balance.

(e) Check for the minimum balance, impose penalty, necessary, and update the

balance.

Do not use any constructors. Use member functions to initialize the class members.

Modify theprogram ofExercise SJ to include constructors for all the three classes.

An educational institution wishes to maintain a database of its employees. The

database is divided into a number of classes whose hierarchical relationships are

shown in Fig. 8.14. The figure also shows the minimum information required for

each class. Specify all the classes and define functions to create the database and
retrieve individual information as and when required.

code
name

teacher

subieet

publication typist

spaed

otficer

grade

rtfyu!.>r casual

daily

wages

Fig. &14 » CJass relationsfiips (for Exercise &.19)

8.4 The database created in Exercise 8.3 does not include educational information of
the staff: It has been decided to add this information to teachers land officers (and

not for typists) which will help the management in decision making with regard

to training, promotion, etc, Add another data class called education thai holds
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a.

5

fwo pieces of educational information, namely, highest qualification in general

education and highest professional qualification. This class should be inherited

by the classes teacher and officer. Modify the program of Exercise 8.19 to

incorporate these additions.

Consider a elana network ofFig. 8.15. The class master derives information from
faith account and admin classes which in turn derive information from the class

per*on. Define all the four classes and write a program to create, update and
display the information contained in matter objects-

r&or

r;ir-ic;-

code

.-I' r.17.1 yr I-

pay

admin

experience

parson

name
cade
*»piqriencK

t>*v

£3.6

8.7

Fig. 8.15 « Muftipalh inheritance (for Exercise 8.21})

In Exercise the dosses teacher* officer, and typist are derived from the

class staff, As we know, we can use container classes in place of inheritance in

some situations. Redesign the program of Exercise 8 3 such that the elastics

teacher, officer, and typist contain the objects of staff.

We have learned that OOF is well suited for designing •simulation programs.

Using the techniques and tricks learned so far, design a program that would

simulate a simple real-world system familiar to you.
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Pointers, Virtual Functions

and Polymorphism

Key Concepts 9.1 Introduction

>

>

>

>

>

>

Polymorphism

Pointers

}
3
oi titers to objects

this pointer

Pointers t if derived cIhkh^h

Virtual functions

Pure virtual function

as compile tim* polymorphism, early

function call at compile time.

Polymorphism is one of the crucial features

of OOP, It simply means 'one name,
multiple forms'. We have already seen how
the concept of polymorphism is

implemented Mfli*»g the overloaded
functiunH and operators. The overloaded

member junctions are 'selected' for invoking

by matching arguments t both type and
number. This information is known to the

compiler at the compile time and, therefore,

compiler is able to select the appropriate

function for a particular call at the compile

time itself. This is called early binding or

static binding or static linking. Also known
binding simply means that an object is bound to its

Now let us consider a situation where the function name and prototype i& the same in

hot h the ha.se and derived cla^nes. For example, consider the following class definitions'

class A

I

int

publ i c

:
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void show() If shoa() in base class

\i

class &: public A

I

int y;

:ub! i c e

void shcwf) {..>.} II sha#() in derived class

)s

How do we use the member function ahowO to print the values of objects of both the

classes A and B?. Since the prototype ofshuwO is the same in both the places, the function

i h not overloaded And therefore static binding docs not apply. Wc have seen earlier that, in

such situations,, we may use the class resolution operator to specify the class while invoking

the functions with the derived class objects.

It would be nice if the appropriate member function could he- KtOec:t^d while the program

iy running, Thi^ i& krtOwn as run time polymorphism. How COuld it happen? C++ supports a

mechanism known as virtual function to achieve run time polymorphism. Please refer

Fig. 9.1.

F15. 91 AdrieviTig pelifmprphiztn

At run time, when it is known what dans objects are under consideration, the appropriate1

version of the function is invoked, Since the function is linked with a particular class much
later after the compilation, this process is termed as late binding. It is alsoknown as dynamic
binding because the selection of the appropriate function is done dynamically at run time.

Dynamic binding is one of the powerful features ofC++, This requires the use of pointers

to objects. We shall discuss in detail how the object pointers and virtual functions are used

tn implement dynamic binding.
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1
9. 2 Pointers

Pointers is one of the key aspects of C++ language similar to that of C. As we know,, pointers

offer a unique approach to handle data in C and C++. We have seen some ofthe applications

of fkj] tilers in Chapters 3 and B. In this section, we shall discuss the rudiments of pointers

and the special usage of them in C++,

We know that 9 pointer is a derived date type that refers to another data variable by

storing the variable's memory address rather than data. A pointer variable defines where to

get the value of a specific data variable instead of defining actual data,

Like C, a pointer variable cad also refer to {or point to) another pointer id C++, However,

it often points, to a data variable. Pointers provide an alternative approach to access other

data objects.

Declaring and Initializing Pointers

As discussed in Chapter 3, we can declare a pointer variable similar to other variables in

C++. Like C, the declaration is based on the data type of the variable it points te, The
declaration of a pointer variable takes the following form:

data-type 'pointer-variable:

Here, pointer-variable is the name of the pointer, and the data-type refers to one of the

valid C++ data types, such as int, char, float, and so on. The data-type is followed by an
asterisk (*) symbol > which distinguishes a pointer variable from other variables te the

compiler.

We can locate asterisk {*) immediately before the pointer variable, or between the data

type and the pointer variable, or immediately after the data type. It does not cauEje any

^ffet:! in the execution process

An we knflw, a pointer variable can point to arty type of data available in C++- However,

H is necessary to understand ih:ii ,

:
i pointer is able to point to only one data type at the

specific time Let us declare a pointer variable, which points toan integer variable, as fulluwa:

int 'ptr;

Here, ptr is a pointer variable and points te an integer data type. The pointer variable,

ptr. should contain the memory location of any integer variable. In the same manner, we
can declare pointer variables for other date, types also.
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Like other programming languages, a variable must be initialized before using it in a

C++ program. We can initialize a pointer variable as follows:

iflt *ptr t 4; // declaration

ptr=ta; // initialization

The pointer variable^ ptr, contains the address of the variable a. Like C, we use the

'address of operator or reference operator i,e,
L&' to retrieve the address of a variable. The

second statement assigns the address of the variable a to the pointer ptr*

We can also declare a pointer variable to point to another pointer, similar to that <jf C

.

That is, a pointer variable contains address of another pointer. Program 9. 1 explains bow to

refer to a pointer's address by using a pointer in a C++ program.

SAMPLE Of US TNG POINTS

# include *io5trean.h>

Finclude <conio,h>

void ?nain()

{

int a, 'ptr]
,
**ptr2;

clrscr () ;

ptrl = **;

ptr2-flptrl;

cout « "The Address of a :
* « ptrl « '\n";

cout « "The address of ptrl :
" « ptrZ;

COUt « B \n\n M
;

cout « "After incrementing the address values: \n\n p
;

ptrl-Hk i-jii^nil^xfi*.^.^:^

cout « "The address of a :
" « ptrl « PW;

ptr2+=Z;

cout « "The address of ptri r
" « pt r2 « "\r\"%

\

PROGRAM 9.1
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The memory location in always addressed by the operating ttystem. The output may vary

depends on the system, Output of Program 9,1 would look liker

The address of a i 0xBfb6ff f4

The address of ptrl: GxSfb&fff2

After incrementing the address values:

The address of a : 0xflfb6ffffl

I he address of a : 0x8fb6fff6

We can also use void pointers, known as generic pointers, which refer to variables of any

data type- Before using void painters, we must type cast the variables to the lipecific data

types* that they point co-

, n&te .

The pointers, which are not Initialized in a program, are called Null pointers. Pointers of

any data type can be assigned with one value i.e., *ff called null address.

Manipulation of Pointers

As discussed earlier, we can manipulate a pointer with the indirection operator, Le. '*\

which is also known as dereference operator. With this operator, we can indirectly access

the data variable content. It takes the following general form:

'pointer variable

As we know, dereferencing a pointer allows us to get the content of tbe memory location

that the pointer points to. After assigning address ofthe variable to a pointer, we maywant
to change Ihe content -of the variable. Using the dereference operator, we can change the

contents of the memory location.

Let us consider an example that illustrates how to dereference a pointer variable. The
value associated with the memory address is divided by 2 using the dereference operator.

The division affects only the memory contents and not the memory address itself.

Program 9.2 illustrates the use of dereference operator in C++,

MANIPULATION OF POINTERS

^include < lost ream. Ii>

include <conio + h>

void main()

(Cmtd)
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int a-lO, *ptrj

ptr - fia;

clrscrQ

;

cout « The value of a is :

M « a;

cout « "\n\n";

*ptr*(*ptr)/2;

cout « "The value of a is : « (*ptr)

cout « "\n\n";

} .
.

.

: ;;;.,4^^4k
:

Output of Program 9.2;

PROGRAM 9.2

The value of a is : 10

The value of a is ; 5

caution

Before dereferencing a pointer, it is essential to assign a value to the pointer. Ifwe attempL

to dereference an uninitialized pointer h it will cause runtime error by referring to any
. other location in memory.
V /
Pointer Expressions and Pointer Arithmetic

As discussed in Chapter 3, there are a substantial number of arithmetic operations that can

be performed with pointers. C++ allows pointers to perform the following arithmetic

operations

:

* A pointer can by incremented (++) (or) decremented f )

* Any integer can be added to or subtracted from a pointer

* One pointer can be subtracted from another

Example:

int a[fi] \

Int *aptr;

a ptr* la [0]

;

Obviously, the pointer variable,, aptr. refers to the base address of the variable a. Wc can

increment the pointer variable, shown as follows:
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aptr++ (or} ++aptr

This statement moves the pointer to the next memoir address, Similarly, we can decrement

the pointer variable, as follows;

aptr— (or) —aptr

This statement moves, the pointer to the previous memory address, Also
h
if two pointer

variables point to the same array can In.' .subtracted from each other.

We cannot perform pointer arithmetic on variables which are not stored in contiguous

memory locations,, Program 9,3 illustrates the arithmetic operations that we can perform

with pointers.

ARITHMETIC OPERATIONS QH POINTERS

1 1 n c 1 ude< i os t ream . h *

*1nclude*corno.ri>

void main()

It

int numfj- (56. 75.22,18 .90h
Int ~ptr;

Int 1;

ClrscrO;

tout ** "The array values are:\n"i

for(i*Qii<5j1++)

cout« r5um[ll<<
H
\n":

/* Initial 1 zing the base address of str to ptr */

ptr • numj

/* Printing the value In the array */

cout « "\nValue of ptr :
"« *ptr;

cout « "W;
ptr++ ;

C0<it« H \nV4l ut) of ptt++ l "«*ptr;

cout « "\n';

ptr—;

cout*<;
M \nValue of ptr-- :

"«mptr;

cout « h
\rr";

ptr=ptr+2;

(Contd)
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COut^VlYallW Of ptr4f ; "«'ptr;

COUt «
pt^ptr-I;

coot «"\nV*lu& of ptr-1: *« *ptr;

cout « m \n*;

ptr+*3; j?j±

cout«"\nVal ue of ptr+ r 3] "^^ptrj

ptr-=2;

cout « "\n";

coat«"\n Value of ptr--2: "«*ptr;

cout =< " \n*j

getch(>i

PROGRAM 9.3

Output of Program 9.3:

The arr^y values are:

56

75

22

18

90

Value of ptr 56

Value of ptr++ 75

Value of ptr-

-

56

Value of ptr+2 22

Value of ptr-1 75

Value of ptr+«3 90

Value of ptr— 2 22

Using Pointers with Arrays and Strings

Pointer is one of the efficient toola to access elements of an array. Pointers are useful to

allocate arrays dynamically, i,e, we can decide the array size at run time. To achieve this,

we use the function s„ namely mallocO and e allot- IJ which w« already discussed in

Chapter 3. Accessing an array with pointers in simpler than accessing the array index.

Id general, there are some differences between pointers and arrays- arrays refer to a
block ofmemory space, whereas pointers do net refer to any section nfmemory, The memory
addresses of arrays cannot be changed , whereas the content of the pointer variables, such

as the memory addresses that it refer to, can be changed.
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Even though there are subtle differences between pointers and arrays, they have a strong

relationship between them.

There i$ no error checking of array bounds in C++. Suppose wo declare an array of size

25. The compiler issues no warnings if we attempt to access 26th location. It is the

programmer's task to cheek the array limit*.

We can declare the pointers to array* as follows,:

Int *nptr*

nptr=numher,,

[0]

;

Or

npt renumber;

Here, nptr paints to the first element of the integer array, numberlO]. Alao, consider the

following example:

float *fptr;

fptr=pr1ce[C] i

Or

fptr=price;

Here, fpit points to the first element of the array of float, pricellO]. Let us consider an
example of using pointers to access an array of numbers and sum up the even numbers of

the array. Initially, we accept the count as an input to know the number of inputs from the

usior. We use pointer variable, ptr to acce-iH each element of the array, The inputs are checked

to identify the even numbers, Then the even numbers are added, and stored in the variable,

sum. IF there is no even number in the array, the output will! be 0. Program S-4 illustrates

how to access the array contents using pointers,

POINTERS WITH ARRAY'S

include <iostreain.h>

void main{J

(

int numbers [50] , * p t r

;

Int
;

cout « "\nEnter the ctRiniV;

cfn » n;

{Contdj
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cout « "\nEnter the numbers, one by ane\n";

for(i»0;i<n;i++J [gjflGS

cin » numbers [i];

/* Assigning the base iddrest of mnben to ptr mi ipiitfalizing.

the sun to 0*/

ptr (lumbers;

int suni'D;

/* Check out for even inputs Arrd sum up them*/

for(i*0j1<n;>++)

if (*ptr^2==0)

sum=?urt+*ptr;

ptr++;

cout « "\n\riSum of even numbers: ' « sun;

}

Output of Program 9.4:

Enter the count

5

Enter the numbers- one by one

10

16

23

45

Sum of even numbers.: 60

PRQGAAH <M

Arrays of Pointers

Similar to other variables, we can create an array of pointers in C++. The array of pointers

represent* a collet:! ion ofaddresses. By declaring array ofpointers, we can save a substantial

amount of memory space.

An array of pointers point to an array of data items. Each element of the pointer array

points to an item of the data array. Data items can be accessed either directly or by

dereferencing the elements of pointer array. We can reorganize the pointer elements without

affecting the data items.
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We can declare an array of pointers as follows:

1nt *1narray[l0];

TIils Statement declares an array nf 10 pointer*, e>fu:h itf which points to art integer. The
address of the first pointer iH inarraylOJ, and the second pointer is inarrayll], and the final

pointer points to inarray|9|. Before initializing, they point to some unknown values in the

memory space. We can use the pointer variable to refeT to some specific values, ProgT.^m 9.5

explains the implementation of array of pointers.

ARflAYS OF POINTERS

^include ^iostreair.h^

fine] ude ^onio.h 3-

^include <-str1ng,h>

^include <ctype.h>

void nainf)

1

int i=D;

char *ptr[lOJ =
(

"books",

"television",

"computer",

iports"

I:

Char str[25]

;

cout <^ "\n\ ,,\n\nEnter your favorite leisure Dursuitr "
i

cl rr » str;

for(1-0i i*4;

{

if(!Strcirp(str. *ptr[f"|))

{

cout « "\nVnT0iir {&vQT\te pursuit " « H
is avjilahl^ here"

« endl

;

creak;

I

fContd)
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iffi "4)

eout « F \n\nfour favorite " « u
not available here" « end];

getch{)
E

PROGRAM 9.S

Output of Program 9.5:

Enter yOur favorite lsi&ur* pursuit: books

four favorite pursuit is available here

Pointers and Strings

We have seen the usage of pointers with »n« dirn«nsiuriH.l array elementa. However
j,
pointers

are alnu efficient to access, two dimensional and multi-dimensional arraya in C++, There is a

definite relationship between arrays, and pointers. C++ also allows us to handle the special

kind of arrayis, i.e>. strings with pointers.

We know that a string is one dimensional array ofcharacters, which start with the index

0 and ends with the null character
lW in C++. A pointer variahle can access a string by

referring to its first charatrter. Ak we know, there are two ways to assign a value to a string.

We can use the character array or variable of type char *. Let uh consider the following

string declarations:

char num[] = 'cine';

const char *numptr* "one":

The first declaration create-H un array of four characters, which contains the characters^

V/nYeVW, whereas the second declaration generates a pointer variable, which points to

the first character,, i.e. 'o' ofthe string, There is numerous string handling functions available

in C++. All of these functions are available in the header file <c»tring>.

Program &,6 shows how to reverse a string using printers and arrays.

ACCESSING STRINGS USING POINTERS AND ARRAYS

ft/include «i ostream,h>

delude <5tring,h>

tfold tnair>()

(Gontdi
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char str[) = -T«t";

tnt Ten = strlen(atr)

;

forfTnt i-0; i*Ter>;

{

cout « str[ij « 1 [str] « *(str+1) « '(1+str);

]

cout « en<jl;

//String reverse

1nt lenH = len / 2;

len- -;

forf 1=0 i i<lenM; 1+*}

( .

str[i ] * str[i] + str[1en~i];

str[len-i] strfij - £tr[len-i];

str[l] = %tr[t] - str(len-1]i

)

cout << n The string reversed :
* str;

Output til Program 9.6:

TTTTeeees^stttt

The string reversed : tseT

PROGRAM 9.6

Pointers to Functions

Even though point*™ to Functions (or function pointers] are introduced in G, they are widely

used in C++ for dynamic binding, and event-based applications. The concept of painter to

function acts as a base for pointers to members, which we have discussed in Chapter 5.

The pointer to function is known as callback function. We can use these function pointers

to refer to a function. Using function pointers, we can allow a C++ program to select a

function dynamically at run time, We can also pass a function as an argument to another

function. Here, the function is passed as a pointer. The Function pointers cannot be

dereferenced- C++ also a (lows us to compare two Function pointers.

C++ provides two types offund ion pointers; function pointers that point to static member
fund ions nnr] 'urn l ino noinl it* 1 hjit noim "o r.on-sUitir member fiii -cl ions. 'I li«-s(- 1 v-'u fitiicl Lou

pointers arc incompatible with each other. The function pointers that point to the non-static

member function requires hidden argument.
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Like other variables, we can declare a function pointer in C++. It takes the following form:

dat a_ type ( * funet forename] ( ) ; i

As we know, the data_type is any valid data types used in C++. The function_name is the

name of a function, which must be preceded by an asterisk f*). The function_name is any

valid name of the funcLLon.

Example:

int (*rnm_fur}ctionfint x));

Jicirsember that declaring a pointer only creates a pointer, h does not create actual function.

For thin, we must define the task, which is to be performed by the function. The function

must have the same return type and arguments. Program 9.7 explains how to declare and
define function pointers in C++.

P01NTIRS TO FUNCTIONS

i include <iostreajii,h>

typedef void {'FynPtr) (:nt, int);

void Add{int i ,. int j)

tout « i « " * " « j « ' " " « i - j;

void Subtract (int i, int j)

cout « i « " - " « j « " = * « i - j;

void mainO

FunPtr ptr-,,

ptr = &Add;

ptr-(l t 2);

co-ut « endl i

ptr - iSubtractf

ptr(3,2);

}

PftOCftAH 9-7
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Output ofProgram 9.7:

1 + 2-3

3-2-1

|93 Pointers to Objects

We have already seen how to use pointers to access the class members, As stated earlier, a

pointer can point to an object created by a class. Consider the following statement:

item x;

whert? item is a class and x is an object defined to be of type item. Similarly we can define a

pointer it_ptr of type item as follows:

item *it_ptr;

Object pointers H n ' usMfol in mailing object n1 run I inn-. We can alfift use ftn ohjfrnl

pointer to access* the public members of an object. Conturier a class item defined as follows:

class, item

[

1 nt code;

float pHce;
publ ic:

void getdata(int a* *1oat b}

(

code a;

price b;

!

void showfvoid)

I

cout « "Code :
" « code ** "\n"j

« "Price; " « price « *\ci\rT;

}

I;

Let us declare an item variable at and a pointer ptr to x *a follows:

item s;

item *ptr = &*;
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The pointer ptr is initialized with the address of i.

We can refer to the member functions *T item in two wajs h one by using the dot operator

and the object, and another by using the arrow operator and the object pointer. The statements

x,getdata(lQ0.75.50h

are equivalent to

ptr->getdata(10C, 75.50);

ptp-=-show()

;

Since "ptr is an alias of i, we can also use the following method:

(*ptr) . 5how{ )

:

The parentheses are necessary buejuiHe the dnt operator huH higher precedence than the

indirection operator \

We can also create the objects using pointers am] new operator as follows:

item *ptr * nvn item;

This statement allocates enough memory for the data members in the object structure

and assigns the address of the memory space to ptr, Then ptr can be used to refer to the

members as shown below;

ptr -> show(J

If a class has a constructor with arguments and does not include an empty constructor,,

then we must supply the arguments when the object is created,

We can also create an array of objects using pointprs. b\\r exam oh-, the statement

item *ptr = new 1tem[10]i // array of iO objects

creates memory space for an array of 10 objects of item. Hemember, in such cases, if the

class contains constructors^ it must also contain an empty constructor.

Program illustrate the u5!e of pointers toobjects-
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|

POINTERS TO OBJECTS

* Include M05treatn>

using namespace std;

class item

I

int. code;

float price;

public;

void getdatafint a, float b)

(

code -a;
price • b't

1

void shoiwfvoid)

\

cout « "Code :
H « code « "\n"i

cout « "Price; " « price *K "\fi
H
j

I

J;

const 1 nt size - 2;

int mainO

[

Item *p * new item [size];

item *d • p;

int x., i;

float y;

for{l-0; f<size;

I

cout *< "Input cade and price for item" «
cin » x yi

p->getdata(x,y);

p++:

\

far{i-Q; i*size; i++)

(

cout « "Item;" « t+1 « "Vt";

(Cantd)
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d++;

}

return 0;

\

PROGRAM *.&

The output ofProRram 9,8 will be:

Input code and price for iteml 40 5-OG

Input code and price for itent£ 50

I temj 1

Code : 40

Price: 500

Itmd
Code : 50

Price: E00

In Program 9.8 we created space dynamically for two objects of equal size. But this may
not be the case always. For example, the objects of a class that contain character strings

would not be of the same size. In such cases, we can define an array of pointers to objects

that can be used to access the individual objects. This is illustrated in Program 0.9.

OF POINTERS TO OBJECTS

include <i ostream>

include ^cstrintp

using namespace std;

class citj

\

protected:

chjr 'name

i

int len;

puhl k:
cityO

len = 0:

name = new Cfiar[l£n+]]
;

(Contdt
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i

void getrtaine(vo1d}

I

char H-t
s - ne* char [3D];

cout « "Enter city niiKi";

ci n » j;

1 en = s t r 1 en fz ) ; £
name m new char [1 en + l]

;

strcpy(name, s);

void prlntnairif [vpid)

cout « name « \np
f"."!

}
;.

: -.-""
,V

; i1 '

int nw1n(}

!

C1 1> *cptr[10]i // arhsy Of IQ painters to cities

f nt n * lj

Int option
i

', •

r . "T,

!

do

i

cpt r[n] = new city: // erecte ne* cit/

c ptr [n] -*get n aipe ( J

;

n++;

cout « "Co you want to enter one more n-apie?\Ti" *

cout « "(Enter 1 for yes 0 for no):
H

:

cin » option;

> ,." . : • \;

while (opt ion); •

forUnt i«I; 1<-n;

cptr[1]-»pr1ntna.<ne(}

;

return (\i

PROGRAM 9,9
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The output of Program 9.9 would he:

Enter city name: Hyderabad

Do you want to enter one more name?

{ Enter 1 far yes D for nnj j

p
l

Enter city name: Sec undera bad

Do you want to enter one more name?

{Enter 1 for yes 0 for no) ; 1

Enter cfty name: Hal kajgi n
Do yog want to enter one more name?

(Enter 1 for yes 0 for nohO

Hyderabad

Seconders bad

Malkajgi ri

ft

9A this Pointer

C++ lifltfh a unique keyword called this U» represent art object that invokes k mrab«r function,

this is a pointer that points to the object far which this function was called. For example,

the function A.maxO will set the pointer this to the .sddrees oftheohject A. The starting

(address is the y&me *n the address of 1 h h larsl v.;ari.;jhli' in ihe structure

This unique pointer is automatically passed to a member function when it is called, The
pointer this acts as an implicit argument to all the member functions*. Consider the following

simple example:

class ABC

int a;

I;

The private variableV Can be used directly inside a member function, like

a = 1E3;

Wa can also use the following statement to do the same job:

this->a - 123:

Since C++ permits the use of shorthand form a = 123 h we have not been using the pointer

this explicitly so far r However, we have been implicitly using the pointer this when
overloading the operators using member function.
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Recall, that, whan, a binary operator in overloaded uaLng a member function, we pass only

one argument ta the function. The other argument is implicitly passed using the pointer

this. One important application of the pointer this is to return the object it points to. For

example, the statement

return *thisj

inside a member function will return I be object that invoked the function. This statement

assumes importance when we want tocompare two or more objects inside a member function

and return the invoking object as a result, Example;

person & person greater(person & x)

{

if x.age > age

return x; // argument object

else

return *thts: // invoking object

)

Suppose we invoke this function by the call

nsax A.oreater(B)^

The function will return the object B i argument object) if the age of the person B is

greater than that of A, otherwise, it will return the object A ("invoking object) uning the

pointer this. Remember, the dereference operator * produced the contents at the* mhire-Kx

contained in the pointer. A complete program to illustrate the use of this i& given in

Program 9.10.

this POINTER

rinclu.de est ream1

include <cstring>

using naavejpace *td

j

class person

1

char name [20];

float age;

public^

person(char *s, float a)

I

(Contd)
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strtpy [nime, s)j

age - a;

person I person :: great erfperson & x)

iffx.aqe age)

return *i

els*

return *t hi s

:

void di -spl cl)

I

cout "Name: " name « 'Vft'

"Age:
h « age « H \n*;

h

int mainf)

person PlCJohn", 37.50).

PSCHebtxr", 40.Z5}i

person P = PI .yrea.ter(P3);

cout « "Elder serson fS: \n";

P.oi'spTdji'd;

P - PI, greater (P?)

;

cout « "Elder person ia; Vn";

// P3.greater(Pl)

// P2,gr#ater{Pl)

return 0i

The output of Program &.10 would be:

PROGRAM 9.10

Elder person is;

Name: Hebber

Age: 40,25

Elder person is;

Name: John

Age: 37,5
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Pointers to Derived Classes

• 273

We can use pointers not only to the base objects but also to the objects of derived classes.

Pointers; to Objects. Of A bane claap are typ»p-cnmpat iblp with pointem to objects of a derived

clfl pp . Therpfrirf*. a si tipl*1 iwi intfr vari ahl^ ran fci ms^l^ i/i rwvi p ( to ohjfY**: helnncinp: tn different

classes. For example, if B t& a b&av clans and D is a derived claw from B, then a pointer

declared as a pointer to B tan also be a pointer to D- Consider the Following declarations

B *COtr; // pointer to closs S type variable

R t>; //base object

Q <J; // derived object

cptr = Ab; // cptr potaf* to oWecf b

We can make cptt* to point to the object d as follows;

cptr id; // cptr points to object d

This is perfectly valid with C++ because d is an abject derived from the class B.

However, there is a problem is using cptr to access the public members of the derived

class D. Using Cptr, we can access only those members which are inherited from B and not

the members that originally belong to D. In case a member of0 has the same name as one
ofthe members of B, then any reference to that member by cptr will always access the base

class member.

Although C++ permits a base pointer to point to any object derived from that base, the
painter cannot be directly used to access all the members of the derived clasa r We may have
to use another pointer declared as painter to the derived type-

Program 9.11 illustrates how pointers to a derived object are used.

POWERS TO DERIVED OBJECTS

^include *iostream*

using namespace std;

cl ass BC

\

publ ic:

int b;

void $how{)

\ cout « "b - " « b « u
\n"?}

};

(Contdf
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cl«s DC ; public DC

1

pub 1 1 C :

int dj

void sho*()

{ cout "b ' h « *\n"

« "d = » « d « n
\n";

int main()

{

// base painter

If base address

BC *bptr;

BC base;

bptr - Abase;

bptr-*b "100; // access BC via base pointer

cout « "bptr points to base object \n M
;

bptr -> show();

// derived class

DC derived

:

bptr - ^derived; // address of derived object
bptr -> b ZOO; // access DC via base pointer

i* bptr -» d - 300;*/ JJ won't work

cout « "bptr nw points to derived object \n*;

bptr -> show(); // bptr now points to derived object

/* accessing d using a pointer of type derived class DC */

DC *dptr;

dptr = Rderi ved;

dptr->d - 300;

// derived type pointer

cout « "dptr is derived type pointer\n
M

;

dptr sho.*()

;

COut « "using ((DC *)bptr)\np
s

[(DC MbptrJ -> d - 4M;
[ [DC *)bptr} shnr();

return 0;

9.11

Copyrighted material



Pointers, Virtual Functions and Polymorphism #275

Program 3.11 produces the following output:

bptr pointi bASE object

a = J00

bptr now points to derived object

b = 200

dptr is derived type pointer

b - 200

d - 30D

using ((DC *)bptr)

b = 200

d - 400

We have used the statement

bpt r -> shcwO ;

two times, First, when bptr points to the base object, and second when bptr is made to

point to the derived object, But, both the times, it executed BC::show(l function and
displayed the content of the base object. However, the statements

dptr -> showO

;

f (DC *) bptr) show(); // cast bptr to DC type

display the contents ofthe derived object. This shows that,, although a base pointer can

be made to point to any number of derived objects, it cannot directly access the members
defined by a derived class.

1 9 .6 Virtual Functions

As mentioned Earlier, polymorphism refers to the property by which object* belonging to

different classeH are able to respond to the same message, but in different Forms. An essential

requirement of polymorphism in therefore the ability to refer to objects without any regard
to Lhi.n -

1-
1 ;l,- This necesHiUiltis the uhu of a single pointer variable to refer to the objects

of different cl asses. Here, we use the pointer to base class to refer to all the derived, objects.

But, we just discovered that a base pointer, even when it is made to contain the address of

a deri%,ed class, always executes the function in the base class. The compiler simply ignores

the contents of the pointer and chooses the member function that matches the type of the

pointer. How do we then achieve polymorphism?. It is achieved using what is known as

virtual' functions.
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When we use the some Function name in both the base and derived classes, the function

in. base class is declared an virtual using the keyword virtual preceding its norma]
declaration, When a function is made virtual, C++ determines which function to use at run

time based on the type of object pointed to by the base pointer, rather than the type of the
pointer. Thus L by makfTifi" t.h^ Ivuse pointer to point to diPFere,nl object-^ we can execute

difff-r^fll vrn-sirins ril'tri*1 virtual function. Prnprnm B, \2 illoetmtw thi^ jKiint.

VIRTUAL FUNCTIONS

Hi include <i05tr«*m>

using namespace std;

class Base

mm
public:

void display!) kout <* "\n Display base ";}

virtual void show!) (cout « H
\n show base";}

k
class Derived : public Base

{

publ ic:

void display!) {cout « "\n display derived";

J

void lhow() (cout « "\n show derived";)

int mainO

Base 6;

Derived D;

Base ''bptr;

cout « *\n bptr points to Base \n*-t

bptr - IB;

r -> display!) j // calls Base version

r -> showf); // calls Base version

cout « "\n\n bptr points to Derived\n";

bptr - iD;

bptr -» dfsplayO: // calls Base version

bptr -> showQ; // calls Derived version

return 0;

PROGRAM 9,12
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The output of Program 0.12 would be:

bptr paint 5 to Base

Display base

Show base

bptr points to Derived

01 splay base

Show derived

note

When bptr is made to point to the object D 3 the statement

bptr -> display():

calls only the function associated with Uu* Base • i.i- Base :: display! •
. <\ hvivas the

statement

r -> shewf):

csIIr th*^ Derived version of show (J.

been made virtual in ihu Base cIrkk.

This is because the Function displayO has not

/

medls t

One important puiril to remember is that,w niMst aecu-s virtual function? through the

use of a pointer declar«[l as a jm-inter to the base class. Why can't we use the object name
(with the dot- operator) the ^amo way as any other member function to call the virtual

functions?. We can,, but remember, run time polymorphism is achieved only when a virtual

function is accessed through a pointer to the base class.

Let us take an example where

virtual functions are imple-

mented in practice. Consider a

book shop which sells both hooks

and vidoo-lapca. We cun create a

class known as media that stores

the title and price of a publication.

We can then create two dE»riv«-d

classes, one for storing the num-
ber of pages in a book and another

for storing the playing time of a

tape. Figure 9.2 shows the class

hierarchy for the book shop.

book tape

Fig. 9.2 <=> Tlte class hittarduffor the bock shnp
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The classes are implemented in Program 9.13. A function display! i is used in atl the

classes to display the class contents. Notice that the function display! > has been declared

virtual in media, the base class.

In the main program we create a heterogeneous list of pointers of type media as shown
below:

media *list[2] *
{ &bookl, atapel)

;

The base pointers list[0] and list[l] are initialized with the addresses of objects bookl
and tape I respectively.

(HJNT IMF POJ YMIMPHI^

# •••: 'u-3? <iostream>

include «cstring>

using namespace std;

class media

I

protected

;

char title [50];

float price;

public:

media(ctiar *&
h float a)

f

strcpy(tUl&, sj;

price - a;

J

virtual void di splay() { } // empty virtual function

class book; public media

int pages;

bookfehar *&, float a, int p) :iredia(s,a)

I

page? = p;

}

void diSpUyt);

};

(Contd)
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class tape tpublic media

<

float time;

public;

tape(char * s, float a t float t):red1a(s» a)

t

time = U
1

void display^:

J:

void book :s displayO

cout « "\n Title: « title;

tout « *\n Pages: " pages;

cout « '\n Price: " « price;

veld tape displayO

cout « M
\n Tit let " « ti 1

1

e ;

cout « '\n play time: « tine « mins";

cout « N
\n price:

H « price;

int mainQ

{

char * title - new char [30];

float price, time;

int pages;

// floolt details

cout « "\n ENTER BOOK 0ETMLS\n\
cout « " Title;"; cfn » title;

cout « 1 Price: "; c1n » pr1«j
cout « " Pages s c1n » pagesj

Pooh beokl (title, pr 1 c#, pages);

// Tape details

cout « "\n EUTEP TAPE DETAILS"

;

cout « Title; ; cIti » titles

cout « " Price: "i cln » price;

cout «=*; * Play time (mins): "j do » time;

('until'
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tape Upel[t1t1e» price* tine);

rnedi a* list [2];

ltst[0] - Lbookl;

list[l] - itapelt

ccut « "\n HEDtA DETAILS';

ccut « "\n irf^jwdBfe.";

ltst[0) *> dtsplayO;// display book details

COUt « "\n TAPE.

11st [1] -> display!);// display tape details

result Oi

The Output ofProgram woultt be:

ENTER BOOK DETAILS

Title: Prcgra<rmi ng_ i n_*.N$ I_C

Price: 88

Pages: 400

ENTER TAPE DETAILS

Title: Comput i ng_Concepts

Price; 90

Play time {mi ns} : 55

MEDIA DETAILS

...... BOOK. .....

Title: P rogranroi ng_i n_ANS
I
_C

Pages r 400

Price: 86

* * * * i TAPE ii H 4

1

T1 1 1 e : Co<np u t i ng_Con cept &

Play time: 55mins

Price: 90

PROGRAM 9.13

Roles for Virtual Functions

When virtual functions are created for implementing late binding, we should, observe some
basic rules that satisfy the compiler requirempnis:
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1. The virtual functions must be members of some class,

2. They cannot be static members.

3. They are accessed by using object pointers.

4. A virtual function can be a friend of another class.

5. A virtual function in a base class must be defined, even though it nay not be

used.

6. The prototypes of the base class version of a virtual function and all the derived

class versions must bo identical. If two functions with the same name have differ-

ent prototypes, C++ considers them, as overloaded functions, and the virtual func-

tion mechanism is ignored,

7. We cannot have virtual constructors, but we can have virtual destructors.

8. While a ba*n ] Hunter can point to any type of the derived object, the reverse is not

true. That is to say, we cannot use a pointer to a derived class to access an object of

the base type.

9. When a base pointer points to a derived class, incrementing: or decrementing it will

not make it to point to the next object of the derived class. It is incremented or

decremented only relative to its base type . Therefore, we should not use this method
to move the pointer to the next object,

10, [fa virtual function is defined in the base class, it need not be necessarily redefined

in the derived class, Jo such eases
t
calls will invoke the base function.

It is normal practice to declare a function virtual inside the base class and redefine it in the

derived classes. The function inside the base class is seldom used for performing any task. It

only serves as a placeholder. For example, we have not defined any object ofclass media and
therefore the function displnyO in the base class has been defined 'empty 1

. Such functions

are called "do-nothing" functions.

A "do-nothing" function may I>h defined an follows:

virtual void d"5olay{) - 0;

Such functions arc called pare virtual functions. A pure virtual: function is a function

declared in a base class that has no definition relative to the base class. In such cases, the

compiler requires each derived class to either define the function or redeclare it as a pure

virtual function. Remember that a class containing pure virtual functions cannot be used to

declare any objects of its own. As stated earlier, such classes are called abstract base classes .

The main objective of an abstract base class is to provide some traits to the derived classes

and to create a bnse pointer required for achieving run time polymorphism.

Pure Virtual Functions
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SUMMARY

to Polymorphism riimply means one name having multiple forms.

to "There art two types of polymorphism, namely, compile lime polymorphism and run

time polymorphism.

to Functions and operators overloading are examples of compile time polymorphism, The

overloaded member functions are selected for invoking by matching arguments, both

type and number. The compiler knows this information at the compile time and,

therefore, compiler is able to select the appropriate function for a particular c«ll at the

compile time itself. This is called early or static binding ut static linking, it means that

an object is bound to its function call at compile time.

to In run time polymorphism, an appropriate member function in selected w h ile Lhe program

is running. C++ supports run time polymorphism with the help of virtual functions. It

is called late ordynamic binding because the appropriate function is selected dynamically

at run time. Dynamic binding requires use of pointers to objects and is one of the

powerful features of C++-

to Object pointers are useful in creating objects at run time. It can be used to access the

public members of an object, along with an arrow operator.

to A this [ mi nter refers toan object that currently invokes a member function. For example,

the function call lkIiqw( } will set the pointer 'this' lo thy: address of the object 'a'.

to Pointers to objects of a haee claw type are compatible with [jointers to objects of n

derived class Therefore, we can use a single pointer variable to point to objects of base

class as wall as derived classes.

to When a function is made virtual, C++ determines which function to use at run time

based on the type of object pointed to by the base pointer h rather than the type of the

pointer. By making the base pointer to point to different objects, we can exet-ute different

versions of the virtual function.

to Run time polymorphism is achieved only when a virtual function is accessed through

a pointer to the base class. It cannot be achieved using object name along with the dot

operator to access virtual function,

O We can have virtual destmctorH but not virtual constructors.

to If a virtual function I5 defined in the base class, it need not be nen-.-; airily redefined in

the derived class. In such cases, the respective calls will invoke the base class function.

to A virtual function* equated to zero is called a pure virtual function. It is a function

declared in a base class that lias no definition relative to the base class. A class containing

such pure function is called an abstract class.
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Key Terms

> Jj Wn ji. h pi nan jilMna Ci.j9 r ]flVrJK.II1^ ODjtKrL

> no Li m&a ol opE.'ralur
W# late binding

ww at |J Liint'JiL uojOcl Wr new operator

> arr<i\-s in jhi inters > Null pointers

> arrow operator Vr object pointer

batie addne&s J*
J T J"operator overloading

base object placeholder

base pointer v
r:l its

call back function pointer antrimcti-c

> class hierarchy w pointers to functions

compile time 1
T_ p

polymorphism
vW compile time polymorphism

. i r i

pure virtual function

dereference operator run time

> run time polymorphism

do-notmng function > Htatac binding

> dot operator static linking

> dynamic binding this pointer

> early binding' virtual constructors

> function overloading > virtual destructors

> faction pointed virtual function

> Implicit argument > void pointers

> indirection operator

|
Review Questions

9.1 What dw» polymorphism mean in C++ language?

%.2 How is polymorphism achieved at (a) compile time, and (b) run time ?

9.3 Discuss the different ways by which we can access public member functions ofan

object,,

9.4 Explain, with an example, how you would create space for an array of objectn

using pointers,

9.5 What does this pointer point to?
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9.6 What are the applications of thin painter?

9J What is a virtual function?

9.8 Why do we need virtual functions ?

9.9 When, do we make a virtu <ii f 'u nation "pure "? What are the implications ofmaking
a function a pure virtual function!

9.10 State which of the following statements arc TRUE or FALSE,

(a) Virtual functions are used to create pointers to base classes.

(b) Virtual functions allow m to use the same function call to invoke member
functions of objects of different classes,

ic) A pointer to a hose class cannot be made to point to objects of derived claw.

Ed} thi* pointer points to the object that is currently used to invoke a function.

fe> this pointer can be used like any other pointer to access the members of the

object it painta to.

if) this pointer Can he made tv point to any object by aligning the address of

the object.

(g) Pure virtual functions force the programmer to redefine the virtual function

inside the derived classes.

|
Debugging Exercises

9.1 Identify the error in the following program.

I include <1ostrMm,h>

class Info

\

char *name;

1nt number
j

publ ict

void

I

I

void

{

}

u

qett'-tfoO

cout ** 'Info^getlnfo ":

getNaneO

:

g§tName()

cout « "Info; :get-N*n» "j
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class Name: publ ic [rifo

(

char "name;

publ i c

:

void getflamef)

{

cout 'Name :
]
getName

}

);

void main()

I

Info *p;

Name

P = n;

p-*getlnfc0

;

)

f*

Identify the error in the following program.

(include ^iostream.h*

class Person

[

int age;

public:

Person f

J

j

\

Person{int age)

I

this. age • age;

)

Perscni operator < (PeriOn ip)

{

return age * p. age 7 p? *this;

}
-

int getAgeO

\

return agei
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)

li

Void main ()

(

Psrson PI (IB);

Person '*2 (11) j

//if pi is less than p2

(jj = pi < p2; pi, lessthan{p2)

cout « p3<getAge.O;

r
9.3 Identify the error in the following program.

# include iostream.h"

class Human

\

public;

Human (

)

[

\

virtual -Human (J

{

cout « "Human: : -Human";

}

li

class Student: public Human

public:

Student ()

{

}

~Student f)

{

«ut « "Student;;"Student()*&

i
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}:

void

^

Human *H = nw Student ()

;

delete ttf

)

Correct the errors in the following program.

class test

[

private;

int m;

public:

void yetdata(J

{

cout « p Enter number:";

Cin » m;

}

void dlsplayf)

{

cout « mj

I

h

nir>in()

!

test T;

T->getdata();

T->displ ay ();

test *p;

p * new testj

p.getdataO;

(*p) rdUplayQ;
}

Debug and run the following program. What will be the output?

finclude <i ostrean. h>

class A

[

protected:
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int a,b;

A(int x * 0, int y}

{

a x;

h = y:

}

virtual void print()

;

):

class B: public; A

{

private

:

float p*q;
putal ic:

B(int ni, int r». float u. float v}

\

P - Hi

q • VI

I

B(} {p - q - 0;[

wgi'd inpgt(flpst V* float v};

virtual void print (float);

void A: sprint (void)

cout « A values: « a b «"\n";

void B: sprint (float)

cout <:<fi values u <*"<«; v «"\n";

void B: : input (float x, float y)

(

P

q - y:

}

nwin>()

{

A al( 10,20) » *ptr E

5 bit

bl.input(7.5.3.1*2);

ptr = &al;

ptr->print()

;

ptr fibl;

ptr->print()

;

1
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Programming Exercises

9. 1 Create a base class called shape Use this class to store two double type value*

that Could be used to compute the area offigurex. Derive two specific Clausen called

triangle and rectangle from the base shape. Add to the base class, a member
function g&t_data() to initialize base class data members and another member
function display_arra() to compute and display the area of figures. Make
display_areaO as a virtual function and redefine this function in the derived

classes to suit their requirements.

Using these three classes, design a program that will accept dimensions ofa triangle

or a rectangle interactively, and display the ana*

Remember the tuw values given ax input wilt be treated as lengths of two sides in

the case of rectangles, and ax bane and height in the case of triangles, and used as

follows:

Area of rectangle - x * y

Area of triangle - 1/Z * x *
y

9.2 Extend the above program to display the area of circlet;. This requires addition of

a new derived class circle' that computes the area ofa circle. Remember, for a

circle we need only on* value r its radius, but the getjiataf) function in the base

class requires two values to be passed. (Hint: Make the second argument of

getjdatat/ function as a default one with zero valueJ

9.3 Run the above prrtgram with the following modifications:

{a) Remove the definition of display_areet{) from one of the derived classes.

\b> In addition to the above change, declare the di*pUty_areaO as virtual in

the buxe class shape.

Comment on the output in each case.
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I/O Operations

|Khl^Introd tic ikin

Every program takes some data as input

and generates processed data as output
following thf! fkmilirir inpul -proci^KH-oul pul

cycle. It is, therefore, essential to know how
tci provide the input data and hew to

present the results in a desired form. We
have, in the earlier chapters

t
used cin and

cout with the operators» and << for the

input and output operations. But we have
not so far discussed as to how to control

theway the output is printed. C++ supports

« rich set of T/O fi]ncti»nH unci operations

to do this. Since these functions use the

advanced features ofC++ (such as classes,

derived classes and virtual functions)^ we
need to know a lot about them before really

implementing the C++ I/O operations.

Remember, C++ supports all ofC's rich set of I/O functions. We can use any ofthem in the

C++ programs. But we restrained from using them due to two reasons. First, I/O methods in

C++ support the concepts ofOOP and secondly, I/O methods in C cannot handle the user-

defined data types such as class objects.

Key Concepts

> Streams

> Stream classes

> Unformatted output

> Character-oriented input/output

> Line-oriented input/output

> Formatted output

> Formatting functions

> FormattinK flags

> Manipulator

> User-defined manipulators
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C++ u«?s the concept of stream and stream classes to implement its I/O operations with

the console and disk files, We will discuss in this chapter, how stream classes support the

console- oriented input-output operations. File-oriented I/O operations wil] foo- di^ufscd in

the next chapter.

[l0,2 C+ + Streams

The I/O system in C++ is designed towork with a wide variety ofdevices including terminal*,

disks, and tape drives. Although each <1e>vh:e> i* wry different, the I/O system supplies an
interface to the programmer that is independent of the actual device being accessed. This

interface is known as stream.

A stream 1$ a sequence of bytes. It acts either as a source from which the input data can

be obtained or as a destination to which the output data can be sent. The source stream that

provide data to thtt program is called the input stream and the destination Rtream that

receives output from the program is called the output stream. In other words, a program
extracts the byte* from an input stream and inserts bytes into an output stream as illustrated

in Fis. 10J.

Input

device 1
attraction

From inpul

Program

Output

device

insertion

into output

v ir (^n

Fig. 10.1 <=> Data at reams

The data in the input stream can come from the keyboard or any other storage device,

Similarly, the data in the output stream can go to the screen or any other storage device. As
mentioned earlier,, a stream acts as an interface between the program and the input/output

device. 'IT-- 1*.- 1We- a C + + program handles data (input or uulpul) independent of ihu dWicus

used.

C++ contains several pre-defined streams that are automatically opened when a program
begins its execution. These include cin and cout which have been used very often in our

earlier programs. We know that cin represents the input stream connected to the standard

input device (usually the keyboard) and cout represents the output stream connected to the

standard output device (usually the screen). Note that the keyboard and the screen are

default options. We can redirect streams to other devices or files, if necessary.
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1 10.3 C+ + Stream Classes

The C++ I/O system contains a hierarchy of classes that arc used to define various streams

to deal with both the console and disk files, These classes are culled stream cltixneH.

Figure 10,2 shows the hierarchy of the stream classes used for input and output operations

with the console unit. These chiasms are declared in the header file iostream. This file shim Id

be included in all the programs that communicate with the console unit.

Istream

input

pointer

slrea/nbuf

r

ourpu!

i5trBain_wii^a55ign nj5L-Mm_wilha«i9n i:V-im- wilf.ijssifln

Fig. 10J. Stream classes fitr console I/O operations

As seen in the Fig. 10.2, ios is the base class for istream (input stream) and ostream
(output strttumi which un\ in turn, base classes (or iosln-uiri (input/output stream.*. The
class ios is declared as the virtual base class so that only one copy of its members are

inherited by the lostream.

The cIhsh inn provides thp basic support fur Formatted and unformatted I/O operations.

The class istream provides the facilities for formatted and unformatted input while the

class ostream ; through inheritance) provides the facilities for formatted output. The class

ioatream provides the facilities for handling both input and output streams. Three classes,

namely, istream.withassign ostream_with assign, and iostream_witriHwsign arid

assignment operators to these classes. Table 10.1 gives the details of'thc^u classes.

1 10.4 Unformatted IQ Operations

Overloaded Operators > > and < <

Wo have used the objects cin and cout (pre-defined in the iastmam file) for the input and

output of data of various types. This has been made possible by overloading the operators

>> and «; to recognize all the basic C++ types. The » operator is overloaded in the
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Table 1D.1 Stream classes for console operations

Close name

lH
(General input/output stream claim)

istream.

(input stream)

o*tream
(output stream)

lostream
(input/output stream I

stream buf

Content*

Contain* bask facilities Hut an used by all other

input and output classes

Also contains a pointer to a buffer object (atn&mbuf
object)

Declares constants and functions that are necessary

for handling formatted input and output Derations

Inherits the properties of \oa

Bee] ore? input functions such as fat<}f g*ULneO
and readO
Contains overloaded extraction operator »
Inherits the properties of ios

Declarer output fanctions putt) and write* t

Contains overloaded iuBortion operator

inherits the properties of ios Utream and ortraun
through muJtipLp inheritance and thun contains all

the input and output functions

Provides an interface to physical devices through

buffers

Acts as a base for filebuf class used ios files

{.stream class and <£<£ is overloaded in the *rtream rlass, The following is the general

format for reading data from the keyboard:

dn » vaHablel » variably » » variables

variable 1, variables, ... are valid C++ variable names that have been declared already. This

statement will cause the computer to stop the execution and look for input data from the

keyboard. The input data for this statement would be:

dotal dotai * a + t- dataft

The input data are separated by white spaces and should match the type of variable in

the cin list. Spacfs, newlinen ami tabs will be skipped-

The operator >> reads the data character by character and assigns it to the indicated

location. The reading for a variable will be terminated at the encounter of a white space or a
character that does not match the destination type. For example, consider the following code:

ifit code;

cifi » code;

Suppose the following data is given as input:
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The operator wUl road the characters opto 8 and the value 4258 is assigned to code. The
character D remains in the input stream and will he input to the next cin statement. The
general form for displaying data on the screen is:

cout« iteml « item2« „„«UernN

The items itetn 1 through itemN may be variables or constants of any basic type. We have

used such statements in a number of examples illustrated in previous chapters.

put() and £!.'(() Functions

The classes istream and ostream define two member functions get< .' and put< i respectively

to handle the single character input/output operations. There are two types ofg«tf) functions.

We can use both gettefrlW *) &nd get(vtiid) prototype-H U> fVteh » chemcter including the

blank apace, tab and the newline character. The get(chnr "J version assigns the input

character to its argument and the get(void) version returns the input character.

Since these functions arc members of the input/output stream classes, we must invoke

them using an appropriate object

Example:

ch*r <
;

ein.get(c); // get a character from keyboard

// and assign it fa c

whiWc != \n')

(

cout «. c; // display the character on screen

cin.get{c)
; // get another character

}

This code reads and displays a line oftext (terminated by a newline character). Remember,
the operator » can also be used to read a character but it will skip the white spaces and
newline character. The above while loop will not work properly if the statement

cin » cj

is used in place of

ci n .get fc)

;

note>

1 Try using both ofthem and compare the results,
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The get(void) wreion lh uand m fa\hm»:

char c;

c cin.get(); // cin.get(c); replaced

fa + + d 1

The value returned by the function gett.) is assigned to the variable c_

The function puti '\ a member of ostream class, can be used to output a Line of text,,

character by character, For example,

cout.put('x' );

display the chatter i and

cout.put(ch);

displays the value of variable ch.

The variable eh must contain a character val ue. We can also use a number as an argument

to thee function puti ). For example,

cout .put (66]

;

displays the character I). This statement will convert the int value 68 to a char value and

display the character whose ASCII value is 63.

The following segment ofa program reads a line oftext from the keyboard and displays it

on the screen.

char c:

eiruoet(c); // read o character

whllefe t=
1

H
n

J

I

cout,put(c)i // display the character on screen

clruoet (c)i

}

Program 10.1 illustrates the use of these two character handling functions.
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CHABACfER T/0 WITH getO AND ptit()

^include <fo5tream>

ms i n9 namespace itd;

int main()

{

int count
char c;

0:

cout « MNPUT TEX7\n":

cin.get(c);

whilefc 1= '\n'}

I

cout. put (c)j

count++;

dn.get(c);

I

cout « "AnNumher of characters

return 0;

Input

Object Oriented Programming

Output

Object Oriented Programing

Number of characters - 27

« count « m\nm
\

PWOKSRAM 10.

1

When we type a line of input, the text is sent to the program an soon an we pre-sn the

RETURN key. The program then reads one character at a time using the statement

cin.getlc); and displays it using the statement cout*put(c);+ The process is terminated

when the newline character is encountered,

getltne() and writeQ Functions

We can read and display a line of text more efficiently using the line-oriented input/output

functions getlinei > and write! ). The getJi net) function reads a whole line of text that endn

with a newline character (transmitted by the RETURN keyV This function can be invoked

by using the object cin as follows:
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dn.gitl Ine (line, siiejj

This function ca.ll invokes the function getlineO which reads character input into the

variable line, The reading is terminated as soon as cither the newlinfe character
L

\n' is

encountered or size-1 characters htv rnad (whichever occurs first). The newline character is

read but not saved. Instead^ il is replaced by the null character. For example, consider the

following mdu:

char name [20]

;

ein.getl ine(riame, 20);

Assume that we have given the following input through the keyboard:

Bjarne Stroustrup <pre&& RETURN*

Ttiirf input will be read correctly and assigned to the character arrayname- Let us suppose

the input is as follows:

Object Oriented Programming «press RETURN *

In this case-, the input will be terminated after reading the following 19 characters:

Object Oriented Pro

Remember, the two blank spaces contained in the string are also taken into account.

Wh can al.srt read strings using the operator» as follows:

ctn » name;

But remember cin can read strings that do not contain white spaces. This means that

cin can read just one word and not a series of words such as "Bjarne Stroustrup". But it can

reud the following string correctly:

Bjarne_Stroustrup

Aft or reading the string, cin automatically adds the terminating null character to the

character array.

Program 10.2 demonstrates the use oi » and getlingQ for reading the strings.

M SfHiHGS WITH getllncO

I Include <iastream>

using namespace std;

(CenkU
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mt mainf)

i nt size - 20;

char c>ty[2Q];

cout « * Enter d ty namer \n';

c1n » c+ty;

cout « H
C1 ty name:" « ctty « "\n\n":

cout « "Enter city name Again: \n
H

;

cin.getline(city. siie);

cout « "City name now:
H « city « H \n\n H

;

cout « "Enter another ctty^name: Kit";

dn.getlinefdty, size);

cout « "flew city name:
H « dty « "\nVn p

;

return 0;

J

PROGRAM 10,2

The output of Program 10.2 would be:

First run
Enter city name:

Del til

City name: Delhi

Enter city name again:
City name now:

Enter another city name:

C henna

i

New city name: thermal

Second run

Enter city name:

New Delhi

City name: Hew

Enter city name again;
City name nawx Delhi

Enitfr another -city i*i]me:

Greater Bombay

New city na»e: Greater Bombay
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^ fio€e< s

During first run, the newline character 'W at the end of "Delhi" which is waiting in the

input queue 1b read by the getlinaO that follows immediately and therefore it does not

wait for any response to the prompt 'Enter city name a^uin:'. The character
L

\n' is read

as an empty line. During the second run, the word "Delhi" i chat was not read by ran) is

read by the function gctlmeO and, therefore, here again it does not wait for any input to

the prompt *Enter city name again:' Note that the line oftext "Greater Bombay" is correctly

read by the second eln.getlintKclty
f
Bize); statement.

The wrhteO function displays an entire line and has the following form:

cout.write (line, size}

The first argument line represents the name of the string to be displayed and the second

argument size indicates the number of characters to display, Note that it does not stop

displaying the characters automatically when the null character is encountered. If the size

is greater than the length of line, then it displays beyond the bounds of line. Program 10.3

illustrates how writeO method displays a string.

DISPLAYING STRINGS WITH write

0

line luce =icstream>

^include <s.tnng>

using namespace std;

int main()

H
char * string 1 - "C++

H
;

char * string? " Programing";

int m = strlen(stringl)i

int n strl en (stri ng2)

j

for(int i-lj i<nj 1+*)

(

Cuut.write(fitrifiy2,i);

COUt « "W;
) .

">.;•.•
:

.

for(t-n; i>0; i--)
. s

.-;
. 'V ..•v'-'TVi' 'MSjf^ iijCfcHt'Scf

c<iut,wriite($tHng2,th
cout « "\n M

;

(Contd)
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ttj // concatenating strings
couL.n' i -.

e- (. s t ri rig l , rr.j .wnteistring£,nj;

tout « "\n
m

;

if crossing the boundary
COUt^writefstring] ,10)

;

return 0; . --i*:™^H.- .. ^J^U»$&^-

10.3

Look at the output ofProgram 10.3:

p r

Pro

Prag

Progr

Progra

Program

Programm

Programme

PrDgramnin

Programming
Prayrd-ri : n

Programl
Programm

Program
Progra

Proor

Prog

Pro

Pr

P

C++ Programi ng

C++ Progr

The Ix.Ht line of the output indicates that the statement

cout.write(stringl» 10);

displays more characters than what is contained in string!.

Jl is passable to L'oneatenata two strings using the wrifceXl function. The statement

CDUt.writefstringl, m).write(&tringZ. n);

Copyrighted material



Managing Console I/O Operations §301

is equivalent to the following two statements:

coutuWr1te(str1ngl, m);

cout .writefstringZ, n);

C++ supports a number of features that could be used for formatting the output. These
l«Htun?H include:

• Los class functions and flags.

• Manipulators,

• User-defined output functions.

The ioa class contains a large number of member functions that would help us to formal

the output in a number of ways. The most important ones among them aro listed in

Table 10.2.

Table 10,2 few format Junctions

Funeti&n Ta*k

Width 0 To specify the required fi^Ld sire for displaying an output value

precision 0 To specify the number of digits to be displayed after the decimal point

of a float value

flHO To specify a character that is used to fil] the unused portion of a field

To specify format flags that can control tho form of output display 1 such

as left-justification and right-justification

)

unenetfO To clear the flagE specified

Mi uiifjulators are special functions, that can be included in the I/O statements to alter the

format parameters of a stream. Table 10.3 shows some important manipulator functions

that are frequently used. To access these manipulators, the file iomanip should be included

in the program.

Table 10.3 Manipulators

.

Manipulator* Equivalent ioa function.

netwl) widtbO
»etj>rocLadott() prt-ci^inn 1

! i

wtflDO fUJO
set ionflag'sJ t aetfO

ri'setiiisflugaO UDBCtfO
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In addition to these functions supported by the C++ library, we can create our own
manipulator functions to provide any special output formats. The following sections will

prrmde details of bow to use the pre-defined formatting function^ and how to create new
ones.

Defining Field Width: widthf

)

We can u-se the width f) function to define the width ofa Field necessary for the output of an
item. Since, it is a member function, we have to use an object to invoke it, as shown below:

cout.wldth(w);

where w is the field width (number of columns), The output will be printed in a field of w
character? wide at the right end of the field. The widthi) function can specify the field

width for only one item (the item that follows immediately). After printing one item fas per

the specifications) it will revert back to the default. Far example, the statements

cout.vidth(5);

cout « 543 *< 12 ** '\n
a

;

will produce the following output;

5 4 3 1 2

The value 543 lb printed right-justified In the first five columns. The specification widths 5}

does not retain the setting for printing the number 12, This can be improved as follows:

uut.«1dth(5)i
cout « 543

cout,v1dth(5);

cout « 12 *< "\n*;

This produces the following output;

5 4 3 1 2

Remember that the field width should be specified for each item separately. C++ never

truncates the values and therefore, ifthe specified field width is smaller than the size of the

value to he printed, C++ expands the field to fit the value. Program 10,4 demonstrates how
the function width0 works,
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SPECIFUHG FIELD SIZE WITH width!

sMnclude <1ostreaw>

using namespace std;

int mafn()

int Hen* [4] = {10.8.12.15};

int cost [4] - {75.10O.G0.Wh

cout « ITEMS';

cout. widtfi{B)

;

cout « "COST";

. . . . -t

cout.widtMlS):

cout "TOTAL VALUE* « "\n";

.ijL- '

- nS'.. .iftt iy?:

;

int sum M 0;

forfint 1*0; i<4;

{

cout.w1dth[5)i

cout « i t emsf i j

;

cout .width CO)

;

Cout « CDSt[i]

;

int value - 1tems[l] * cost[1];

cout + w1 dth( 153

;

cout « value « "Vh";

sum = sum + value;

cout « *\n Grand Total - 'j

.
J B • I

]

cout , wi dth [2) i

cout « sunt « m
\n"i

return 0;

I. v •

J

PNOGMH 10.4
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The output of Program 10,4 would be:

ITEMS COST TOTAL VALUE

10 7S 750

e ioo m
v? 60 72G

15 99 148S

Grand Total 3755

, mrte

A field of width two has been used for printing the value of sum and the result is not

truncated. A good gesture ofC++ t

Setting Precision: prccision()

By default, the floating numbers are printed with six digits after the decimal point. Howev er,

we can specify the number of digits to be displayed after the decimal point while printing

the floating-point numbers, This can be done by uaing the precision

(

I member function as

follows:

CEHJt*prect$i<jn(d)

;

whered is the number ofdigits to the right ofthe decimal point. For example, the statement*

cout .
prec i sion(3J

;

cout « $qrt{2J « B
\n";

cout « 3.14159 « "\n"j

tout « 2.50032 « "\n"i

will produce the following output:

1.141 (truncated)

3.142 (rounded to the nearest cent)

Z.5 (no trailing zero*)

Not that, unlike the function width O, precislonO retains the setting in effect until it is

reset. Tbul is why wtt huve dui'tarEfd only ihie* stjitwment tor the precisiori setting which IS

used by all the throe outputs.

We can set different values to different precision as fallows:

cout, precision (3):
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cout « jqrt{?J « H \n"

j

cout.precision (5) ; // Reset the precision

cout « 3.14159 « "Mi":

We can also combine the field specification with the precision setting. Example:

cout. precision (Z)

;

cout.widthfS)

;

cout « 1.2345;

The first two statements instruct: "print two digits after the decimal point in a field offive

character width' Thus, the output will be:

[l
] |

2|T

Program 10.5 shows how the functions widthO and precision^ are jointly used to control

the output format.

PRECISION SETTING WITH precision!)

finclude *iostreain>

rinclude tcmath*

using namespace st<J;

1 nt m*1nf}

{

cout « "Precision set to 3 digits \n\n";

cout.precisionf3};

cout r width(lO)

;

cout « "VALUE";

tout.width(lS)

;

COut « "SCHT_OF_VALUE" '\n u
i

for(int n=l; n<=5; n++)

{

cotit.wldth(S)

;

cout n;

cout, width (13);

cout « sqrt(n} « "\n
B

;

)

(Contd)
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tout « "\n Precisian set to 5 digits \n\n";

cout. precis Ion (5): // precis too parameter changed

cout <* " sqrt(lO) * « sqrt(10) « 'VAn";

cout.precislon(C): // precision set to default

cout « " sqrt(lG) * « sqrt(10) « (default setting) \n"

;

return 0;

PROGRAM 10.

b

Here is the output of Program 10.5

Precision set to 3 digits

VALUE SQRT_0F_VALUE

1 1

2 1.41

3 1.73

4 2

5 2.24

Precision set to 5 digits

sqrt(lD) - 3.1623

sqrt(lQ) - 3.162273 (default setting)

r note ^
Observe the following from the output;

1. The output is rounded to the nearest cent {i.e., 1.6666 will Lie 1.67 iitr twu di^il

precision but 1.3333 will be 1.33).

2. Trailing zeros are truncated.

3. Precision setting stays in effect until it is reset.

4. Default precision is 6 digits,

Filling and Padding; flll()

We have been printing the values using much larger field widths than required by the

values. The unused positions of the field: are filled with white spaces, by default. However,

we can use the fillO function to fill the unused positions by any desired character. It is used
in thf^ fallowing fcjrm;
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cout. fill fch);

Whfire rh represents the character which is used for filling the unused positions. Example:

cout.fill {

'*')

i

ccut,width(10J:

cout « 5250 « "\n";

The output would be:

* * * 1 * 5 2 5 0

Financial institutions and banks use this kind of padding while printing cheques so that

no one can change the amount easily. Like precision! ), fiUO stays in effect till we change

it. See Program 10.6 and its output.

PADD1HG WITH fill()

finclude -^iostreaiip-

using namespace std;

Int Hln( )

{ cout.flllf/*');

cout, precision (3h
for (int n»l; n<*(ij n++)

\

cout.vldthfch

tout « n:

cotit.w1dth(lQh

tout « 1,0 / flnatfnj « "Vn";

tf (n — 3)

Cout. fill (>');

}

cout
B
\nPadd1 ng changed \n\n

u
;

cout. fill ('#'); // fill( } reset

Cout. width (15) i

cout « 1?. 345678 « p \n";

return 0;

}

PROGRAM 1Q.6
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The output ofProgram 10.6 would be:

««3««*q ,333

»»4»»>>0 » 25

»»6»»>0 L 167

Padding changed

wmttm.us

Formatting Flags, Bit-fields and actfQ

We have seen that when the function widlthO is used, the value (whether text or number)
is printed right-justified in the field width Created. But, it is a usual practice to print the

text Left-justified. How do we get a value printed left-justified? Or„ how do we get a floating-

point number printed in the scientific notation?

The setfth a member function of the ioa class, can provide answers to these and many
other formatting questions. The setf() {setf stands for set flags] function can be used as

follows:

cout.setffargi, a rg2)

The argl is one of the formatting flags defined in the class ioa. The formatting flag

specifies the format action required for the output, Another ioa constant, org2, known as bit

field specifies the group to which the formatting flag belongs.

Table 10.4 shows the bit fields, flag? and their format actions. There are three bit fields

and each baH a group of format flags which are mutually -Bacclufiive. Example s:

cout.setf (ios: :left, ios: :adju5tfield)

;

cout.setf fi os : : scientific, ios: :floatfieldJ

;

Note that the first argument should be one ofthe group members of the second argument.

Consider the following segment of code:

cout . f i 1 1(
'

*

1

)

;

cout.setf f ios: 1 1 ef

1

1 ios: tadjust field);

cout. *rf dth(15);

cout « "TA8LE 1" « "\n";
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Table 10.4 Flags and bit fields far setjff Junction

Format required* Warn Flag (ami) Hit-field (argS)

J_it: IT -J U £l I J L

J

kI\J DUipiJ L ins .. leu inn .. aajiiauiem
T-I'ii ilil nil ^4 ! hijuilIV1

Jj,
JlL--JUS L-11 1UU 1 1 .2 LJJU

I

ids .'. n^ht ru- ...3 |
|~

. 1 1

lUb .. LIuJ LLi L [].. LU

Ptiddir:^ dfitir sign or base ius :: internal ioa :: ajdju&tfield
T.J'.. r 1 1 1 . ii ii.—.Jt \

Indicator (.like +##20}

Scientific notation ioa ::
—*nH** ioa :: floatfield

Fined point ncitatLcm we :: find ioa :: floatnald

Decimal base ids :: dec ios :: baselield

Octal base iub oct- ios :: base field

Hexadecimal base ios :: hex ioa :: ba&eueld

This will produce the following output:

T A B L
n

E 1
*

*
*

The statements

cout.fi 11 ('*');

cout. precision (3);

COUt>setf{10S;: intern*^ iOS: ;4djuttf1eld);

cout + setf(io&; : scientific 1 os? ;floatfleldh
cout^idthflSJi

cout « -12.34567 «-"\n H
;

will produce the fellows ng output:

v 1 + + •
1 2 3 5 + 0 1

, furt<e v

The sign is left-justified and the value m right left- justified- The space between thsim is

padded with stars. The value is printed accurate tc three decimal places In the scientific

notation.
^ y
Displaying Trailing Zeros and Plus Sign

Ifwe print the numbers 10.75k 25.00 and 15.50 using a field width of, say. eight positions,

with two digits precision, then the output will be as follows,:

1 0 7 5

2

1 5 5
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Note that the trailing zeros in the second and third items have been truncated,

Certain situations, such as a list of prices of items or the salary statement of employees,

require trailing zerdti to be shown. The above Output would bok better if they are printed as

follows:

10, 75

£5,00

15,50

The setflJ can be used with the flag ios::showpoint as a single argument to achieve this

liircii uf output. For example,

cout-s«tf(ios[ jshompoint) i // display trailing zeros

would cause cout to display trailing zeros and trailing decimal point. Under default precision,

the value 3,25 will be displayed as 3,250000, Remember, the default precision assumes a

predion of six dibits.

Similarly, a plus sign can bo printed before a positive number using the following statement:

cout.&etf (lost : showpos) ; // sha* +sign

For example, the statements

cout.setf (ios: :showpoint};

cout.ietf (les;: showpos)

[

cout. precis Ion (3)

j

cout.-setf ( i os j : fisted, ios: :float field);

cout.setf(1os: internal , i us : :adju?tfield)

:

cQut.widthflO]

;

cout « 275,5 « "\n M
;

will produce the following output:

+ 2 5 0 0

Th«» 11:i|».- such ;is show-point .ami showpos do not h:ive :my bit. fields rmt'i therefore are

used as single arguments in set ft J This in possible because the wtffl has been declared as

an overloaded function in the class ios. Table 10.5 lists the flags that do not possess a
named bit field. These flags arc not mutually exclusive and therefore can be set or cleared

independently,
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1

TaVto 10,5 Flags that do not have bit fields

Flan j lUEUifri -5

ios : : showcase Use base indicator on output

ios : : showpos Print + before positive numbers

iqq : ; showpoint Show trailing decimal point and zeroes

.
i

: : uppercase Use uppercase Letters for hex -output

ios : : skipus Skip white space on input

ins : : unitbuf Plush all streams after insertion

ios : : BtdiO Flush etdout and stderr after insertion

Program 10.7 demonstrates the setting of various formatting flags, using the overloaded

sctfO function.

FORMATTING WITH FUGS IH setf()

^include ciostr«am>

finclude ^cmath>

using namespace std:

int rtiaint)

f

cout.fi 1 H'*' )

:

cout rSetff ins: ^left, fos: :adjust field)

;

cout.width(lO)

;

cout « "VALUf;

cout, setf {ios: :right. ios: :adjustfield);

cout .wi dth ( IS)

;

cout « -SQRT OF VALUE" « "Vi";

cout.fill f !
i '

)

i

cout.preci sion (4)

;

cout ,setf (io5: ;showpoint)

;

cout. set f { i os : ishowpos)

:

cout, «tf [i os: f fixed* io&i :floatfieldh

for(int n- 1 ;
n<-10j n+*)

{

-

eootnSetf(sosi internal , ic&; :adjustf ield.)

:

cout ,width(5)

:

cout « n;

cout. set f {ios: :righU ios: : adjustf i eld}

;

cout.width{?0):
cout « sqrt(n) « m

\n"-
t

(Cnntd}
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// floatfield changed
cout.&etf fios: iscienti f 1

c

p
iosi : f 1 o-atf i el dj s

cout « "\nSQft"r(lQO) - " « sqrt(lQO) « HW;

return 0:

The output of Program 10.7 would be:

VALUE*********SQRT OF VALUE

+ + i la h h + 4 4 I + + 0000

+ + * £ h ¥ + 4 m m h * + i r r^l 1 ^ l "4Z

+> T ,3.. T , t +1.7321

+ . . ,4 +£.0000

+
. ,5 +2.2361

+ ...6.., +Z.4495
+ ...? .+2.6458

t + 4 3 a h ^ + 4 4 P I- + H 4 4 I * + - 023^

+...&... +3.0000

+ i I h + + * 1 ¥ h + + # i fe i + ^3

SORT f], 00) - +l,0000e+00l

PROGRAM 10.7

1. The flags set by setfO remain effective until they are reset or unset,

2. A format flag can be reset any number of times in a program.

3. We can apply more than one format controls jointly on an output value.

4. The sot ft) sets, the specified flags and loaves others unchanged.

1 10,6 Managing Output with Manipulators

The header file i&manip provides & &et of functions called manipulators which can be used

to manipulate thv output formats. They provide the same features ae that of the io«member
functions and flags. Some manipulators are mure convenient to use than their counterpart-?

in the class loa. For example, two or nmre manipulators can be used as a chain in one

statement as shown below:

CQut « man
i
pi « manip2 mani p3 « item;

cout <^ nanipl « iteirl « manipZ « itemZ;

This kind ii-f" nrmmu.1 nation is useful when m> want to display several columns of output.
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The most commonly uhehJ manipulators are shown in Table 10,6- The table also gives

their meaning and equivalents. To access these manipulators, we must include the file

iomanip in tht? prctgntm.

Table 10.6 Manipulators and their meanings

Manipulator Equivalent

iscLw (inL ct1

)

wtprwisiontirrt d > Set the field width to w, widthC )

Set the floating point precision to d. precision! }

setfilftint c) Set the fill character to c. fiU{ )

Set the format (lag f. setfi )

Tefletiosflflgsiloiig /

)

Clear the flag specified by /! LinSElft I

end] Iinsert ni'w line 4ind flush i Lrciim

Some examples of manipulators are given below:

cout « setw{H>) <c 12345;

This statement prints the value right-justified hi a field width of 10 characters.

The output can be made L -ft-justified by modifying the statement as follows:

cout « setwfltj) « jetiosflitisflosr rleft} <*; 12345;

One statement can be used to format output for two or more values. For example, the

statement

cout « setw(5) « setorecision(2j « 1 + Z34$

« setw(10) « setpreci si on{4) « sqrt(2)

« set*{15) « setl0Sflap»(l0Sj :$c<entf f 1 c) « sqrt(3);

« end!

;

will print all the three values in one line with the field sizes of 5, 10, and 15 respectively.

Note that each output is controlled by different sets of format specifications.

We can jointly use the manipulators and the ios functions in a program. The following

aogiiitjiit uTcodu is valid;

cout . self (ios; : showpof nt}

:

coat . self fjos j : showpos)

;

cout « ^etpreci5icp(4);

cout « setlosflagsdos: . : sd ent1 fic)

;

cout « ietw(10) « 123. 45678 i
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s- /i&€&

There is a major difference in the way the manipulators are implemented as compared to

the ios member functions. The ios member function return the previous format state

which can be used later, if necessary. But the manipulator docs not return the previous

format state, In case* we need to save the old format states, we must use the ios member
functions rather than the manipulators. Example:

cout.preci5ion{2)

;

int p = couUprecisifln^);
// previous state

When these statements are executed, p will hold the value of 2 (previous state) and the

new format state will be 4, We con restore the previous format state an follows:

CGut.preclston(p)

[

Program 10.8 illustrates the formatting of the output values using both manipulators

and ios. functions.

FORMATTING WITH MANIPULATORS

^include ^iustreanv*

^include <innanip>

using namespace st^;

int iTuinf)

I

cout.setf (ios; ishowpoint)

;

cout « setw(5) « "n"

« set* (15) « " InverseJ>f_n"

« setw(i5) « "Sum of termi\n\n-

;

double term, sum * Qj

for ( int n»l; ri*»10; n++)

{

tern; * l.D / float(n);

sum = sun + term;

coot « setw(5) « n

« setw(14) « ietpreeiil en (4)

(Contdt
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The statement

tout « 3G « unit;

will produce the Mowing output

3fi inches

We can also create manipulators that could represent a sequence ofoperations. Example:

ostream & ihow(ostream 6 outputj

\

output. setf(io&::showpoint)

;

output .setf (i Dit ishowpos)

;

output « setw(LO)

;

return output:

}

This function defines a manipulator called show that turns on the flags showpoint and
nhowpos riedstrtui in the class id* and seta the field width to 10.

Program 10.9 illustrates the creation and use of the user-defined manipulators. The
program creates two manipulators called currency and form which arc used in the main
program.

USER OEFINtD HANlPULATORS

^inulude <iOJCrei*m>

include <1oromip>

using rcareipace std;

// user-defined manipulators

ostreair. & currency (estreat & outputj

wtput « "RS"j

return output;

) -
•

.

ostream & form (ost ream & output)

output .'setf (io5: :showpos)

;

Output , setf ( i os ; ishewpoint)

;

(Contd)
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output. flllC*');
mm m m A mm + mm mm h mm m n J H L joutput . p^cci s^oa\£./

fc

output setiosf lags{ios: :f ixed)

« setw(lQ);

return output;

cout « currency « form « 7#64. 5

:

return 0;

PROGRAM 10,9

The output of Program 10.9 would be:

Note that form represents a complex set of format functions and manipulators.

SUMMARY

<H> hi C++, the I/O system is designed to work with different I/O devices. This I/O HyKtam

supplies an interface ealhnl 'stream" le the- programmer, which is independent of the

actual device being used.

C> A stream is a sequence of bytes and serves as a source or destination for an I/O data.

O The Hource stream that provides data to the program is called the input stream and the

destination stream that receives output from the program is called the output stream.

The C++ I/O system contains a hierarchy of stream classes used for input and output

operations, These classes arc- declared in the header file 'iostream 1

.

O cin represents the input *tream connected to the standard input device and cout
represents the output stream connected to the standard output device,

v> The is tream and ostream classes define two member funeri&ns getl) and putO to

handle the single character I/O operations.

O The » operator is overloaded in the is tream class as an extraction operator and the

« operator is overloaded in the ostream class as an insertion operator.

& We can read and write a line of text more efficiently using the line oriented I/O functions

getlineO and writeO respectively.
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The ioa class contains the member functions such as widihO, prei-isionC), fiUO, setfO,

uuaetiO to format the output.

The header file 'iomanip' provides a set of manipulator i'u 1 1 it i i>r i >. l o muni
f

1 1 i 1 . 1 1
• output

formats. They provide the same features as that of ios class functions.

We can also design our own manipulators for certain special purposes.

Key Terms

aajustneia Output fltrv:im

v b&sefield padding1

bit -hiild:- precision!.)

w console I/O operations r putl. P

> decimal base > reset ioHflatf.sO

.F destination stream r right-justified

> field width > scientific notation

> 11110 > setfO

> filling (F setrillO

> fixed point notation > eetiosflagaO

> flags W ^etprecision( >

> floatfield setting precision

J1 _ x _l IT i'j'
--

.formatted console I/O wctwi

}

> formatting flag.1; showbase

formatting functions > showpoint

> get(> > Hhowpog

> j^tlint'l f > skipos

> hexadecimal base > source stream

> input stream > standard input device

> internal > .standard output device

> iaa > stream classes

> iomanip > streambuf

> ioatream > streams

> istieam > unitbuf

> left-justified > unsetf{)

> manipulator > widthO
> Mtal base > write?)

> ostream
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|
Review Questions

10.1 What is a stream?

10.2 Describe briefly the features ofI/O system supported by C++.

10.3 How do the IfO facilities in C++ differ from that in C?

10.4 "Why are the words such as ein and tout not considered as keywords?

10.5 How is caut able to display various types ofdata without any special instructions f

10.6 Why is it necessary to include the file iaatream in all our programs?

10.7 Discuss the various forms of get() function supported by the input stream, How
are they used?

10. S How do the fallowing two statements differ in operation?

cln » C\

cln.get(c)

j

10.9 Both cin and getlinef) function can be used for reading a string. Comment.

10.10 Discuss the implications ofsize parameter in the following statement:

cout.writefline,

10.11 What does the following statement do?

Ci>uU write (5l.ru) r wri te(5Z.n);

10.12 What role does the iomanip file play?

10.13 What is the role of file/) fitnction? When do we use this function?

10.14 Discuss the syntax of sett) function.

10.15 What is the basic difference between manipulators and ion member functions in

implementation? Give examples.

10. IS State whether the following statements are TRUE or FALSE. 0

fa) A C++ stream is a file.

(b) C++ never truncates data.

(c) The main advantage of icidthO function is that we can use one width

specification for mo-re than one items.

(d) The get(coid) funetiftn pmuitlrx a xingte-character input that does not skip

ot-er the white space*.

Ce) The header file iomanip can be used in place of iostream.

[fi We cannot use both the C I/O functions and C++ IfQfu nctionK in the same
program.

(g) A programmercan define a manipulator that could represent a set offormat

functions.
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10 2 Will the statement eout.setfiios: Tight j work or not?

find tide <i ostream.h>

void Mln()

C0ut.width(5)

;

cout *« "W endl;

cout.setf (1csi :1eft)

:

cout. width (5)

;

eout « « endl;

CQut.setf :right)

;

cant « "99" « endl;

)

10.3 State errors, if any, in the following statements.

(a) cout « (void:*) amount j

(b) cout « putCJohn");

(c) cout *< w1dth();

(d) int p = cout.width(lO);

te) cout.w1dth{l0) >precis1on(3h

(f) cout. set f (ios: :scient1f1c
p
1os: :left)

;

(g) ch cin.getQ

;

(h) cin.get() .getf)

;

(L) cin.get(c) .get()i

(j) CEMJt « setw(B) « setprecis1on{?)
p

Ok) cant «; resetiosflagsfios: ;left |ios; :showpos)

;

|
Programming Exercises

10A Write a program to read a list containing item name, item cade, and cost

interactiwiy and produce a three column output as shown below.

CODE COST

Turbo C++ 1001 Z5C 95
C Primer 90S 95.70
* fr I I -f

B

" - - -

+ * i

+ 4-1

m * ft

h + + i

iVote fAii/ the name and cade arc 1 eft -justified and the cant is right-justified with

a precision of two digits* Trailing zeros are shown.
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10.2 Modify the above program to fill the unwed spaces with hyphens.

10.3 Write a program, which reads a text from the keyboard and displays the following

information on the. screen in two columns;

{a) Number of lines

(b) Number of words

(c) Number of characters

Strings should be left-justified ami numbers should be right-justified in a suitable

field width. '
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Working with Files

Key Concepts

^ Console-user interaction

> Input. Ktrwam

X Output stream

File stream classes

P Opening a file with openQ

Opening a file with constructors

X End-of-file detection

"> File modes

m t'ilf painters

> Sequential file operations

^" Random access filea

X Error handling

>" Command-tint? Hi-jjuments

Many real -life problems handle large

volumes ofdata and, in such situations, we
need to use some devices such as floppy disk

or hard disk to store the data. The data is

stored in these devices using the concept

offiles . A file is a collection of related data

stored in a particular area on the disk.

Programs can be designed to perform the

read and write operations on these files,

A program typically involves either or

both of the follnwinR kinds of data
communication:

1. Data transfer between the console

unit and the program.

2. Data transfer between the program

and a disk file,
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This is illustrated in Fig. 11.1.

External memory

dale

(to lilts)

Date files

internal WBrnwy

i get data

from

keyboard]

Program * Data

r
read data

(from ft esj

Prrjflrarrvlile irl(jfitf::ir:r

Scregn

caiJl GonEQle-prog*am
Iputdsla

interaction
to Scr*gn r

...L.
:

Keyboard

Fig. 11.1 Ccmwt-progrum-jik interaction
j

We have already discussed the technique of handling (lata communication between the

consoles unit and the pnojrrtira. In this chapter. we will discuss various methods available for

storing and retrieving the data from files.

The I/O system ofC++ handles file operations which are very much similar to the console

input and output operations. It uses fiUj streams, as rm interface between the programs and
the files. The* stream i.hm Supplies data In "In* pri^mm is known ;is njpu* ttirrtiTiz sind ihr

ant* that receives data from the program is known as output utream. In ether words, the

input stream extracts (or reads) data from the file and the output stream inserts {or

writes)- data to the file. This is illustrated in Fig. 1 1.2.

read data

input stream

Disk f las

writs da la

Output -stream

data

Inpot

—
i!,r;i

Ulput

Fig. 11.2 Fife input and output stramw
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The input operation involves th& creation of an input stream and linking it with the

program and the input file. Similarly, the output operation involves establishing an output

stream with the necessary links with the program and the Output file.

1 11.2 Classes for File Stream Operations

The I/O system of'C + + contains a set of cluKses that define the (lie handling methods. These

include ifstream, ofstrcam and fstream. These classes are derived from fstreamba^e
and from the corresponding iostream class as shown in Fig. 11.3, These classes, designed to

mar^n the disk files, are declared in fstrmm ;and therefore we must include this file in any
program that usgm files.

ICS

f\\B
istream

J_T~L
strSambul

|

psiream

losl'e.mvi

fstre-a/n

to
Ifelraam

|

1 fituiiiii lilebuf

fTLwm bam

Fig, 11 -J ^ trcam cla<nv*fi*r fiU' uppra/icws fconinmtd ifi fitream file)

Table 1 1. 1 shows thr d^taLJs Affile stream classes. Note that these classes contain many
more features. For more details* refer to the manual.

1 11, 3 Opening and Closing a File

If we want to use! a di.sk file, we need to decide the following things about the file and its

intended use:

1, Suitable name for the file,

2, Data type and structure.
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3, Purpose,

4. Opening method.

Table 11.1 Detail offile stream classes

CiaM Content*

filebuf lie purpose is to set the file buffers to read and write. Contains Openprut Don

stant used in the openO of file stream claiwt. Also contain cLoaeO and npenO a*

members.

fstiMubut Provides operations common to the file streams. Serves as a base far fstream,

iCatron and ofntr-eam vim*. CunUiirm open() and closet} fujuiiiotis,.

if stream Provides input operations. Contains openO with default input mode Inherits the

functions getO. getline(l f readti, soekgl) and teUgO functions from itttream

Ofstream Provides output operations. Contains upend with default output mode Inherit*

putO, seekpO, te)lpO t and wr1te(>+ Functions from oatream

fstream Provides support for simultaneous input und output operations!. Contains openO
with default input mode. Inherits all the functions from {stream and oatreanr

classes through iostream

The filename is a string of characters that make up a valid filename for the operating

system. It may contain two parts, a primary name and an optional period with extension.

Examples;

Input. da ta

Test, doc

INVtNT.OFtt

student

&al ary

OUTPUT

As stated earlier, for opening a file, we must first create a file stream and then link it to

the filename. A file stream can be defined using the classes ifstream, ofstream* and fstream
that are contained in the header Kit* fatmam. The class U\ht- u.sed depend* upon the purpose,

that is, whether we want to read data from the file or write data to it. A file eon be opened

in two ways:

1. Using the constructor function of the class,

2, Using the member functinn openO of the clasn.

The first method is useful when we use only one file in the stream. The second method is

used when we want to manage multiple files using one stream.

Opening Files Using Constructor

We know that a constructor is used to initialize an object while it is being created. Hcre> a

filename is used to initialize the file stream object. This involves the fnllnwing steps:
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1. Create h ilia stream object to manage the stream using the appropriate class. That

is to eay, the class ofstream is used to create the output stream and th« titans

if/stream to create the input stream.

2. Initialise the file abject with the desired filename.

For example
h
the following statement opens a file named ^results

1
* for output:

ofstream outfl 1 e
(

"resul t$")s // output only

This creates outfik- as an ofstream iitjjHci. that manages the output stream. This abject

can be any valid C++ name such as G_flle, tnyflle ot font. This statement also opens the

file results and attaches it to the output stream outfile. This is illustrated in Fig. 11.4.

Output stream

r
fife

Program

input stwam

infie

data

I *

Fig. 11.4 o Twofile streams working on separatefiles

Similarly, the following statement declares Inflle as an ifstream object and attaches it

to the file data for reading (input).

ifstream i nf i 1 ef "data" ) ; // input only

The program may contain statements like:

outfile « "TOTAL*;

outfile sumj

infile » number;

infile strings

Wecan also use the same file for both reading and writing data as shown in Fig. 11.5. The
programs would contain the following statements:

Programl
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ofstneatti outflTeC'saiary")

;

// creates outflle and connects

// "salary" to it

f > + H H

Pro<jrarn2

ifstream infii«( N
s*i*T*if")i // creates inftle and connects

// "salary" to It

Program 1

Program 2

uffile

ary

Ilia

inf e

Fig. 11.5 & Tuvfite stmms tucvteng an em&file
|

The connection with a file is closed automatically when the stream object expires (when

the program terminates 1. In the above statement, when the program 1 is terminated, the

salary file is disconnected from the outfiLe stream. Similar action takes place when the

program 2 terminates.

Instead of using two programs, one for writing data {output) and another for reading

data (input), we can use a single program to do both the operations on a file. Example,

outf 1 1 e .cl ose{)
j // Disconnect salary from outft le

i fstream inf ile("salsry H
) ; // and connect to infHe

1nf 11e.close(); // Disconnect salary from inftie

Copyrighted material



Working ivith Fiies #329

Although we have used a single program, we created two file stream i>hjnt:LH, outllle (tit

put data to the file) and infile (to get data from the file). Note that the use of a

statement like

outfi lCnCloseO

:

disconnects the file salary from the output stream outfUe. Remember, the object autfde

still exists and the salary file may again be connected to outfile later or to any other

stream. In this example, we are connecting the salary hie to infile stream to read data.

Program 11 1 uhsh a single file for both writing and reading the data. First, it takes data

from the keyboard and writes it to the file. After the writing is completed, the file is closed,

The program again opens the same file, reads the information already written to it and
displays the same on the screen.

SINGLE FIIE ^^^^^^^^^^MB^^^^^^^^^^^H

// Creating files with constructor function

(Mntlude <iostream.h>

finelude <f$tream.li>

1 nt main()

ofstream outf (*lTEH , h .// connect ITEM file to outf

tout « 'Enter item name:";

char name [30] j

cin » name; u get name from key board and

outf « name « "\n"; u write to file ITEM

cout « "Enter Item cost:";

float cost;

cin » cost; // get cost from key board and

outf « cost « H
\n"; // write to file ITEM

outf,Cl«e()

;

// Disconnect ITEM file from outf

ifstreain inf ("ITEM")

j

// connect ITEM file to inf

inf ** name;

inf » cost;

//

//

read name front file ITEM

read cost from file ITEM

fContd)
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Cflut « "\ri";

cout « "Item name;
M « name « "\np

;

cout « "Item cost:" « cost «

inf.closeO

;

// Disconnect ITEM froot inf

return 0;

The output of Program 11.1 would bo:

Enter ft em name: CD-ftOH

Enter item edit: 250

Item name: CD-ROM

Item cost; £50

PROGRAM Ll.l

When a file is opened far writing only, a new file is created if there is no file of that name.
Ifa file by that name exists already, then its contents are deleted and the file is presented

as a clean file. We shall discus* later how to open an existing file for updating it without

I oh] ng its original contents.

Opening Files Using open()

Aa stated earlier, the function apenO can be- used to open multiple files that llse» the same
stream object. For example, we may want to process a set offiles sequentially. In such cases,

we may create a single stream object and use it to open each file in turn. This is done as

follows:

fil e- stream- class stream-object.;

stream -object.opm ("fl 1 Enable" } i

Example;

ofstream outfllej

ogtfne.open( N OATAi H
} ;

// Create stream (for output)

If Connect ifream to DATA1

utf i 1 e.cl ose f )

;

outfile.openf H DATA2);
-tit.

_ . . . _

outfile^cl ose ( }

;

// Disconnect stream from DMTAI

II Connect J? ream to 0ATA2

jj Olsconnect stream from DAtA?
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The previous program segment opens two files in sequence for writing the data. Note

that the first file is closed before opening the second one. This is necessary because a stream

can be connected to only one file at a time. Sec Propjram 11,2 and Fig, 11 .6,

MULTIPLE FILE5

// Creating files with operK) function

include <lostream + h>

#1nclude *fstream. h>

fnt sialnQ

{

ofstream foutj // create output stream

fout + open ("country "J ; // connect "country" to it

fout « "United States of America^";

fout « "United Kingdom^":

fout « "South Kcrea\n";

fout*close()i

fout. open {"capital ")

;

fout « "Washington^";

fout « H London\n
-

;

fout « 'Seoul \n";

fouUdoseO

;

// Reading the files,

conn 1nt N - Mi
char lUt{N] ;

Ifstream fin;

f1n.open("ccuntry")

;

// disconnect "country" and

// connect "capital"

II disconnect "capital"

// size of l ine

// create input stream

// connect "country' to It

cout «"contents of country f1Te\n";

Mhile(fin)

(

f in.getlinefline. N]

:

cout « line ;

I

fim close0

;

// check end-of-file

// read a line

II display it

// disconnect "country'' and
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fin.opent "capital"}; // connect "capital"

cout « '\nContents of c-Apl t-*l file \n";

I

f in.getlinefl ine, N);

cout « line i

fin,close(j

;

return 0;

}

The output of Program 11.2 would be:

Contents of country file

United States of America
United Kingdom

5outh Korea

Contents of capital file
Washington

London

Seoul

PROGRAM 11.5

conned om
file to taut

foul

1 I I HH?^H

fin

en
connect one

fikj 1o fin

Fig. 1L6 <=> Sireams awnfcj'ny err multiple file*

At times we may require to use two or more files aimultnriE»ituK]y. I'or Hixmuple, we may
require to merge two sorted files into a third sorted file. This means, both the sorted files

have to be kept open for reading and the third one kept open for writing. In such cases, wo
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need to create two separate input streams for handling the two input files and one output

stream for handling the output file. See Program 11.3,

READING FROM TWO FILES SIMULTANEOUSLY

// flectfs the files created in Program 11.2
'4-.'-

if Include < lost ream* h>

ircltjclc ^fstrearn.r»>

(Include *stdlib.h> // for ex-it Q function

int mafnO

{

—J-

const lot SIZE - SO;

char Hn«[SIZEli

ifstream finl, ftnZ;

flnl, open ("country") j,

f in2. open ("capf til *);

// create two input streams

forttnt l-li 1<«10; f++)

[

if(flnl.eoff) !• 0)

[

ccut « "Exit from country \n*;

exft(l):

}

f1nl.g«tHne(l1ne
p

SIZE)

;

eout "Capital of line *

t

-

if[finZ.wf(J J- D)

(

eout «;«; "Exit from capital\n";

f1n2.getl1ne(Hne,SIZEh
cout « line « "Vn";

)

return 0;

The output of Program 11.3 would be:

PROGRAM 11,1

Capital of United States of America

Vashi ngton
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Capital of United Kingdom

London

Capital of South Korea

Seoul

[ll,4 Detecting cnd-of-RJe

Detection of the ond-of-file condition is necessary for preventing any further attempt to

read data from the file. This was illustrated in Program 11,2 by using the statement

whi le(fin)

An ifstream nhject, such as fin, returns a value uf 0 if any error occurs in tht? file

operation indudiiitf the end-of-filc- condition. Thus, the while loop terminates when ftn

returns a value of zero on reaching the end-uf-file condition. Remember, this loop may
terminate due to other failures as well. IWe will discuss other error conditions later.)

There is another approach to detect the end -of- file condition. Note that we have used the

following statement in Program 11,3;

1f(f1nl.wf() ! 0) {exit(l)f}

cofll is a member function of in» rlnss. It returns a non-zero value if the end-of-filetEOF)
condition is encountered, and a zero,, otherwise. Therefore H the above statement terminates

the program on reaching the end of the file.

1 11,5 More about OpcnQt^lejlodcs

Wt> have used ifstream and ofstream constructors and the function open{) to create new
files as well as to open the existing files. Remember, in both these methods, we used only

one argument that was the filename. However, these functions can take two arguments,

the second one for specifying the fil? mode. The general form of the function open 1 1 with

two arguments is:

Stream -object.open(" filename", mode)

;

Thp second nrftumeni mode (called file mode parameter! specifies the purpose fur which

the file is opened. How did we then open the files without providing the second argument in

the previous examples?

The prototype of these class member functions contain default values for the second

argument and therefore they use t.ht? default values in the absence of the actual values, Tbp
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default values are aw ftrilows;

ios::in for ifstream functions meaning op-en for reading only.

ios::out for ofstream functions meaning open for writing only*

The file mode parameter can take one (or more) of such constants defined in the daws ion.

Table 11.2 lists the file mode parameters and their meaning.

Table 11.2 File mode parameters

Parameter

ioa r app
ioa : nte

i&i : binary

iw : in

ioa : nocreate

ios : noreplace

\os : cut

ios : trunc

^
Meaning

Append to end-of-fili

Gq to end-of-filc -on opening

Binary file

Open file for reeding only

Open foils if the file does- not eiist

Open fails if the file already exists

Open file for writing only

Delete Che contents of the file if it exists

1. Opening a fde in ioatsoul mode also opens it in the Losjitrunc mode by default

2. Both los::app and foa::ale take us to the end of the file when it is opened. The

difference between the two parameters is that the ios::app allows us to add data

to the end ofthe file only, while fossate mode permits us to add data or to modify

the existing data anywhere in the file. In both the oases, a file is created by the

specified name, if it does not exist.

3 L The parameter ios:tapp can be used only with the files capable of output.

4. Creating a stream using ifstream implies Input and creating a stream using

ofstream implies output, So in these cases it is not necessary to provide the

mode parameters.

5. The fstream class does not provide a mode by default and therefore, we must
provide the mode explicitly when u^ing an object offstraam class.

S. The mode can combine two or more parameters using the bitwise OR operator

(symbol
|
) as shown below:

lout open( 'data", ios::app I ios:: nocraaie]

This opens the file in the append mode but fails to open the file ifit does not exist.

1 11.6 File Pointers and Their Manipulations

Each file has two associated pointers known as the /lie pointers. One of them is called the
input printer {or get pointer) and the other is called the output pointer (or put pointer}. We
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can uae these pointers to move through the file* while reading or writing. The input pointer

is used for reading the contents of a given file location and the output pointer is used for

writing to a given file location. Each time an input or output operation takes place, the

appropriate pointer is automatically advanced,

Default Actions

When we open a file in read-only mode, the input pointer is automatically set at the beginning

so that we can read the file from the start. Similarly, when we open a file ui write-only

mode, the existing contents are deleted and the output painter is set: at the beginning. This

enables oa to write to the file from the start. In case, we want to open an existing file to add
more dak, the file is opened in 'append

1

mode?. Thin moves the yui put pointer to the end rf

the file (i,e, the end of the existing contents). See Fig. 11,7,

hello" fi'e

Open for rending only H E L L O o R

input pointer

open in append mode
i fur writing more data}

H E L L 0 w 0 R L D

output parrtar

Open for anting only
1

output pointer

Tig, 11-7 o Action ott file pointers white opening a fite

Functions for Manipulation of File Pointers

All the action* on thv. fits pointer* as Hhown in Fig. 11.7 take place automatically by default.

How do we then move a Tile pointer to any other desired position inside the file? This is

possible only ifwe can take control of the movement of the file pointers ourselves, The file

stream clasuoa support the fol lowing functions to manage Huyh situations:

NeekgO Moves get pointer (input) to a specified location.

• aetikpQ Moves put pointer<output) to a specified Location.

• tellg{) Gives the current position of the get pointer,

• tcllp c J Gives the current position of the put pointer.

For example, the statement

tnfne,wekg(10h
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moves the file pointer to the byte number 10. RcniL-mbej', the bytes in a file are numbered
beginning from zero. Therefore, the pointer will be pointing to the 1 1th byte in the file.

Consider the fallowing statements.

ofstream fileout;

fileout L opEn{ "hello", ios: :app)

;

fnt p = ftlwut.tellpO

;

On execution ofthese statements, the output pointer in moved to the end of the file "hello"

and the value ofp will represent the number of byte* in the file.

Specifying the offset

We have just now seen how to move a file pointer to a desired location using the 'seek
1

functions. The argument to these functions represents the absolute position in the file. This

is shown in Kg. 11.8.

file

And

«ulflle.i«Blip{m);

f m tfytai

File poirlor

'Sssk
1

functionR

Fig. H-£ w Action offing argument ttvk function

kgO and sp^kpi > nan also he used with two Hr^imwnt.H hh fallows:

icekg (offset, ref position)

;

seekp (offset, refposition)

;

The parameter offset represents the number of bytes the file pointer is to be moved from

the location specified by the parameter refposition . The refpmitinn takoH rm« ofthe following

three constants defined in the ios class;

ios"beg start of the file

• iosiscur current position of the pointer

* Li)«::«nd End «f the file

The seekgO function moves the associated files 'get' pointer while the seekpO function

nrnvw th« H.sK(x:iaW ("lIw'h 'put' pointer. Table 1 1 .3 Lists fumB saffiple pointer offset tailfe and
their actions, tout is an ofttlream objrVi

.
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Table 11.3 Pointer offset calls

Seek call Action

fout seekgio, ioo:;beg); Go to start

fout.seekgio, ioa::cur1; Stay at the current position

fout-seokgio. ios::endi: Go to the end of file

Foul.seekgHn,ioB::beg^ Move to <m + lrth byte in the tile

fout.fleekffl.m
r
ins::cur); Go forward by m byte form the current position

fout.srakgi-m.,ioB::cur}; Go backward by m bytes frem the current position

fn.3ut.ii«>f!k(C('W 1ioi*::f!nd); Go hackward hy tn byte.* form the end

1 11.7 Sequential Input and Output Operations

The file stream classes support a number ofmember functions for performing the input and

output operations on files. One pair of functions, pun ? and g«tO, are designed fur handling

a single character at a time. Another pair of functions, write!) and readO, are designed to

write- and read blocks ofbinan- data.

pui() and get() Functions

The Function putt) writes a single character to ti^e associated stream. Similarly, the- function

get{) reads a single character from the associated stream. Program 11.4 illustrates how
these functions work on a file. The program rcqucjst* for A string, On rwi-'iving l\n- Mtrin^,

the program writes it character by character, to the file using the putt) function in a for

loop. Note that the length of the string is used to terminate the for Loup,

The program then displays the contents of the file on the screen. It uses the function

getO to fetch a character from the file and continues to do so until the end-of-file condition

is reached. The character read from the file is displayed on the screen using the operator «.

I/O OPERATIONS ON CHARACTERS

#1 net tide <1ostrMin*K>

{Include <fstrea«.h>

Hnclude <strfng.h>

tot main()

{

char string [80];

cout « 'Enter a String \n';

Cin » string;

(Contdi



Hidden page



Hidden page



Working with Fifes • 341

forfint i»0; i*4j // clear array from memory

h«1ght[1] Oi

ifstream inflle;

1 nf 1 1 e, open(f i 1 ename)

;

Inffle. read ((char *) k height, siieoffheightfh

f&r{1-C; f++)

(

cout.setf Eios: :sh cupel nt)

cout ** setw(10} « 5etprecisicri(2)

« height [1]

;

} —
i nf i le. closet) ;

return 0;

PROGRAM LI.

5

The output of Program 11. 5 would be;

175.50 153,00 167.25

Heading and Writing a Class Object

We mentioned earlier that one of the shortcomings of the I/O system ofC is that It cannot

handle user-defined data types such as class objects. Since the class objects are the central

elements of C++ programming, it is quite natural that the language supports features for

writing to and reading from the disk files objects directly. The binary input and output

functions, rt'adi ) unii writuO ure designed to do exactly thin jub. Thetwj functiaiiH handle' the

entire structure of an object as .i single unit, UHiing (he Winpute/fi internal repre$eiltati«n

of data. Fur instance, the function wrili-1 1 copies a class abject from memory byte by byte

with no conversion. One important point to remember is that only data members are written

to the disk file and the member functions arc not.

Program 11.6 illustrates how class objects can be written to and read from the disk files.

The length of the object is obtained using the sixeof operator. This length represents the

sum total of lengths of all data members of the object-

READING WRITING CLASS OBJECTS

f include <iostrean r h>

f include <fstreun»h*

^include <foman1&,h>

(Contd)
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class INVENTORY

I

char name [10];

int code;

float cost;

public:

void readdata(vold);

"wold writedatafvold);

};

void INVENTORY :: readdataOol d)

{

coot « "Enter name; ; dn » name;

cout « "Enter code: dn » code;

cout « "Enter cost: ; d n » cttst:

// Item nam
// Item code

// cost of each item

// read from keyboard

void INVENTORY :: wri tedata (vol dj

I

coot seticsflags(ios: : 1 eftj
« setw(lO} « nane

« setiosflags(1os: :r1ght)

« setw(10) « code

setprecisiDn{2)
1

« setw(lO) « cost

« end!

;

}

int mafnO

{

INVENTORY 1tem[3];

f stream file:

// formatted display ori

// screen

// Declare array of 3 objects

// Input and output file

ftle.openfSTOCK.OAT", i«?:1n
|

1os;;cut);

cout « "ENTER DETAILS FOR THREE ITEMS \n";

for(lnt i-0;i<3;i++)

\

1tem[1] . readdataO

;

f11e.¥ritef(char *) \ itemfi] >sizeof (item[i])>;

tContd)
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f11e.seekg{0) ; // reset to start

cout « "ViDUTPUTViV;

for(1 - 0; 1 < 3; i++}

file.read{(char *) & item[i], sizeof (item[i] })

:

i ten[i J ,wntedflta()

;

}

flle.closeO

;

return (k

PROGRAM 11.6

The output of Program 11.6 would be:

ENTER DETAILS FOR THREE ITEMS

Enter name: C++

Enter code: 101

Enter cost: 175

Enter name: FORTRAN

Enter code: 102

Enter cost: 150

Enter name: JAVA

Enter code: 115

Enter cost: 225

0U>J1

C++ 101 175

FORTRAN 10Z ISO

JAVA 115 225

The program uses 'for
1

loop for reading and writing objects, This is possible because we
know the exact number of objects in the tile. In ease, the length of the file is not known,, we
can determine the file-size in terms ofobjects with the help of the file pointer functions and
usiH H in ihi< Tifr' loop or we may use whild file] ivM approach to decide the end of die file.

These techniques ore discussed in the next section.

[ 1

1

.8 I ;pdat ing a File : Random Acess

Updating is a routine task in the maintenance of any data file. The updating would include

one or more of the following tasks:

* Displaying the contents of a file.
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cout « "CONTENTS OF APPENDED FILE W;

whf ltfmtiutfi^ 1 reid{(char -) fi I terfl, Siieof iter))

I

item.putdata{)

;

1

// Find number of objects in the file

int last * Inoutf i le.teTlg(){

int n - la^t/sizeof (item):

COUt « "Number gf objects - " « n « *\fi';

cout « "Total bytes in the fi^e = " « last « r
\n*i

/* »»»» MODIFY THE DETAIL 5 OF AM [TFM ««««< */

coot « "Enter object numher to be updated \r
l

;

Int object;

cln » object;

cin.getfch)

;

Int location *• (object-1) * sireof (item)

;

if(1noutf11e«eof{))

inoutfile- clear ()

;

i nomtf i 1 e, see kp( location}

;

cout « "Enter ne* values of the object \n";

item,getdata();

cin.get(ch)

;

inoutf11e.write(fchar *} & Item, si^eof iter) « fljsh;

/* »»»»»»» SHOW UPDATED FILE «<«««««.« */

incjutfne-seekgffl); //go to the start

cout « "CONTENTS OF UPDATED FILE \n"

;

Vjhile{inoutf i le. read ((char *) & item, si?eof Hm))
I

(Contdi
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5. We may use an invalid file name.

6. We may attempt to perform an operation when the file is not opened for that

purpose.

The C++ file stream inherits a 'stream-state" member from the class ios. This member
records information on the statue- of a file that is being' currently used. The stream state-

member uses bit fields to store the status of the error conditions stated above.

The class ios supports several member functions that can be used to read the status

recorded in a file stream. These functions along with their meanings are listed in

Table 11.4.

Table 11.4 Error hcmdiing functions

Function Return value and meaning

eofO Returns true (non-zero value) if end -of-file is encountered while reading;

Otherwise returns falseizsia)

TailO Returns true when an input or output operation has failed

badO Returns true if an invalid operation is attempted or any unrecoverable

errar has occurred. However, if it is false, it may be possible to recover

from any other error reported, and continue operation.

jgnodO Returns true if no error has occurred. This means, all the above functions

art false. For instance, if fik'.guodO it true, all iis well with the stream,

file and we can proceed to perform I/O operations. When it returns false,

no further operations can he carried out.

These functions may be used in the appropriate places in a program to loeate the status

of a file stream and thereby to take the necessary corrective measures. Example:

ifStream infile;

infile. open ("ABC)

;

whi 1e( Unfile. fail ())

{

- - - -

(process the file)

\

1f(inf1le.«of{))

t

(terminate program normally)

)

else
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The command-line arguments are typed by the user and are delimited by a space. The
first argument is always the filename (command name) and contains the program to be

executed. How do these arguments %vi intm the program:1

The raainO functions which we have been using up to new without any arguments can

take two arguments as shown beluw:

maf n(i nt anjc, char * argv[]}

The first argument argc (known as brgutftettt cttunter) represents the number of

arguments in the command line. The second argument argv (known as argument vector) is

an array of char type pointers that points to the command line arguments. The size of this

array will be equal to the value of urge. For instance, for the command line

C * exam data results

the value ofarge would be 3 and the argv would be an array ofthree pointers to strings as

shown below:

£.rgv[Q] —> exam

argv[l] data

argv[?] —> results

Note that argvLOI always represents the command name that invokes the program. The
character pointers nrgv[l] and argv[2] can be used as tile names in the file opening
statements as sh+iwn below;

infi 1 e. open (argv [1]) ; // open data Hie for reading

out f i 1

e

l open {argv [2] } j // open results file for writing

.....

- -

Program 11.8 illustrates the use of the command-line arguments for supplying the file

names. The command line is

test ODD EVEN

The program creates two files called ODD and EVEN using thecommand-line arguments,

and a set of numbers stored in an array arc written to these files. Note that the odd

numbers are written to the file ODD and the even numbers are written to the file EVEN.
The- program then displays the contents of the files.
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COMMAND- LINE ARGUMENTS

finclude <1o5tream.h*

Mnclude *fstreaiii.h>

I include «:5tdlib .fa-

int main(irvt argc, cher * argvQ)

{

int nunherp] - {11, 22, 33,44, 55. 66*77,38,99};

<f{argc J
x 3)

(

cout « "ar^c = « argc « "\n";

cnut ** 'Errcir in arguments \ti'\

exi t( 1)

;

I

ofstreairi fcutl, fcut£;

font 1. open Urgv[l]);

if{fagLl.fai1())

{

cout « "could not open the fHe"

fou t£ . open ( arg * [2] J

;

If (faut2.fa11 f)>

j

cout « "could not open the file "

exlt(l);

]

for(mt 1*fl; 1<9;

I

1flnwnb«r[l] \ I — 0}

foutZ « number[i] « * *j // write to EVEN file

else

fmitl « nunber[i] '
N
; // write to ODD file

fContd)
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foutl .close{)

;

fout£.close()

:

if stream fin;

C.hAr Ch;

for(1-l; Hdrgc;

I

fin. open fargv [f] )

;

cout « 'Contents of " « argv[i] « "\n"

;

do

(

fln^et(ch); // read a value

cout « ch; jj display It

}

while(fin};

tout '\nV;
flft.eloseOi

\

return 0:

The output of Program 1 1,8 would be:

PROGRAM 11.S

Contents of ODD

11 33 55 77 99

Contents of EVEN

22 44 Efi SB

SUMMARY

The C++ I/O system contains classes such mk ifstream, ofhtream and fKtruam to deal

with File handling, These classes are derived from fstrcamhHK« cIahh and are declared

in a header file umtream.

O A file run be opened in two ways by using the constructor function of the class and

using the member function openO of the class,

O While opening the file using constructor, we need to pass the desired filename as a

parameter to the constructor,

& The opetil ) function can be used to open multiple files that use the same stream object.

The second argument of the opent I funcrion called file mode, specifies the purpose for

which the file is opened.
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» If we do not specify the second argument of the openO function, the default values

specified in the prototype of these class member functions are used while opening the

file. The default value-s are as follows:

ios :: lit - for HstrMiti functions, meaning-open for reading only,

las :: out - for of it ream functions, meaning -open for writing only.

v> When a file i& opened for writing only, a new file ir created only if there iH nu file uf that

name. If a file by that name already exists, then its contents are deleted and the file is

presented as a clean file.

O To open an existing file for updating without losing its original contents, we need to

open it in an apjwnd ullhI*:.

The fstreani class does not provide a mode by default and therefore we must pruvide

the mode explicitly when using an object of fstreant class, We can sped I v more than

one file modes using bitwise OR operator while opening a file.

Each file has associated two file pointers, one is culled input or get pointer, while the

other is called output or put pointer. These pointers can be moved along the files by

member function*.

O Functions supported by IiIh .stream classes for performing I/O operations on files arc as

follows;

put() and getO functions handle single character at a time.

wr1te{) ond r«d() function* write and read blocks of binary data.

The class i.OB supports many member functions for managing erron; thul may occur

during file operations.

O File names may be supplied hh arguments to the mainO function at the time ofinvoking

the program. These arguments ore known as command-line arguments.

Key Terms

> append mode > binary format

character format> arg£ >

> argument counter > cle*rO

> argument vector > command-line

> argv > end-of-file

> KMtdO > eof(>

> binary data > failO
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> file mode >
> file mode parameters > loH:tnDcreate

> file* pointer >

> file stream classes > ioB^uoreptaee

> file streams > ioBittrune

> filfhuf > iortream

> files > ofstrcam

> fstream > openl)

> fstreambase > output pointer

> pet pointer > output stream

> > put pointer

> goodO > put()

> ifstrt'Hin > ranrinrn stress

> input pointer > readO

> inpjt stream > aeekgO

> Um > seekpO

> io&::app > slzeofO

> ios:;ate > streams

> ios::beg > telltf)

> ios::binary > tulip (1

> ioa"cur > updating

> > writeO

|
Review Questions

11.1 What are input and output streams?

1 1.2 What are the steps involved in using a file in a C++ program?

11.3 Describe the various classes available for file operations.

11A What is the difference between opening a file with a constructor function and
opening a file with open() function? When is one method preferred over the

other?

11.5 Explain how while(ftn) statement detects the end of a file that is connected to

fin stream

11.6 What is a file mode? Describe the various file mode options available.

11.7 Write a statement that will create an abject valted fob far writing, and associate

it with a file name DATA.
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11.6 how many file objects wouldyou need to create to manage the following situations P

(u) To prweuti four files sequentially.

(b) To Merge two sorted fifes intu a third file.

Explain.

11.9 Bath ia*::ate and kwa&pp pfaee the filt> poiate.r at the end of the file (when it ix

opened). What then, is the difference between them?

11.10 What does the current position' mean when applied to files?

11.11 Write statements using seekgO to achieve the following:

(a) To move the pointer hy 15 positions backward from current position.

(b) Tn go to the beginning after an operation is over.

i.c) To go backward by 20 bytes from the end.

*d\ To go to byte number 50 in the ftle.

11.12 What are the advantages of saving data in binary form?

11.13 Describe how would you determine number nf objects in a file. When do you
need such information ?

11.14 Describe the various approaches by which we can detect the end-offile condition

xuccexsfu lly.

11.15 State whether the following statements are TRUE or FALSE.

{a) A stream may be connected to mare than one file at a time.

(bJ A file pointer always contains the address of the file.

Cc) The statement

autf ile . write {{char *) & obj . sizeof{obj))

;

writes only data in obj to outfite.

(d) The ins.vnfte mode allows us to write data anywhere in the file.

(e) We can add data to an existing file by opening in write mode.

(f) The parameter ios::app can be used only with the files capable of output.

(g) The data written to a file with writeO function can be read with the getf)

function.

(h) We can use the functions tellpf) and tellgO interchangeably for any file.

I'iJ Binary files store floating point values more accurately and compactly than

the text files.

(j) The fin.failO call returns non zero when an operation on the file has failed.

|
Debugging Exercises

11.1 Identify the error in the following program.

4 include ^io5trearrr.h>

^include *fstream. h>

VOid main()

Copy righted m ateri al
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whi1e(!in.getline(buffer, 80))

(

cout « buffer « end 1

;

J

while(!in.getline( buffer. SO) .eof ()

)

\

cout « buffer « ertdl;

)

}

1 1.4 Find nrmrH in th« fulluwiriK statements.

(a) f fstream* 1nftlefCATA,
)j

(b) ffnl,getltne(); //finl 1s input stream

(e) 1f(f1nLeof() == C) ex1t(l)i

(d) ctose(fl);

(e) Infile^Qpen(argc)

;

ff) sf1nout.<ipen(f 1le + 1&s:: in |ios;;out| 10S::4t«);

|
Programming Exercises

11.1 Write o program that reads a text [He and creates another file that is identical

except that every sequence nf consecutive blank spaces is replaced by a single

space.

11.2 A file contains a list of telephone numbers in the fallowing form::

John 23456

Ahmed 9876

The names contain only one word and the names and telephone numbers are

separated by white spaces. Write a program to read the file and output the list in

two columns. The names should be left -justified and the numbers right -justified.

Write a program that will create a data file containing the list of telephone numbers

given in Exercise / 1.2. Use a class object tn store each sci of data.

Write an interactive, menu-driven program that will access ihe file created in

Exercise 11.3 and implement the following taska.

{&} Determine the telephone number of the sped tied permm.

(b) Delerm itte the name if a telephone number i-a known,

(e) Update ihe telephone number, whenever there is a change.
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Templates

Key Concepts

> Generic programming

> Multiple parameters in dans

templates

> Function templates

> Template functions

> Member function templates

> Class templates

> Template classes

> Multiple parameters in class

templates

> Overloading of template functions

> Non-type template arguments

i'uiHii iuti. say mull), that would help us create

flout unci double type values.

| 12.1 Introduction

Templates is one of the features added to

C++ recently. It is a new concept which

enable us to define generic classes and
functions and thus provides support for

i.'. 71 it/; nny> rvj ,',u
, rv . t.k-1 ii! ric pj-i ^raiii a ll

i

i\i

is an approach where generic types are used

as parameters in algorithms so that they

work for a variety of suitable data types

and data structures.

A template can be used to create a family

ofclasses or functions. For exam p I e\. h c Lass

template for fin array cI:ls^ vvimld Ailable

US to create arrays «f various data typfiH

such as int array and float array-

Similarly, we csti dt'Einc* a It! [H[>LhL« - Cor ;l

various versions of mul() for multiplying int,

A template can be considered as a kind of macro. When an object of a specific type is

denned for actual use, the template definition for that class is substituted with the required

data type. Since a template is denned with a parameter that would be replaced by a specified

data type at the time of actual use of the class or function, the templates are sometimes

called parameterized classes or functions,
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1 12.2 Class Templates

Consider a vector class defined as Follow.?:

class vector

(

int *yj

int size;

publ ici

wector(int m) // create a null vector

(

v = new int[sire = m]

;

for{int i=0; i<Size;

v[i] = 0;

vector(fnt *a) // create o vector from an array

fcr{1nt 1-0; \<%\ze\

v[i] = a[1]j

int operator* ("vector &y) // scalar product

int sum * D;

for(int 1-0i 1<$1ze;

sum + this v[i] * y . v[i];

return sum;

}i

The vector class can store an array at' int number* and pi-Hiirm ibe scalar product of two

int vector?; as shuwn below:

int main()

int x[3) - {1.2,31;

1nt y[3] - {4.5,6};

vector vl(3) ;

vector y£(3.) e

wl * x;

y:

Int R - vl * vZi

COUt « "ft = " « Rj

'

return 0;

}

// Crecrtps cr null vector of .i integers

If Creates vl from the array x

Copyrighted material



Now suppose we want to define a vector that can store an array <if float values. We can

do this by simply replacing the appropriate int declarations with float in the vector elaflj).

This menus that we have to redefine Ihv mure class aJl over again,

Assume that we want to define a vector class with the data type as a parameter and then

uhu this clflBK to create a vector of any data type instead of defining a new class every time.

The template mechanism enables us to achieve this goal.

As mentioned earlier, templates allow us to define generic dasseig. It is a simple process

to create a generic class using a template with an anonymous type. Tin ijt rural format of a

class template is:

templates! ass T>

class clossncm

[

// -

// closs member specification

If with anonymous type T

// Hherever appropriate

II

h

The template definition of vector class shown below illtmtratea the syntax of a template:

tnqp latere lass J>

class, vector

[

T* v i // Type J vector

int size;

public;
vector(int rn)

(

y = new T [size = m]s

for(int i=€; i^i^e;
v[i] « 0;

I

vectorfT* a)

fcr(int i-C; i-^ize„

vll] = 1(1]

i

1

T operator*(vector fiy)

I

T sum - 0;

for(int 1=0; 1<s1ze;

sum += this -> v[i] *
.y . v[i];

return sum;

\
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, note s
The £\$m template definition is very similar to an ordinary class definition except the

prefix temp]ate<c1ft& T> and the use of type T. Thia prefix tells the compiler that we
are going bti declare a template and use T as a type name in the declaration. Thus H vector

has become a parameterized class with the type T as its parameter. T may be substitute!

fey any data type including the user-defined types. Now, we can create vectors for holding

^
different data types,

Example:

vector <int> vl(10); // 10 element int sector

vector <flnat> v2(25}i U 25 element float vector

/wte> ,

The type T may represent a class name as well. Example:

vector ^complex* v3(5h // vector of 5 complex numbers
. s

A class created from a class template \& calLs-d a template frfpiss- The syntax for defining' an
object of a template class is:

classname<type> objectnan»e(argl i st)

;

This process of creating a specific class, from a cIhhs template is called instantiation . The
compiler will perform the error analysis only when an uiatuiiLiution takes place. It is,

therefore, arivisnblE* te create and debugan ordinary class before converting it into a template.

Programs 12,1 and 12.2 illustrate the use of a vector class template for performing the

scalar product of int type vectors as well as float type vectors.

Example of Class Template

include <i ostreanp

using namespace std;

con&t size 3;

teipplate ^class T>

class vector

T* v; // fype r sector

puDl i C

:

vectorf)

I

fContdi
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v - new T[size]

;

for{int 1=0;i^si2e;i++)

v[i] * Oi

\

vector(T* <i)

\

forfint i=0;i^size: f ++)

v[i] - a[i];

T uperetDr*(vectdr iy)

{

T 5um = 0;

fortint i=0;i<5ize;i++)

sum += this ->

return suru

I

h
int main()

{

U x[3] - {1,2*3};

int y[3] « {4 P 5,6|;

vector <int> vl;

vector <int* v2;

vl -

vZ =
}fi

int R * vl * v2;

cout « "R - " « R « "\ n
"

;

return 0:

The output of the Program 12 .1 would be:

R - 32

ANQTNEJt EXAMPLE OF CLASS TEMPLATE

linclude ^iostream^

using riarnespace std;

const size - 3;

template *tlass j>

PROGRAM 12.1
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class Y«ctor

(

T* v; // type T vector

publics

veetorf)

{

v = new Tlsije]

:

for(1nt i=0;i<sizei1++)

vector(T" a)

for{int i =0;i<5izeii++)-

- a[ij;

)

T operator* (vector SyJ

T Sum = 0;

for{int i-0;i ,cSTzeii++)

sun +- this -> v[i] * y.v[i];

return Sum;

I;

int main()

{

float x[3] « [1,1.2.2.3,31;

float jp[3] - [4, 4. 5, 5.6.61:

sector <float> vl;

vector *float^

vl - Xi

vZ » yj

float R - vl * vZj

cout « "R * « R « 'An";

return 0;

The output of the Program 12,2 would be;

R = 38.720001



Templates

1 12.3 Class Templates with Multiple Parameters

We can use marc than one generic data type in a class template. They are declared as a

comma-separated list within the template specification as shown below:

tempUte<cla$$ Ti t class T2. ...>

class classnme

{

{Body of the class)

Program 12/3 demonstrates the use of a template clans with two generic data types.

GENERU IN A CLASS 3EFINIII0K

finclude *io5treamf>

using namespace std;

template class Tl, class T2>
class Test

I

Tl a
TZ b;

public:
lestfjl s

h
T2 y)

a - ki
b = y-

}

void showQ
I

ceut « a « " and * « b « "\n"j

c
1

int mainf)

Test *float, Int* testl (1.23,123);
Test <fnt

fc
char5> test£ (100. 'W'):

testz.showfj;

it"-

return 0;

i>.-.W

""^'K-'r

. -
(.:

-. oft-.-:"

PROGRAM 12.3
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The output ofProgram 12.3 will be would be:

1.23 and 123

1D0 and ti

1 12 .4 Fuik t ion Tcmplates

Like class templates, we can also di-ilne function templates that could be used to create a

family offunctions with different argument types. The general format ofa function template is:

tempi ate<r.la&s, T>

return type fitnctlaname. (arguments of type T)

The function template syntax is similar to that of the class remplai.t-i except that we are

defining functions instead of classes- We must use the template parameter T as and when
necessary in the function body and in its argument list.

The following example declares a swapO function template that will swap two values of

a given type of data,

temp latere lass T>

void 5wap{T&j(
t TAyJ

'

This essentially declares a set of overloaded functions, on« for each type of data. We can

invoke the swapO function like any ordinary f'urn-lion, for example* we can apply the

HwapO function as follows:

vc-id f { i n t m,int n
p
float a, float b}

T temp m x;

x = y:

y = tempj

5wap(m.n);

//

// strop two integer values

H swop two float values
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*include * 10 stream*

tInclude *iomanip>

Unclude *cmath^

using narnespace std;

template <=cla&s T>

void rootsfj a,T b
t
T c)

(

T d - b*fc - i*a*cs

if(d »• 0) // Roots are equal

i

cent « "Rl = R2 = " « -b/(2*a) « endl;

)

else if(d > 0) // Tnw reci roofs

(

cout « "Roots are real \n";

float ft - sqrt(d)i

float Rl * (-b+R)/{?*a)i

float R? - {-b~R)/(Z'ak
cout « *R1 = « Rl « 1 and ";

cout « *R2 - * « R2 « endl;

1

eise // fleets ore complex

I

cout « "Roots are complex \n";

float Rl = -b/(Z*aJ:

float R2 - sqrt(-d}/(2*a);

cout « "Real part « H « Rl « endl;

cout « "Imaginary part - « R2;

caut endl

;

)

]

int inain(}

I

cout « 'Integer coefficients \n N
;

rootsCU-5.6);
cout « "\nFloat coefficients \n

M
;

q ^0^(1.5,3.6,5.0);

:

return 0;

PROGRAM 12 r6
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The output of Program 12.6 would be:

Integer coefficients
Roots are real

Rl 3 and R2 * 1

Float coefficients

Roots are complex

Real part - -1.2

Imaginary part - 1.375985

Function Templates with Multiple Parameters

Like template dasses, we can use more than one generic data type in the template statement,
usirttf h oinimn-H^pFLrat^cl lint as shown foulijw;

tempi at*<class Tl, claw 12 „ ...>

returrttype /wet* onflow (arguments of types T/l 4 T2»_)

{

i-i + i-i

, + {Body of function)

+ +

}

Program 12. / illustrates the concept ofusintf twu generic types in template functions.

FUNCTION WITH TWO GENERIC TYPES

^Include <to$treAnv

(HnClude *stnng>

using namespace std;

templates! ass, Tl, class T2>

vofd display(Ti n yj

tout ^<Mlw^Hv7BHMH-y ** "Vn"f

int maln()

d1splay(lM9. *EeG')i

dlspUjflZ.34, 1234);

return D;

PROGRAM 12.

7
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The output ofProgram 12,7 would be:

1999 EBC

1Z.3* 1234

1 13,6 Q>crlt>;iding of Template Functions

A template function may be overloaded either by template function or ordinary functions

of its name. In such cases, the overloading resolution is accomplished as follows;

1. Call an ordinary function that has an exact match-

2. Call a template function that could be created with an exact ">»trli

3. Try normal overloading resolution to ordinary functions and call the one that matches.

An error genemted ifno match is found, Note that no automatic conversions are applied

to arguments on the template functions. Program 12.& shows how a template function is

overloaded with an explicit function.

TEMPLATE FUNCTION WITH EXPLICIT FUNCTTQN

Jfndude *io5tream>

It include <$trino>

using namespace std;

template ^class T>

vol d dl&plflyO x)

I

cout « "lemplate display:
u « x « *Vn"j

}

void display(int x) // overloads the generic display!)

{

cout « "Explicit display: " « x « "Vn":

}

int main()
1"

(HspUy(lOO);

d1ipl4y(l2J4Ji

dlspUy('C');

return 0;

PROGRAM 12. fl
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vector<T> : : vector (int m)

{

v = ne* T[s1ze = m]

;

^r(int i«0; i<size;

v[1] - 0;

\

template* class T>

v§ctor<;T> vector{T* a)

t

fcrfint i=0; i<5 i ze; i++)

v[i] • a[i] ;

)

template* class T>

7 <vtctar<T> : : ope rator*( vector $ y)

{

T sum = 0;

for(1nt t - 0; 1 < 412€;

sum *- this -* v[i] * y.vfi]

;

return sum;

I

| 12+8 Non-type Template Arguments

Wo have seen that a template can have multiple arguments, It is also possible to use non-

type arguments, That is, in addition to the type argument T. we can also use other arguments
such as strings, function names, constant expressions and built-in typos. Consider the

following example:

tempi ate^cl ass T, int size*

clasi array

E

T a[size] ; // aufamtic array initialization

//***
,

ti
h

This template supplies the size of the array as an argument. This implies that the size of

the array is known to the compiler at the compile time itself The arguments must be
epecified whenever a template duHtt i.s created. Example:

array<i nt.lO al; // Array of 10 integ€rs

arraycfloat,5> a2; // Array of 5 floats

array^char,20> a3; // String of size ZD

The size is given as an argument to the template class.
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SUMMARY

C++ supports a mechanism known as template to implement the concept of generic

programming.

C3 Templates allow k us to generate a family of claa&es or a family of RiOCtfOfM to handle

different data types.

0$ Template classes and functions eliminate code- duplication for different types and thus

make the program development easier and more manageable.

<=> We can use multiple parameters in both the class templates and function templates.

v> A specific class created from a class template is called a template class and the- process

of creating a template class is known as instantiation. Similarly, a specific function

created from a function template is called a template function.

<=> Like other functions, template functions can be overloaded,

O M«mbfr functions of a clase template must be defined as function templates using' the

paruinuU-'ry of the duas turn plain.

O Wo may also use non-type parameters such basic or derived data typos aa arguments-

templates.

Key Terms

bubble sort > parameterized classes

> class template > parameterized functions

m. displayO > swapping

explicit function > HWHp(|

function template > template

generic programming > template class

mi instantiation > template definition

> member function template > template function

> multiple parameters > template parameter

overloading > template specification

> parameter > template*
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|
Review Questions

12.1 What is generic programming? How is it implemented in C++?

12.2 A template fan be considered ax a kind of macro. Then, what is the difference

between them?

12.3 Distinguish between overloaded functions end function templates.

12.4 Distinguish between the terms class template and template class.

12.5 A class {or function) template is known as a parameterized class (or function).

Comment.

12.6 State which of the following definitions are illegal.

{a> template<claSa T>

class city

I J fc LJ J £

(b) tempi at e<cl ass P, R, class S>

class city

{ ..... )

(c) tempi at«<class T. typename S>

class city

{ .._ };

(d) temp latere la si T, typenaroe S>

class- city

{ k
(e) classic lass T, int size* 10*

class Hit

{ - };

(f) class<cUss I = Int, tnt sfie*

class list

{ - };

12.7 Identify which of the following function template definitions are illegal.

(a) tempi at e<c lass A, B>

void fun(A t B)

{ - h
(b) tempi Ate<cl ass A, class A>

vcid f'.n(A, A)

i - k
(c) template<class a>

void fun (A, A]

{ - k
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(d) tanp latere lass, T, typename R>

1 fuh(T
p

fij

( - >;

(e) tempi ate cd ass A>

A fun (i nt *A)

{ h

|
Debugging Exercises

12.1 Identify the error in ihe following program.

Unci ude < i os t ream * h>

class Test

{

int intliumber;

float fl oat Number;

public:

Test()

{

intNumber 0;

fl oatNumber - o\0;.

}

Int getNwnbisrO

{

return IntHiRflberj

)

float getNy-iberO

(

return fl oatHumtoerg

J

)e

void main(J

[

Test oojTestl;

objTest 1 .g€^thumber ( } i

}

12.2 Identify the error in the following program,

ti nclude < lost ream.. h>

template <class Tl class T2>
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13
Exception Handling 1

Key Concepts Li Introduction

^ Errors Hud LLxut.'^ LlOIlfi

y Throwing met'hanism

r Multiple catching

^ Rethrowing excuplionti

y Exception handling mechanism

^ CHLrhinj; m hc h mi i hm

X CaLchmff all uxcvpticinti

y Restricting exceptions thrown

We know that it is wry ram that aprogram
works correctly firsit time. It might have
bugs. The two most common types of hugs
arc logic errors and syntactic errors. The
logic errors occur due to poor understanding

ofthe problem and solution procedure. The
syntactic errors arise due to poor
understanding of the language itself We
can detect these errors by using exhaustive

debugging and testing procedures.

We often come across some peculiar

problems ether than logic or syntax errors.

They are know a as exreepttotu. Exceptions

nrff run time anotri alies or unusunl
conditions that a prog;ram may encounter

while executing. Anomalies might include

condition h such as division by ssem, &cc«hs tn en array outside of its bounds, or ruun ing out

ofmemor}r or disk space. When a program encounters an exceptional cond ition, it is important

that it is identified and dealt with effectively. ANSI C++ provides built-in language features

to detect and handle exceptions which are basically run time errors.

Exception handling was not part of the original C++. It is a new feature added to ANSI
C-t-K Today k almost all compilers support this feature, C++ exception i landling provides a
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1

type-safe, integrated approach, for coping with the unusual predictable problems that arise

while executing a program,

1 1 3+2 Basics of option Handling

Exceptions are of two kinds* namely, synchronous exceptions and asynchronous exceptions.

Errors such as "out-of-ranj ?e index" and "over-flow" belong to the synchronous type exceptions

.

The errors that are caused by events beyand the control of the program (such as keyboard

interrupts r are called asynchronous exceptions. The proposed exception handling mechanism
in C++ is designed to handle only synchronous exceptions.

The purpose of the exception handling mechanism is to provide means to detect and

report an "exceptional drevjnetance" so that appropriate action can be taken. The mechanism

suggests a separate error handling code that performs the following tasks:

1. Find the problem \]Hit the exception),

2. Inform that an err or has occurred (Throw the exception).

3. Receive the error i nformation (Catch the exception).

4. Take corrective actions [Handle the exception).

The error handling codi? basically consists of two segments, one to detect errors and to

throw exceptions, and the other to catch the exceptions and to take appropriate actions.

1133 Exception Handling Mechanism

C++ exception handling mechanism is

basically builtupon three keywords,, namely.

try H throw „ and catch. T,ie keyword try is

used to preface a block of statements
( surrounded by braces.J which may generate

exceptions. This block ofstatements is known
as try block. When an exception is detected,

it is thrown using a throw statement in the

try block. A catch block defined by the

keyword catch catches" the exception
'thrown' by the throw statement in the try

block, and handles it appropriately. The
rEflj-itifjnshijJ is sh«wn Ln Fijg. 13.1,

Hie catch block that catches an exception

must immediately follow the try block that

throws the exception. The general form of

these two blocks are as follows:

try block

Cutsets afld lhro*s

an exceptor!

Crteh bloc*

Catches and hand es

(he eJtCutfirjn

Fig* 13.1 The block throwing exception
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try

(

* * * *

throw except ion;

ft Ik I

If Block of statements vhich

If detects and throws on exception

}

catch (type arg}

{

ff Catches exception

II Block of statements that

II handles the exception

}

When the try block throws an exception, the program control leaves the try block and
enters the catch statement of the catch block. Note that exceptions are objects used to

transmit information about a problem. If the type of object thrown maltha thH nr# type in

the catch statement, then catch block is executed ibr handling the exception. If they do not

match, the program is .ihiut^fl with the hc-lfi cif 1.hi- ah<irt(k fiirvrr hm wliirh is invoked by

default. When no exception is detected and thrown, the control goes to the statement

immediately after the catch blockr That is, the catch block is skipped. This simple try-catch

mfwhaninm is illustrated in Program 13. 1.

TRY RLOt* THROWING AN EXCEPTION

#1 include *1 D5treanT>

using name apace std;

1 nt main()

(

int a,b;

cout « "Enter Values of 4 and b

cin » a;

cin » b;

int x = a-b;

try

{

1f[x 1- 0)

I

iContdt
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cottt « "Result (a/x) * " « a/x « "\rv";

else // There fs in exception

throw(x)j // Throws f nt object

catch(1nt 1) //' Catcher the exception

cout « "Exception caught: x - ' « x « "Vi';

emit « "CNO";

"return 0;

PROGRAM 13.1

The output of ProgTam 13.1:

First h'un

Enter Yaluss, of a and h

20 LIS

Result (a/x) - 4

END

Secorwi ,F?u»i

Enter Values of a and h

10 10

Exception caught: % = 0

END

IVum^m : JoU-cl:- mid i;jLi-]u-s :i divi*ii>[i-by-zfi*j problem The output of first run shows a

successful ex edition, When no exception is thrown, the catch block is skipped and execution

resumes with the first line after the catch . In the second run, the denominator x becomes

zero and therefore a division-by-zero situation occurs. This exception is thrown using the

object st. Sirica the ^vreptmn ohjfi-1 is n n Int type, the catch statement containing int type

argument catches the exception and displays necessary message.

Most often,, exceptions are thrown, by functions that are invoked from within the try
blmcks, The paint ±it which thp throw ie executed is called the throw point. Once en exception

ia thrown te thi j catch block, control cannot return to the throw point This kind ofrelationship

is shown in Fig. 13.2.
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Throw point

Throw
exception

Function that causes
an sxraptirjn

try black

lnw*« » function mart

contain* in *ne*ptioti

Invoke

function

calch l,ilr.»:k

(he excepton

Fig, 13.2 *=* Fwncfwn invoked by try block throwing excqtifon

The general format of code for this kind of relationship is shown below:

type function {org iijf) // Function with e*ceptir>n

{

tbromiobject

)

; // Throws exception

try

{

}

Invoke function here

citch(fyoe org)

{

If Cctches exception

Handles exception here

I J ft b (. .
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The try block is immediately followed by the catch, block, irrespective' of the location of

the throw point.

^
Program 13.2 demonstrates how h try block invokes a function that generates an exception.

INVOKIMS FUNCTION THAT GEMRAtLS EXCEPTION

// Thro* point outside the try block

linclude ostream*

using naniE space std;

void divide(int x, int y t int z)

\

cout « "\rvWe are inside the function Vn'

if{(x-y) I" 0) // It Ts OK

(

Int R i/(x-yh

cout « 'Result - M « R « "\n";

}

(

1

// There IS o problem

// ThriM pot/it

• yj

int malnf)

I

try

cout « *Ve Are inside the try block \n"i

div1de(10,20.30); // Invoke divide/)

tflvfdeUO, 10,20); // Invoke divided

catch(int i ) // Catches the exception

{

cout « "Caught the exception W;
1

return 0;

PROGRAM 13.2
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braces, The catch statement catches an exception whose type matches with the type of

catch argument When it is caught, the code in the catch block is executed.

Ifthe parameter in the catch statement is named,, then the parameter can be used in the

exception-handling cede. After executing the handler, the control goes to the statement

immediately following the catch block.

Due to mismatch, ifan exception is not caught, abnormal program termination will occur.

It is important to note that the catch block is simply skipped if the catch statement does

not catch an exception.

Multiple Catch Statements

It is possible that a program segment has mora than one condition to throw an exception. In

such cases, we can Associate more than one catch .statement with a try (much like the

conditions in a switch statement) as shown below:

try

// try block

catch (typel arg)

// catch blockl

catch ftype2 arg)

// catch blockZ

h + + -i

+ + + I

catch (typeN arg)

// catch blockN

When an exception lb thrown, the exception handlers are searched, in ard«r for an

appropriate match. The first handler that yields a match is executed. After executing

the handler, the control goes to the first statement after the last catch block for that

try, (In other words, all other handlers are bypassed). When no match is found, the program
la terminated.

It is possible that arguments of several catch statements match the type ofan exception.

In such cases, the first handler that matches the exception type is. executed.
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f fl£>t& %

Remember, catchyJ should always be placed last in the list of handlers. Placing it

before other cntcb blocks would prevent those blocks from catching exceptions.

1 13.6 Rethrowing an Exception

A handler may decide lo rethrow the exception caught without processing It. In such

situations:, we may simply invoke throw without any arguments as shown below:

throw}

Tin - i:;juH(iK the mi.rre.n1
f
il ion U\ hf thrawji to thv wxi Iry-vuU-h KE+quencfi

and is caught by a catch statement listed after that unclosing try block. Program 13,5

demonstrates how an exception is rethrown and caught.

RETHROWING AH EXCEPTION

^include ^rostreajn'

ustrrg namespace std;

void divide (double x, double y)

cout « "Inside function \n";

try

\

1f (y « O.O)

throw yj // Iffrotting double

el se

cout « "Division = M « x/y « *\n
M

;

'

1
catch(douhle) // Catch a double

{ ft'
'

...

cout « "Caught double inside function \n";

tbro*; // Rethrowing double

\

emit « "End of" function \n\n*i

int n»in()

cout « "Inside main \n";
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try

:

di videflO. 5.2.0)

;

divide(2Q. 0.0,0)

;

catch(double)

cout « "Caught double inside main \n';

cout « 'End of main \n";

return 0;

PR0&RAM 13,5

Tht: uutpuL of the Program 13*5;

Inside main

Inside function

Division = 5.25

End of function

Inside function

Caught double inside function

Caught double inside main

End of main

When an exception is rethrown, it will not be caught by the same catch statement or any
other catch in that group. Rather, it will be caught by an appropriate catch in the outer
tryfc&tth s^quenca only.

A catch handler itself may detect and throw an exception. Here again* the exception

thrown will not be caught by any catch statements in that group, Tt will be passed on to the
nest outer try/catch sequence for processing.

| lj-7 Specifying Exceptions

It is possible to restrict a function to throw only certain, specified exceptions- Thig is achieved

by adding a throw lint clause* to the function definition. The general form of uKiitg an
exception specification is;

type function(srg-l 1st) throw (type-list)

:

., Function body

1
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O A try block may throw an exception directly or invoke a function that throws an

exception. Irrespective of location of the throw point, the catch block is placed

immediately after the try block.

We can place two or more catch blocks together to catch and handle multiple types at

exceptions thrown by a try block.

<S> It is also possible to make a catch statement to catch all types of exceptions using

ellipses as its argument,

O We may also restrict a function to throw only a set of specified exceptions by adding a

throw specification clause to the function definition.

Key Terms

> abortO function > multiple catch

> asynchronous exceptions > out-of- range index

> bugs > overflow

> catch block > re-throwing exceptions

> catch(..j statement > synchronous exceptions

> catching mechanism > syntactic errors

> errors > throw

> exception handler > throw point

> exception handling mechanism > throw statement

> exception specifying > throwO

exceptions > throwing mechanism

> logic errors > try block

|
Review Questions

13.1 What ik an exception?

13.2 How is an exception handled in C++?

13.3 What are the advantages of using exception handling mechanism in a program?

13.4 When should a program throw an exception?

13.5 When is a Catch{.+.) handler is used?

13.6 What is an exception specification ? When is it used ?

13.7 What should be placed inside a try block?

13.8 What should be placed inside a catch block?

13.9 When do we used multiple catch handlers?
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break;

case 30:

throw "En^ployee";

break

i

}

void operator ++('}

[

}

u
void main()

(

Person objPerson{l0)i

ooj Pers o

n

> getQccu p a 1 1 on ( )

;

+^Objf>&rson;

obj Person, getOtcupati on ()*

+*ob,j Person

;

obj Person
,
g e tOc c u pa 1 1 on

( )

j

\

13,2 Identify the error in the following program,

include <io5tream. h>

void cal lFunction(int i)

\

ff(1)

throw 1;

else

throw 0;

:

void cal 1 Function{char *n)

\

try

I

throw "StringOK\
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else

throw "Stri ngError"

;

\

eateh(ehar* name)

\

COUt « name « "

j

void mainQ

{

try

(

CflnFunCti&n["teStStHng ll

J;

cal lFunction(l)

j

call Functioned)

:

)

catchffrt i)

i

cout « t « " *
;

)

catch(char *nane)

cout « name « "

I

}

13,3 Identify the error in the following program,

^include <iostreair..h>

0$%% KaTinal

{

public:

Mammal
(

)

(

;

CUSS Human

:
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u

class Student : virtual public Huran

.' j

class Employee : virtual public Human

i
-

void getObject ()

throw EmpToyee{ )

:

Id ma1n()

MATirnal m;

try

m,getObject(h

catch (Manna 1 : r Human*}

cout "Human

cat c h fManna 1 : r St udent &)

cout « "Student "j

catch (Manmal : : Empl oyeefi)

ccut *^ "Employee ";

catch(, , .)

cout « "AIT;
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ISA identify errors, if any, in the following statements.

fa) catch (int a, float b)

[ t fc }

0>) try

(throw IOC;};

(c) try

[funl(M

(d) throw i t bi

(e) void divfdefint a. int b) thrcwfn, y)

{»}
(f) catch flflt x. ..... float y)

r \r

<S) try

(throw x/y;}

(h) try

{if (!x> throw x;}

catch (*)

{cout ")i is zero \n"; }

|
Programming Exercises

13-1 Write a program containing a ponsible exception. Use a try bUxk to throw it and
a catch block to handle it properly.

13.2 Write a program that illutitrates the application uf multiple catch statements.

13-3 Write a program which lines catfhf...) handler.

13.4 Write a program that demonstrates haw certain exception types are not allowed

to be thrown.

13-5 Write a program to demonstrate the concept of rethrowing an exception.

13-6 Write a program with the following:

(a) A function fo read two double type numbem from keyboard

(b) A function to calculate the division of these two number*

(c) A try block to throw an exception when a wrong type of data is keyed in

fd> A try block to detect and throw an exception ifthe condition "divide-by-zero"

occur*

Appropriate Catch block to handle the exceptions thrown

13.7 Write a mainprogram that calls a deeply nested function containing a n exception.

Incorporate necessary exception h andling mechanism.
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Introduction to the

Standard Template Library

Key Concepts
j
14 . 1 Introduction

> ft]ftwjiru evolution

> Standard template

^ Standard C++ library

^ Containers

Wjk- Sequence containers

B?..'.. Associative containers

> fieri ved containers

> Algorithms

> Iterators

y Function object

We have seen how templates can be used

t« create generic das&eti and function that

could extend support for generic

programming. In order to help the C++
users ir> generic programming, Alexander

Stepanov and Meng Lee of Hewlett-
Packard developed a set ofgeneral-purpose

templatized classes I'ulatn structures) and

functions (algorithms) that could be used

as a standard approach for storing and
processing of data- The collection of these

generic classes and functions is called the

Standard Template Library (STL). The
STL has now become a part of the ANSI
standard C++ class horary.

STL is large and complex and it is difficult to discuss all ofite features in this chapter. We
therefore present here only the most important features that would enable the readers ta

begin using the STL effectively. Using STL can save considerable time and effort;, and lead

to high quality programs. All these benefits are possible because we are basically "reusing*

the well-written and well-tested components defined in the STL.
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STL components which are now part of the Standard C-n- Library are defined in the

namespace sfrd, We must therefore use the using namespace directive

using namespace std;

to inform the compiler that we intend to use the Standard C++ Library, All programs in this

chapter usr I hi.-, dinictivi.'.

Components of STL

The STL contains several components. But at its core are three key components. They are:

• containers,

4 algorithms, and
# iterators,

Tluwif thru*? eoniponiMiis wurk in conjunction with one another to provide support to a

variety of programming solutions, The relationship between the three components is shown
in Fig. 14,1, Algorithms employ iterators to perform operations stored in containers,

Fig. 14.1 Relationship beftwvn ihc thrtv STJ. wmptmctitz

A Container is ait object that actually stores data. It in a v:uw data u< (jrHunizL^I id memory.
The STL containers are implemented by template classes and therefore can be easily

customized to hold different types of data.

Ati algorithm is a procedure that is used to process the data contained in the containers,

The STL includes many different kinds »f algorithms to provide mjpport to taHkn- such as

initializing, searching, copying, sorting, and merging, Algorithms are implemented by icm

plate functions.
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An iterator is an objectUtke a pointer.!1 that points to an element in a container, We can

use iterators to move through the contents of containers. Iterators are handled just like

pointer*. We can increment or decrement them. Iterators connect algorithm* with contains™

and play a key role in the manipulation of data stored in the containers.

As stated earlier, containers are objects that hold data {of same type). The STL defines ten

containers which are grouped into three categories as illustrated in Fig. 14.2. Table 14.1

gives the details of all these containers as well as header to be included to use each one of

them and the type* of iterator supported by each container cLh-sh.

Sequence
containers.

* deque

W

containers

* multiset

* map

* mjlbrnap

Darned
conla nars

slack

queue

i pridri1y_qu#ue

Fig. 14.2 Thryf major categoric flfpnittriners

|

Table 14, 1 Containers supported by the STL

Container Description

sector A dynamic array. Allows insertions and
deletions at hack. Permits direct access to

iiny element

list A bidirectional, linear list. Allows insertions

and deletions anywhere,

deque A double-ended queue. Allow e insertions and

deletions at both the ends. I'ernn'ts direct

access to any element.

set An associate container for storing unique sets.

Allows rapid lookup. (No duplicates allowed)

Header jffle

<vector>

.: 1 1 st >

<deque>

<Ret>

Iterator

Random
access

Bidirectional

Random
access

Bidirectional

{Conid)
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multiset, An associate container far storing non-unique

sets. I Duplicate* aUowed)

map Ail aMOCifitU' container for storing unique

icy^VEiluu' pairt. Euch ki_jy is a^soc iated with

only one value 4 One-to-one mapping'!. Allows

key-based lookup.

multimap An awotiatt container Tor storing key/value

pairB in vhich one key may he associated *ith

more than one value l.one-to-many mapping).

AIJows key-based lookup.

stack A standard atack, Laai^in-first-oiit^LZFD).

queue A standard queue. Firat-jn-flnit-outiHF'O)

pnarity— A priority queue. The first element cut s

qjOuu always tire hiyhett priority element.

<set>

<map>

<map>

::elf.ck>

<queue>

<iueue>

Bidirectional

Bidirectional

Bidirectional

No iterator

No iterator

\"r< i1r ,-iicnr

Each container class defines a set offunctions that can he ufced to manipulate its contents.

For example, a vector container defines functions for inserting e- eraents, erasing the contents,

and swapping the contents of two vectors.

Sequent*! tContainers

Sequence containers stors elements in a linear sequence , like . i
:.ne as shown in Fig. 14,3.

Each element is- related to other elements by its position along1 the line. They nil fvpnnd
themselvtw to allow insertion of elements and all ofthem support a number ofoperations on
them.

Element Q
_

!nr, i :i :

beginc)

Element 2 I.asl Etomenl

amtwrr

The STL provide thrw types of sequence containers:

• vector

* hst

deque

Elements in nil these container* can be accessed using an iterator. The difference between
the three ofthem is related to only t-heir performance. Tabic 14,2 compares their performance
in terms of speed ofrandom access and insertion or deletion of elements.
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Table 14.4 Cantd

flll_n< > Fills first n •kmenU with a specified value

generate 1 Replaces all elements with the result of an operation

generate_ni ) RepUcvs ilrsr n U-m ea1 :-, with the result of an operation

iter_Ewapf ) Swaps; elements pointed to by iterators

random shuffle! i Places elements in random order

removed 1 Deletes elements of a specified value

rcmovc_copy( f Copies a sequence after removing a specified value

remove_copyjfT l Copies a sequence after removing element* matching a predicate

reuioire_ifl J Deletes elements matching a predicate

Replaces element* with a stifled valu*

replace_ccipvi' > Copies a sequence replacing elements- with a given value

replaee_copy_ifl ) Copies a sequence replacing elements matching a predicate

replacejH ) Replaces elements matching a predicate

reversel > Reverses the order of elements

reVert£_COpj( ) Copies a sequence into reverse order

rotaUK } Relates elements

rotate_copyi ) Copies a sequence into a rotated

swapf ) Swaps two elements

swap ranges' > Swaps two sequences

transform/ ) Applies an operation to all elements

uniquel' > Deletes equal adjacent elements

unique_copy{ ) Copies after removing equal adjacent elements

Table 14,5 Sorting algorithms

Description

binary . searchf ) Conducts a binary' search on an ordered sequence

equaLranget ) Finds a subrange of elements with a given value

inplaoc_merge( > Merges two consecutive sorted sequences

lowerJboundC ) Finds the first rimirrence of a specified value

Tnake_heap( ) Makes a heap from a vqut-nn-

merge! ) Morges two sorted sequences

rith.clenieiit 1
' Puts a specified element in its proper place

partial_Eort( > Sorts a part of a sequence

partial sort topyO Sorts a part of a si-cpu'riee and ihen ropiest

Partition*' ) Places elements matching a predicate first

pop_heap* 1 Deleter the top element

push_heap( f Adds an element to heap

60rt( ) Sorts a sequence

sort_he&p( ) Sorts a heap

stable_partitiDnr i Places elements matching a predicate first matching relative order

stable sortr > Sorts maintaining order of equal elements

upper.bound 1 > Finds the last occurrence of a specified value

Copy righted m ateri al
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Table 14.6 Set algorithms

Operations

includes; )

set ^difference; h

set intersection! i

set_symmetrie_difTerence< >

.-t unionl )

Desuription

Finds whether a sequence is a subsequence of another

Constructs a sequence that is the difference of two
ordered seta

Constructs a sequence that contains the intersection of

ordered seta

Produces a set which is the symmetric difference

between two ordered seta

Produces sorted union of two ordered sets

Table 14.T Relational algorithms

equaft

lexicographical,compare*!

)

max! )

max_elementc >

mini )

min_clemcnU )

mismatchi :

Description

Finds whether two sequences are the same
Compares alphabetically one sequence with other

(jives maximum of two values

Finds the maximum element within a sequence

Gives minimum of two values

Find* the minimum element within a sequence

Finds the first mismatch between the elements in two

aaquaiuta

Table 14*8 Numeric algorithms

Gper&tiom

accumulate i

adjae*nt_differejKi." 1

inner_product( J

partial sum; }

Deacriptiim

Accumulate* the results of operation on a sequence

Produces a sequence from another sequence i

Ai c uniulates the results of operation on a pair of sequences 1

Produces a sequence by operation on a pair of sequences

14.5 Iterators

Iterators behave Like painters and are used to access container elements. They are often

used to traverse from one element to another
t
a process known as iterating through the

container.

There are five types of iterators as described in Table 14.9.

Tabic 14.9 Iterators and their characteristics

Iterator Aci-ess method Direction of movement
f*j -. U- 1 'v

I/O capability Remark

Jnpu! Linear Forward only Read only Cannot be saved

Output Linear Forward only Write only Cannot be* saved

Forward Linear Forward only Head/Write Can he saved

Bidirectional Linear Forward and backward Read/Write Can be saved

Random Random Forward and backward Read/Write Can be saved
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Different types of iterators must be used with the different types of containers (See

Table 14.1). Not* that only sequence ^nc ^ usHtxiative container* ere traversable with iteratore,

Each type of iterator is used for performing certain functions, Figure 14.4 gives the

functionality Venn diagram of the iterators. It illustrates the level of functionality provided

by different categories of iterator*.

randcm access

Fig. 14.4 c=> Functionality Venn diagram ofiterators

The input and output iterators support tht* least Functions. They can be used only to

traverse in a container. The forward iterator supports nil operations of input and output

Iterators and also retains its position in th« <:«nt«in«r. A bidirectional iterator, while

supporting all forward iterator operations, provides the ability to move in the backward
direction in the container. A random access iterator combines the functionality of a

bidirectional iterator with an ability tojump to an arbitrary location. Table 14,10 summarizes
llit; (jptn-Ltions Lhat can be performed on each iterator type-

Table 14. 10 Operations supported by iterators

Iterator Element aece#* Read Write Increment
Ofirrutin it

Input Y = *p ++ at, \m

Output *p- V ++
Forward -> v = *p *p = V ++
Hiairertional -> v = *p *p = V ++, .

.

Random smjwjw [ 1 v * *p *P m V =. :=. <. >,

+=, -= <=, >=

jl4,6 Application of Container Classes

It is beyond the scope of this book to examine all the containers supported in the STL and
provide illustrations. Therefore, we illustrate here the use* of the three mml popular

containers,, namely, vector, list, and map.
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Vectors

Hie vector is the most widely used container. It stores elements in contiguous memory
lutiLim"]^ and cjuibJes direct access to any element using the subscript operator 1 1, A vector

can change its aiztt dynamically and therefore allocates memory aa needed at run time.

The vector container supports random access iteraturH, and a wide range of iterator

uperationa (See Tabic 14.10) may be applied to a vector iterator. Class vector supports a

number of constructors for creating vector objects,

vector-Tint* vl; // Zero- length int vet: tor

vector<double> v?{lC); // 10-eleaeflt double vector

vector^l nt> v3(v4Ji // Creates v3 from v4

vector^inte v (S, 2); // 5-element vector of 2s

The ve<tOf Clas* supports several member functions as United in Table* 14.11. We can

id*:? ll^c llJ I tin.- rt'l'L algorithms on a vector.

Table. 14. 11 Important member functions of the vector class

Function Task

at* ) Gives a reference to an element

back( > (jives a reference to the lest element

be#ui( J Gives a reference to the first element

capacity ) Gives the current capacity of the sector

clear( Deletes all the elements from the vector

empty! < Dutertuincs if the vector is empty or nut

end( ) Gives a reference to the end of the vector

eraset ) Deletes specified elements

insert! > Inserts elements in the vector

pop_backi ) Deletes the last element

pugh_back>: I Adds an element to tile end

re»we< > Modifies the size of the vector to the specified value

sizei, ) Gives the number of elements

dwap( ) Exchanges elements in the specified two vectors

Program 14. 1 illustrates the use of several functions of the vector class template. Note

that an iterator is used as a pointer to elements of the vector. We must include header file

<vet;tor> tn line vector dasn in our programs

.

U&IK& VECTORS

include <io^treau»

iHncltide <vector> // Vector header file

using namespace std;

void dl splay (vector^ nt> iv)

(Contd)
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{

for(tnt i=Q;i<v.size();i++J

I .
•••• •'

.

cout « « 11

: f.-..^ft-a

cout «
J

. i>: ..

1nt malnf)

{

vector<int> vt // Create a vector of type int

cout « "Initial size « v.sizef) <w "\n- i

// Putting values into the vector %

int x;

cout « "Enter five integer vainest "i

for(1nt K5i 1++J

(

dn » x;

v. push bftckfx); •"

cout « 'Size after adding 5 values:

cout « * + slze() « B
\n'j

II display the contents

cout « "Current contents: \n"i

displaj(v)

;

// Add one more value

v.push_back(6.6) : // float value truncated to int

II Display size and contents

cout « H \nSl2e = " « v+slzeQ « *\T\*i

cout « 'Contents now; \n"s

dlsplay(v);

II Inserting elements

vector^ nt> :: Iterator i t r = v,begin(); // iterator

itr - ttr t 3; // itr points to 4th element

v.1nsert(1tr»l,9);

// Display the contents

cout « "\nConr.ents after inserting: \n";

(Conld)
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// fajiwin? 4th and 5th elements

v.eri^efv,beginC)+3 T v,begin()+5)i // Removes 4th ond 5th element

Program 14,1

Given below is th« output of Program 14.1:

Initial size 0

Enter five integer values: 12 3 4 5

Size after adding 5 values: 5

Current COn tent 4;

12 3 4 5

Size = 6

Contents now:

12 3 4 5 6

Contents after Inserting:

1 2 3 9 4 5 6

Contents after deletion:

12 3 5 6

END

The program uses a number of functions to create and manipulate a vector. The member
function rixeO gives the current size of the vector. After cresting an int type empty vector

v t»f zero size, the program put.-: live valuus into the vector unin^ the niumher function

pu&hJ>ackQ. Note that push_back() takes a value as its argument and adds It to the back

end of the vector. Since the vector v is of type int, it can accept only integer values and
therefore the statement

v»pushjucfc(6.6)i

truncates the values 6.6 to 6 and then puts it into the vector at its back end,
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The program uses an iterator to access the vector elements. The statement

vector<tnt> :: iterator itr = v.beo.in();

Ht:Uri .,n :. i , r UrandinakeBittQ point to thxL first jxi^kiun of the vector. The statements

Itr - Itr + 3;

v.insertfitr,9)i

inserts the value 9 as the fourth element. Similarly, the statement

V Era5c{v.begii()<-3
p v.hegin{J+5};

a tli (ft
del itei- 4 t,nd > elerr ents from the vector. Note that eraset rn Pn) deletes only n-m elements

ftta tir $ fixm :11
th

element and the n* element is not deleted.

the elements of a vector may also be accessed using subscripts (as we do in arrays*.

He Joe the use of vjlj in the function dhplfiyO fbr dinplnyin.g the contents of v. The call

vj&lsaO in the for loop of display f) gives the c:ument wise of v.

The list is another container that in i*jpuJurJy usmI. Jl hupporta a bidirectional, linear list

and provides an efficient implementation for deletion and insertion operations. Unlike a

ve Jtoi p which supports random access^ a List can be accessed sequentially only.

Bidirectional iterators are used fbr accessing list elements, Any algorithm that requires

b. put, output:, li:rv i:r bidirectional iterator^ csn operate on a list- CLhkh list pniviriuK

many meml>cr functions formuni pulaii ng the elements ofa lint. Importantmember functions,

o th i list class are given in Table 14.12. Use of some of these functions is illustrated in

Program 14,2, Header file <list> must be included to use the container class list.

Lists

#1tic1 ude <Hst>
#ijic1ude <c*tdl"ib> // For using romif) function

using namespace std;

void d 1 splay (11 st<1nt> 41st)

1 1 st<1 nt> iterator pj

'Cwtd>
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// Sorting and merging

l!stA + SOrt(h

UstlLsortO;
listA<merge(list&)

;

cout 'Merged sorted lists \rT;

di spl ay f M stAj j

// Reversing a list

1 IstA. reverse()

»

cout « "Reversed merged -ist \n";

dis.pl ay ( 1 i stA)

;

return(O)

;

}

Program 14,2

Output of the Program 14.2 would be:

Listl

0, 104. 63,

Li st2

265. 191. IS?. 114. 293.

Now Listl

101}, 0, 164, 63, 200,

N&w ListS

191 h 157, 114, 293.

Merged un sorted 1 1sts

100, 0, 184, 63, 191, 157, 114, 200, 293,

Merged sorted lists

0. 63. 100. 114. 157, 134. 191, 200, 293.

Reversed merged Hat
293, 200, 191, 164. 157. 114, 100. 63. 0.

TfiH pruyram dedans twu empty lista., list! with z*rti lertglh and NhL^ Ctf size ft. Tbu llatl

is filled with three values using the member function push backO and] math function

randf). The list2 is filled] using a list type iterator p and a for loop. Remember that

Copyrighted material 1
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]i*i2.bt>giit() gives the position of Llie first element while list2.tnd() gives the position

immediately after the last element. Values are inserted at both the ends using push frontO

and push back0 functions. The function pop_front() removes the first clement in the

list, Similarly, we may use pop_back( ) to remove the last element.

The »tijectfi cf list can be initialized with other list objects like

listA

TistB

1 istl;

list2;

The statement

1 i stl .merge ( 1 ist2)

;

simply adds the lists elements to the end of Llstl. The elements in a list may he sorted in

increasing order using sortO member function. Note that when two sorted lints fin> merged,

the elements are inserted in appropriate locations and therefore the merged list is also a

sorted i\nv.

We use a display () function to display the contents of various lists. Note the difference

between the implementations of display0 in Program 14.1 and Propram 14.2.

Tab It 14.12 Important member Junctions of the list class

Function

beeM )

begin* J

clear!" >

empty! )

ccidi i

erasei )

insert/ i

mergef >

pop back!, i

p*p_/rtrttt )

pukh_back( )

rmsh_fronU I

removed )

resize! )

reversed 1

sort( )

gp|ice< )

unique*. )

Task

(jives reference to the Last element

GiveE reference to the first element

Dele-tea all the elements

Decides it the list is empty or mat

Gives reference to the end of the list

Delete* element-i as specified

Inserts elements as specified

Merges two ordered liata

Deletes, the last element

Deletes the first element

Adds An element to the end

Adda an element to the front

Remove* element!! as specified

Modifies the size of the list

ReverbCB the li&t

Gives the size of the list

Sorts the list

Insert ft a list into the invoking list

Escheuigc* the elements of a list with those in the invoking hat

Deletes- the dypli-catinjr elements in the list
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Maps

A map is a sequence of (key, value) pain where a single value is associated with each

unique key as shown in Fig, 14.5, Retrieval of values is based on the key and in very fast

Wb should specify the key fai obtain the associated value.

Value 1

^ key 2 v'alue 2

Value N

Fig* 145 «=* The key-value jwirs in a map

A map ig commonly called an associative array. Thu key in sfH^iifLed usinji the subscript

operator I ] as shown below:

phone[ "John" ] = 1111;

This creates an entry for "John" and associates^ ,e. assigns) the value 1111 to it, phone is

a map abject. We can change the value, if necessary, as follows:

phone [ "John* ] - 9999;

This channel the value 1111 to 9999. We can also i rmerl and delete pairs anywhere in

the map xising insertf ) and erased 'I functions. Important m-emhsr functions of the map
class are listed in Table 14.13.

Table 14.13 Important member junctions of the map class

Function

in Cives reference to the first element
clear* ) Deletes all elements from the map
empty)! J Decides whether the map is empty or not,

end* ) Give* a reference to the end of the map
erase! ) Deletes the specified elements

findC > Gives the location of the specified element
inserti j Inserts, elements as specified

sizei ') Gives the size of the map
swap* > Exchanges the elements of the Riven map with those of the

invuking map

Propram 14.13 shows a simple example of a map used as an associative array, Note that

cmap> header must be included.
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Function objects are often used as argument* t t , certain containers and algorithms. For

example, the statement

scrt(array. array+5. great&r<irit>() )

;

uses the function object greater<iDt>( ) to sort the elements contained in array in

descending order.

Besides comparisons, STL provides many other predefined function objects for performing

arithmetical and Logi cal operations as shown in Table 14.14- Note that there are function

objects corresponding to nil the- major C++ operators. For uning Function object-H, we must
include afunctional* header file.

Table 14.14 STL function objects, in <functiona\>

Function object Type fiescripti

arithmetic yrfy

ectual_to<T> relational x ==y
greater<T> relational i > y

greater_equal<T> relational x >* y
relational

]eFti equal<T> relational < = y
logical_and<T> logics]

li^ka! n&t<T> logical tx

logical or<T> logical « llr
iniiauj*cT> iirilhnLclii i - y

nn>dtilua<T> arithmetic x %y
negat*<T> arithmetic - X

not_equal_tou<T> relational x \= y
plus<T> arithmetic x + y

multiplies<T> arithmetic s * y

Note: The variables x and y represent objects of class T passed to the function object as

arguments.

Program 14,4 illu&trateH the uae of the function object jfr*aler<;>t 1 in aarU ) algorithm.

USE OF FUNCTION OBJECTS IN ALGORITHMS

finclucfe <1ostreairt>

{include 1 go r i t hra>

{include <funct1onal>

using nauwjpace stdj

Int malnf)

I

int xQ - (10,50,30,40,20)

int yQ ' (70,90.60,80};
fCantd)
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sort jgreater^i nt>() )

;

sort (y.y*4);

for(int i=0;

tout « xfi] « " ";

cout « "\n"
:

for{int j=D; j<4;

cout « y[j] « " ";

cout « "\n";

int z[9j;

•nerge^.x+SpV k y+4,z);

*cr(i=Q; i*9;

tout « "

Ctmt « '\n"j

TEiurn(O)

;

Output u( Ffrtgranl 14.4:

50 40 JO 20 10

60 70 80 90

50 40 30 20 10 60 70 80 90

Program 14.4

The program creates two arrays x and y and initializes them with specified values. The
program then sorts both of them using the algorithm «ort( >. Note that X is sorted

using the function abject grHater<int>< ) and y i$ spurted without it and therefore til*

y
elemp-nCH iu x are in descending order.

The program finally merges both the arrays and displays the content ofthe merged array.

Note the form of mei"geO function and the results it produces.

SUMMARY

O A collection of generic cJ asses and functions is called the Standard Template

Library (STL). STL components are part of C++ standard library,

O The STL consists of three main components: containers, algorithms, and
iterators.

Containers arc objects that hold data of same type. Containers are divided into

three major categories; sequential, associative* and derived -
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y sorting algorithms

> stack

y standard C++ library

y standard template library

y templates

>

>

>

>

y

ttmplatized classes

tree

using namespace

values

vector

Review Questions

14.1 What is STL? How is it different from the C++ Standard Library? Why is it

gaining importance among the programmers?

14.2 List the three types of containers.

14.3 What i* the major difference between a sequence container and an associative

container?

14.4 What are the beat situations for the use of the sequence containers?

14.5 What are the best situations for the use of the associative containers?

14.6 What is an iterator? What are its characteristics?

14.7 What is an algorithm? How STL algorithms are different from the conventional

algorithms?

14.6 How are the STL algorithms implemented?

14.9 Distinguish between the following:

(a) lists and vectors

(b) sets and maps

(c) maps and multimaps

(d) queue and deque

(e) arrays and vector*

14.10 Compare the performance characteristics of
" the three sequence, containers,

14. 11 Suggest appropriate containers for the following applications:

(a) Insertion at the back of a container.

fb) Frequent insertions and deletion at both the ends ofa container,

(c) Frequent insertions and deletions in the middle of a container,

id) Frequent random access of elements.

14.12 State whether the following statements are true <ir false.

(a) An iterator is a generalized form ofpointer,

<b) One purpose ofan iterator is to connect algorithms to containers.

(c) STL algorithms are member functions of containers,

id) The size of a vector does not change when its elements are removed.

(e) STL algorithms can be used with c like arrays.

(D An iterator can always move forward or backward through a container.
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(g) The member function end() returns a reference to the last element in the

container.

( h) The member function baekO removes the element a t the back ofthe eon Utiwr.

(i) The sorif) algorithm requires a random-access iterator.

0) A map can have two or more elements with the same key value.

|
Debugging Exercises

14.1 Identify the tnrrar in the following pruf^rtim.

^include <io&tream r h>

^include <vector>

ifdefine NAMES I ZE 40

using namespace std;

c 1 as 5 Emp 1 DyeeMa ster

\

pri vate:

char name [NAMES I ZE];

int id;

publ i c

:

EmployeeHasterU

\

&trcpy(name f

id - 0;

\

Emp loyeeMaster (char name[NAMES[ZE] , int id)

:1d(1d)

(

stTCpy{this->name, name);

I

Emp 1 oyeeMa & ter * get Y a 1 ues F rtxnU ser (

)

{

EmployeeHaster *temp - new EmployeeWaiterf);

cout « endl "Enter user name :

cln ?> temp->na[ne;

cout « end) "Enter user ID :
*:

cin » tenip->id;

return temp:

}
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void displayRecord()

i

cout « end! 'Name \
" « name:

cout « er>dl "ID :
" « id endl

:

)

void main()

1

vector <EmployeeM«ter*> empi

EmployeeHaster "temp = new EmployeeMasterfh

emp * pu J h ba c k { g e tva 1 ues FromUs e r ( ) J j

emp [0] ->d 1 s p 1 ayRecord ( }

;

delate tempi

temp » new Emp1oyeeHaster( "Alan Kay", 3}

;

emp .push_bflck( temp}

;

emp [emp . capac i ty ( )
] - >d i spl ayReco rd ( )

:

emp [emp .si ze ( )
1 ->di spl ayRecord f }

;

}

14.2 Identify thts error in the following program.

^include <iostream>

Jinclude <vector>

using namespace std;

int miin(.)

\

vector <i nt> vl

;

vl.push_back{10)

;

vl,pu.sh_back(30)

;

vector <int> v2;

v£ t push_back(20)

;

v2.pu$h_b&ck (40) ;

if (vl==v2)

cout«"vector& are equal";

el se

cout«" vectors are unequaHt":

Yl.sw*p(Z0)i

for{int y=0i y<vl,s1ze(h
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{

COUt«'Yl-"«vl[y] «" "-,

C0Ut« H V2="<cv2[>]

\

return 0;

I

14,3 Identify the error in the fallowing program,

iMnclude*iQSt;reaiTi>

veld main()

I

list <mt> 11;

11.pu5h_front(lEJ);

Il.push_bflck(20j

;

U t push_front(3D)

;

ll > push_front(40)

j

H.pushJwckflO)

;

ll.pop_frontf40)

:

1 1 , reversef)

;

ll.uniquef);

}

\4.\ Write a code segment that does the following:

(a) Defines a vector V with u maximum size of JO

(h) Sets the first element ofvtoG
(c) Sets the last dement of v to 9

id) Sets the other elements to 1

(e) Displays the contents of p

14.2 Write a program using the firtdO algorithm to locate the position of a specified

value in a sequence container.

14.3 Write a program using the algorithm count0 to count hour many elements in a

container have a specified value.

14.4 Create an array with even numbers and a list with odd numbers. Merge two
sequences of numbers into a vector using the algorithm merge(). Display the

vector.
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14-5 Create a student class that includes a student's first name and his

roll number. Create five, objects of this clans and stare them, in a list thus creating

a phoneJit. Write a program using this list to display the student name if the

mll_number is given and vice- versa,

14.6 Redo the Exercise 14,1? using a set.

14.7 A table gives a list of car models and the number of units sold in each type in a

specified period, Write a program to store this tabic in a suitable container, and
to display interactively the total value ofa particular model sold, given the unit-

Cast of that model.

14.8 Write a program that accepts a shopping list offive: items from the keyboard and
stores them in a vector. Extend the program to accomplish the following:

(a) To delete a specified item in the list

(b) To add an item at a specified location

ic) To add an item at the end

id) To print the contents of the vector
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Manipulating Strings

A string is a sequence of characters, We
know that C++ doejs not support h built-in

string type. Wo have used earlier null*

terminated character arrays to store and
manipulate string's. These strings are called

C-strings or C-styte strings. Operations on

C-strings often become complex and
inefficient. We fan alsct define our uwn
string classes with appropriate member
functions to manipulate strings. This was
illu&lratud in Program 7.4 (Mathematical

Operation of Strings).

ANSI standard C++ now provides a new
class called string. This class improves on

the convention ft! C-ittringfl in several ways,

In many situations, the string objects may be used like any other built-in type data. Further,

although it is not considered as a part of the STL, string is treated as another container

class by C++ and therefore all the algorithms that are applicable for containers can be used

with the string objects, For using the string class, we must include <rtring> in our program.

The string class is very large and includes many constructors, member functions and

operators. We may use the constructors, member functions and operators to achieve the

following;

Key Concepts

"> C-atringe

^ The string t:lFtsn

2* Creating string objects

> Manipulating strings

^ Relational operational on strings

^ Comparing strings

String chjiractcrintics

J* Swapping strings
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Creating string objects

* Reading string objects from keyboard

Displaying string objects to the screen

• Finding a substring from a string

• Modifying string objects

# Comparing string objects

* Adding string objects

* Accessing characters in a string

• Obtaining the size of strings

# And many other operations

Table 15.1 gives prototypes of three most commonly uwd constructora and Table 1E.2

gives a list of important member functions. Table J 5. 3 h'sts n number of operators that can

be used on string objects.

Table 15.1 Commonly used string constructors

Contractor Viage

StringO ; For creating en empty string

String^const chat *etr); Kor creating a string object from a null-terminat

Hfrinp cnast scrinR & i f, For creating a string object from other string obj

ed HI

1

jing

Table lS +2 Important fimctkms supported by the string class

Function T<tJfk

appendO Appends a part of string to another string

AaeignO Assigns a partial string

atO Obtain* the character stored at a ^p^cified Location

BeguiO Returns a reference to the start of 9. String

srapadtyO Gives thu total dements that can be «tored-

comparei 1 Comparer string against the invoking string

emptyO Returns true if the string is empty; Otherwise return* falsi-

«ndO Returns a reference to the end of a string

i-ni-H-i • Removes characters as specified

findO Searches for the occurrence of a specified substring

insert!) IrJSl-rt* ih.:ij;:i l .i-r.-; ;il ,i k p«-<- fi i
-rl LinTilirtrt

Length'' i Gives the number of elements in a string

max sizei j Gives the maximum possible size, of a string object in a give system

replaceO Replace specified characters with a given string

Changes the size of the string as specified

Gives the number of characters in the string

swapO Swaps the given string with the invoking string

Copyrighted material



430* Object-Oriented Programming u/iih C++

Table 1S.3 Operators for string objects

Operator Meaning
\ 1 trr. i i i jip|4iusipjrni\\\

+ = l.'VJiLdlClJlllJULI BO J 1 LLLPE J L

a 1'
i I 1

'

'

-•-
1 if •/ 1 p i * 4 1 i r v

< Le&j, than

Lets than or equal

> Greater than

> = Greater than or equal

[] Subscription.

« Output
» Input

1 15*2 Creating (string) Objects

We can create string objects in a number ofways as illustrated below:

string si;

string $2["xyz");

si - t2i

s3 - "abc" + sZ

cin » si;

jetl i ne(ctn, slj

;

// Using constructor with rtp argument

If Using one- argument constructor

II Assigning string objects

II Concatenating strings

II Heading through keyboard (one word)

II Reading through keyboard c line of text

The overloaded + operator concatenates two string objects. We can also use the operator

4= to append a siring to the end of a string. Examples:

S3 += ill

s3 += "abc";

// s3 = s3 + si

If s3 " sJ 4 'abc
1

The operators « and » are overloaded to handle input and output of string objects.

Examples:

COut « %l\

getline(cin, ^Z);

II Input to string object {one nord)

1/ Displays the contents of s2

II Reads embedded blanks

note

Using cin and » operator we can read only one word of a string while the getlineO

function permits us to read a line of text cont aining embedded blanks

Program 15.1 demonstrates the- several wave of ereatinp: ^Lrinp: objects in a program.

C opyrighted m ateri al



Manipulating Strings #431

^include <1 OStreariP-

((include *string>

using namtspaee atd;

fnt roainO

// Creating string objects

String si;

string s,2(" New")*

string &3(" Delhi"}';

// Empty string obj-ect

II Using string cms tout

II Assigning value to string objects v
si = %Z\ II Using string object

il 'Standard C++";

emit « How $l « si « "Vn"?

// Using another object

string s4{sl)

;

COiit « H
S4 - " « s4 « "\n\n"j -

// Reading through keyboard ^r^^^'^fifi--.

Cout *< "ENTER A STRING \n\

cfni >s // Delimited by blank space

cout « "Now 54 3 " « 54 « H
\n\n":

// Cflflccrtewtlflj strings

il - sZ + s3;

cout ,« -
S1 finally contains* " « si «

cout « "Si - ' « si "\n*;

// iteing o string constant

return 0»

The- uutput ofProgram 15,1 would be:

SI - New

How SI Standard C++

S4 = Standard C++
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ENTER A STflING

COMPUTER CENTRE

Now S4 • COMPUTER

51 finally contains: New Delhi

1 1 5.5 Manipulating String Objects

We can modify contents of string objects in several ways, using the member functions such

us insertOt rf>plnceO> «rsisefj, Fmd uppencIO- Program 15 2 demonstrate^ the Vtt ofwmc
of these functions.

MODIFYING STRING 0 EJECTS

include <io$tream

include <^tring>

us^no <iame space std;

int nain()

\

String il (*12W

)

;

string s2f"abcde H
);

cuut < < "Ordinal Strings are: \n M
;

caul « "Si: " si « "\n*i

cout « "SZ:
11 « « "Vn\n

H
:

// Jns#rt irt^ a strfrt? info Mother

cout *< "Place S2 Inside SI \n";

sl.insert(fl,s2};

cout « "Modified Si: - « si « "\n\n*;

// ft&nQvifig characters frf Cr String

cout << "Remove 5 Characters from 51 \n";

si ,erase{4, 5)

;

cout « "How SI: " ** si « '\n\n";

// Replacing characters la a string

cout « "Replace Middle 3 Characters In S2 rfth SI

<Cot\td)
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[

Int w»in{)

string sl(*A8D;

strlrtfl i2(
m
Vfl'};

Sjtflns s3 - si + s2;

1f{sl 3- s2)

rout « "si is not equal to s? \n*j

i f (Si > 52}

cout « "si greater than s2 V;
el se

cout « "s2 greater than si \n";

ff(s3 « si + s2)

cout <«; N
s3 Is equal to sl+s2 VAn";

tot x - sl.conpare(s£);

cout « "si == s2 \r\*i

else ff(x > 0)

cout « "si > 42 \nm i

else // x < 0

tout « "si < s2 \n";

return 0;

I

Program 15.3 shows, how these operators are used.

This program produces the following output:

si is not equal to s2

s2 greater than si

s3 is equal to sl+&2

sl * s2

PROGRAM 15.3

15.5 String Characteristics

Class string supports many functions that could be used to obtain the characteristics of

strings such as size, length, capacity, etc. The size or length denotes the number of elements
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currently stored in a given string. The capacity indicates the total elements that can be

stored in the given string. Another characteristic is the maximum sue which is the largest

possible siae of a string object that the given system can support. Program 15,4 illustrates

how theise characteristics are obtained and used in an application.

OBTAINING STRING CHARACTERISTICS

(Include <tostreaitt>

(Include <sr.rtng>

using namespace std-

vold displayhtrlng istr)

(

tout « "Si 26 = H « str.size() « "VT;
ceut « *L«p>gth - ' « strJength{) « *W;
cout « "Capacity -

M « str.ctpacltyO « "\n"i

tout « ^Maximum Size " « 5tr,itw*_s1ze0 « "\n"

j

cout « "Empty; « (str.etnptyf) 1 "yes" : "n&'h
cout « "\n\n*;

Int malnO
{

string strl;

cout « 'Initial statust \n";

displayfstfl);

cout « 'Enter a string (one word} \n*;

cin » Etr 1

;

cout « "Status now: \n";

di splay(strl)

*

stri + restie(I5)

:

cout << "Status after resizing? \n*

;

displayfstrlj;

cout *< m\nm
i

return Oj .......

J

if •

V t :.vjrr..

Ij . i s

PROGRAM 15,1

Shown below is the output ofProgram 15.4:

Initial status:

5ize = 0
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using namespace 5td

:

int nairf)

I

string s ("DUE TWO THREE FOUR");

cout "The String contains; \n";

for(int i*Q;i<s,length()i1++ )

cout « s^dtfUi // Display one character

cout « *\riStrtng Is shown again: \n";

for(int j'O;***. length (};f*+)

tout s[j];

int xl « 5. find ("TUB");

cout « "\nWTW0 is found at: " « jtl « "\n
M

;

int x2 * s,find_Hrst_of('T');

cout « "\nT is found first at: " *< xZ « 'V;
int x3 » s.f indJast_of ('R' J

;

cout « "\nR is last fcrnnct at; " « *3 « *\n"j

cout « "^Retrieve and print substring TyO \n";

tout « s .substr(xl ,3)

;

cout « "\r»";

return 0;

}

Shown below is the output of Program 15.5:

The string contains:

ONE TWO THREE FOUR

String is shown again:

ONE TWO THREE FOUR

TWO 1s found at: 4

T is found first at: 4

R is last fount at; 17

Retrieve and print substring TWO

TWO
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We can access individual characters in a string using either the member function ati ) i>r

the subscript operator [ 1, This is illustrated by the following statements:

cout « s ,at(i )

;

cout « 5 [f]

;

The statement

fnt xl - 5.findCTHD")[

locates the position of the first character of the substring TWO". The statement

COUt « $.SufcStr(xl,3)
;

finds the substring 'TWO". The first argument xl specifies the location of the first character

of the raquirt*d Hubntriny and the KEHZond argument, give* the length yf the substring.

[ 15,7 Comparing and Swapping

The string supports functions for comparing and swapping- Strings. The compared function

can be used to compare either two strings or portions of two strings. The swapO function

can be used for swapping the contents of two string; objects , The capabilities ofthese functions

are demonstrated in Program 15, 0,

COMPARING AND SWAPPING STRINGS

Unclude *iastreair>

^include <string>

using namespace std;

int m&1n()

fc|>."
string slCRotd

-
);

string s2(*Read
-
);

string «3 (*fled")

;

cout « M =
u « si « "\rtV

cout « "s2 = " « sZ « "\n
B

;

cout « "S3 =
M « S3 « "\n";

int x si .compare (52 J

;

1f(n « 0)
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cout « "si ™ s2" « H
\n';

else If fx > 0)

cout « "si * sZ" « "\n"i

else

cout « "si < s2" « "\n*a

1nt a 5l.canpape(5p2 > 52,0 p 2J

;

1nt b - 52 + campar*{0,2,sl»Q,2h

1nt c - sZ, compar*(0,2, s3,0,2)

;

1nt d = s2 + comper«{s2,size()-i 1 i,53,53.5ije[)-l 1 l);

cout « "a

cout « "c « c « '\r\* « "d

« b « "\n
B

;

« d « "\n\

COut « *\n Before swap; \rT;

cout « "si " « si « H \n M
;

cout « "s2
p « s2 « p

\n"i

sl,swap(s2)

;

cout « "VnAfter swap: V •„

cout "si ** %\ *< m
\n m

\

COUt « "S2 - " « S2 « "\n M
;

return 0):

The output of Program 15.6:

si - Road

s2 - Read

ii = Red

si > s2

& = 1

b = -1

c 0

d . o

Before sviap:

si = Road

S2 = Reaq

PROGRAM 15.6

Aft&r *,*$.p:

sl Read

s2 Road!
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The statement

int x • il.cmnparefsZ)

:

compares the string si against s2 and x is assigned 0 if the strings are equal, a positive

number if si is lexicographically greater than s2 or a negative number otherwise.

The statement

int a sl.co*npare(0.2.52,Q.2)

:

compares portions of si and &2. The first two arguments give the starting subscript and
length of the portion of el to compare to 6(2, that is supplied as the third argument. The
fourth and fifth arguments specify the starting subscript and length of the portion of s2 to be

compared. The value assigned to a is G, if they are equal, 1 if substring of si is greater than

the substring of sfl„ -1 otherwise.

The statement

O Manipulation and use ofC-style strings become complex and inefficient. ANSI C++ provides

a new class called string to overcome the deficiencies of C 'Strings.

v> The string class supports many constructors, member functions and operators for creating

and manipulating string objects, We can perform the following operations on the strings

:

Reading strings from keyboard

Assigning strings to one another

Finding substrings

Modifying strings

Comparing strings and substrings

Accessing characters in strings]

Obtaining size and capacity of strings

Swapping strings

Sorting strings

exchanges the contents of the strings al and *2.

SUMMARY
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Key Terms

> v insert!

)

> apptmui P Length.

1 C_ £2 T JTT\ f )i v 1 j| n . ,i i L_ f°\l-SDgtmJ

> v
i * :_, I .i pnicoi

> V m H.X._r>l.Z*M f

capaClTA > lULIi.IJILU.Jii ilZe

r relational operators

> repi a.cel. J

coiTLpfinng ^cnn&pn size

w C-strings -SlZt(J

> > a LllIIU

> empty0 > string class

> endO > string constructors

> > string objects

> flnd() V ub*tr()

> rmd_fir«t_(rfO > substring

> nnd_lwrt_of<) > swap( >

> getUneO > swapping strings

|
Review Questions

15.1 State whether the. following statement* are TRUE or FALSE:

(a.) Fur tiHtntf Hiring claxx, we muat include the header <atring>.

(b) string objects are nidi terminated,

(c) The elements of a string object are numbered from 0,

(d) Objects ofstring class can be copied using the assignment operator.

(e) Function endd returns an iterator to the invoking string object.

15.2 How does a string type string differ from a C-type string?

15.3 The following statements are available to read strings from the keyboard.

(a) cin » sis

(b] getTHnefctn. slj;

where wl is a string object- Distinguish their behaviour,
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15.4 Consider the following segment of a program:

Strtng sl("man"), s2,

52.assignfsl):

S3 = si:

String s4(
H wO H + S-l)

;

s2 ** "age";

s3. append
( "aqer 4

}

;

sl[0] = "v'j.

State the contents of the objects si, s2> s3 and s4 when executed.

15.5 We can access string elements ming
(a) function

(b> subscript operator [ j

Compare their behaviour.

15.6 What does each of the following statements do?

(a) s. replace (n,l t

m
f*);

fb} s.erase(lO);

ft} si. insert (10 t s2}}

fd} int k * sL compote {&, s2.siie{). si);

(e) si sl.substrflO, 5);

15.7 Distinguish between the following pair offunctions

-

(a) maxjizeO and capacity)

(b) findO and rfindQ

(c) beginO and rbvginO

|
Debugging Exercises

15. 1 Identify the error in the following program.

Include <1 ostrearruh>

Include <str1ng>

using name space std;

void mftinf)

{

string strK-ghi"):

string stri[
H
at>c

H + "def"):

str2+=strl:

cout « strZ. c_strf

)

'

t

Identify the error hi the following program.

include *i o-5trean»,h>

}

is. 2
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^include -string*

using namespace std;

void maln()

I

String Strl("ABCDEF")

;

string str2("123")

;

String str3;

strLinsert{2i str2)

:

strl,erase{Z.?)

;

5trl.replacef?*5tr2j

;

cout « strl,c_str()

;

tout « endli

15,3 Identify the error in the following program.

^include ^ostreaip

^include *stri ng>

using namespace std;

class Product

I

int iProductNumber;

string strProductNane;

publ ic:

Product 0
{

I

Product (const int Inumber, const string Iname)

(

set Product Number (riunber)

;

set Product Name (name J

;

:

void set Prod uctHumberf int nj

:

iProductNumber = n;
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}

void setProductNamef const string str)

{

strProductName - str;

)

int getProductNumberf)

1

return IProductNumber:

}

contt string getProductNameO

(

return strProductName :

)

Product* operator = (Product Source)

[

setProductNuml>er(source* 1 Product Number)

:

string ^trTGmp = source. strPrnductName;

5 e t P rod u c tName f & t rTenp )

;

return *thisj

}

void displayf}

{

ccut « " Productions :
" « jet Product name (J ;

COut « H 11

COJt <* "ProductNunber j
" « getProduct Number (}

;

cout « endl

;

\

void maimO

{

Product pl(l, 5)

i

Product p2(3, "Dates');

Product p3;

p3 p2 * pi;

Copyrighted material



Manipulating Strings *445

p3.disp1 ay(};

pZ,dispi ay{):

15.4 Find errors^ if any
f
Id the following segment of code,

int len si. length();

for (int 5=0; l<len;++1

)

tout « si . at[]

;

|
Programming Exercises

15.1 Write a program that reads the name

Hartin Luther King

from the keyboard into three separate string objects and then concatenates them

into a new string object using

(ft) -+ operator and

(b) appendO function .

15.2 Write a program using an iterator and whileO construct to display the contents

of a string object.

15.3 Write a program that reads several city names from the keyboard and displays

only those names beginning with characters "B" or C .

ISA Write a program that will read a line of text containing more, than three words

and then replace, all the blank spacer with an underscorei_}.

15-5 Write aprogram that counts the nam ber ofoccurrences ofa particular character,

say e', in a line of text.

15.6 Write a program that reads ike following text and counts the number of times

the word "It
9
appear* in it.

It is new. It is singular.

It is simple. It mast succeed!

15.7 Modify theprogram in Exercise IS. 14 to count the number ofwords which start

with the character 's\

15.8 Write a program that reads a list of countries in random order and displays
Ihr.ni rrr tilpttabeti/cnl order, Use comparison operators and functions.

15.9 Given a string

string s{»12345$?99 w
);

Write a program that display^ the following:

1

232
34543

4 5 $7 55 4

567S9S 765
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New Features of ANSI C++

Standard

Key Concepts

y Bcxjlean type? data

"> Wide-character literals

y Constant casting

y Static casting

y- Dynwrmr: casting

> Reinterpret casting

y Runtime* type infarmation

y Explicit con&tructara

y Mutable member data

y N'ameRpFU'efi

y NeBting of namespaces

W Operator keywords

y Using new keywords

y New style for headers

1 Introduction

The ISO / AN5T C++ Standard adds several

naw features to the original C+ +

specificatum*. Some are added to provide

better corttrol in certain Hituntions and
others ure added fctr providing conveniences

tfl C++ programmers. It is therefore

important to note that it is technically

possible to write full- fledged program

s

without using any of the new features.

Important features added are:

L New data types

bool

wchar_t

2. New operators

const_cast

static_cast

dynamic_caBt

reinterpret_caBt

typeid

3. Class implementation

implicit, eonfltructoris

Mutable memberb
4. Namespace scope

Copy righted m ateri al
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5. Operator keywords

S, New keywords

7. New headers

We present here a brief overview of these features,

1 16.2 New Data Types

The ANSI C++ hjui added two new data types to enhance the range (if data type* available

in C++. They are boot and wchar t

The boo! Data Type

The data type bwl has been added to hold a Boolean value, true or false, The valuer true
and false have been added as keywords to the C++ language. The bool type variables, can

be declared as follows

.

bool bis // declare bl as bool type

bl true; // assign true value to it

boa! b2 false; // declare and initialize

The default numeric value of true is 1 and false is 0. Therefore, the statements

cout "bl " « bl; // bl is true

caut « *b2
h « bZ; // bZ is false

will display the following output:

bl - i

b-E = 0

We can use the bool type variables or the values true and false in mathematical

expressions. For instance,

int j! - false + 5**n - bl;

is' valid and the expression on the right evaluates to 9 assuming bl is true and m is 2.

Values of type bool are automatically elevated to integers when used in non-Boolean

expressions

.

It is possible to convert implicitly the data types pointers, integers or floating point values

to bool type. For example, the statements
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bool x = C;

heel y = 1M;
bool z - 15.75*

assign false to x and true to y and z.

Program 16.1 demonstrates the features of bool type data,

USE OF bool TYPE DATA

using namespace std;

1 nt maSn{)

I

int xl • 10.XZ - 2Q.ii! * 2;

boot bl. bZ;

bl - XI «* xZ;

bl - *1 * *Z;
ff False

// True

CCut « "bl t* " « bl «
cout « -b2 f* " « b2 « "\n H -

bod! b3 - true;

cout « "b3 ts « b3 « "\fl
H

i

cout « "Very Good' « "\n";

cout « "Very e»d
B « 'Xn*;

int *3 - false * 5*m-b3;

b% » x3;

b2 11 0;

cout « *x3 - " « x3 « \n u
;

cout "New bl - " « bl « arid bZ

return fl;

« b2 « "\n'

PROGRAM 16.1

The output of Program 16.1 would be:

bl 1s 0

b2: It J
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b3 is 1

Very Good

*3 = 9

Now bl = I and b2 = Q

The wehar_t Data Type

The character typo wchar t has been defined in ANSI C++ to hold 16-bit wide characters,

The 16-bit characters arc used to represent the character sots of languages that have more
than 265 character^, uueh as Japan^^u. This Lh importAnt if we are writing programs for

international distribution.

ANSI C++ also introduces a new character literal known as u.\idecharacter literal which

uses two bytes of memory. Wide_charnctcr literals befn'n with the letter L, as follows:

L'xy' // w i.de_choracter literal

[ 1 6 .3 \ew Operators

We have used cast operators <also known as cants or type casts) earlier in a number of

programs. As we know, costs arc used te convert a value from one type to another. This is

necessary in situations where automatic conversions are not possible. We have used the

following forms of casting:

double x = doublet m); // C++ type casting

double y - idouble)n; // Ctype casting

Although these casts still work, ANSI C++ has added several new cast operators known
as static casts, dynamic mats, reinterpret casts and constant casts. It also adds another

operator known as typeid to verify the types of unknown objects.

The static cast Operator

Like the conventional cast operators, the static_cast operator is used for any standard

conversion of data types. It can also be used to cast a base class pointer into a derived class

pointer. Its general form is:

static czst^type* [object

}

Here, type specifies the target type of the cast, and object is the object being cast into the

new type. Examples:

int m = 10;

dauble * = static cast<douhle> (m)

j

char ch - stat1c_cast<char^ fm)

;
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The type, must be a pointer or a reference to a defined class type. The argument object

must be expression that resolves to n pointer or reference. The use of the operator

dynHmic_castO is also called a type -safe downcast.

The typeid Operator

We can use the typeid operator 1<i ukum the types of unknown objects, such as their class

name at runtime. For example, the statement

char *OD)ectType * typflid^a&jecf ) .name()

;

will assign th« type uf "object" to thv. character array ubjeclTyp* which can be printed out>

if necessary. To do this, it uses the numrfi membur function of the type info class. The

object may be of typ« int, float, etc, or ofany class.

We mu&t include <typeinfn> hendfr C\]f 1o mm- iho ripe™ torn dynamic.caat and typeid

which provide run-time type information (RTTlt.

ANSI C++ Standard adds two unusual keywords, explicit and mutable, for use with class

members.

The explicit Keyword

The explicit keyword is used to declare class constructors to be "explicit" constructors. We
have seen earlier, while discussing constructors, that any constructor called with one

argument performs implicit conversion in which the type received by the constructor is

converted to an object of the class in which the constructor is defined. Since the conversion

is automatic, we need not apply any casting. In case, we do not want such automatic

conversion to take place, we may do so by declaring the one-argument constructor as explicit

as shown below:

class A6C

int mi

publ ic:

explicit ABC (int 1J // constructor

m 1 i

//

//
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Here, objects of ABC class can be created using only the foliowinu form

ABC abclflOOh

The automatic conversion form

ABC abcl - 100;

is not allowed and illegal. Remember, this form is permitted when the keyword explicit is

not applied to the conversion.

The mutable Keyword

We know that a class object or a member function may be declared as const thus making
their member data not modifiable. However, a situation may arise where we want to create

a canst object (or function) but we would like to modify a particular data item only. In such

situationswe can make that particular data item modifiableby declaring the item as mutable.
Example:

mutable int m;

Although a functiontor class) that rahtaine ffl is de^Larwil cimfit, the value ofm may be

modified. Program 16.2 demonstrates the wje of a mutable member.

USE OF KEYWORD mutable

^include <icstream>

siny namespace std;

cla&s. ABC

t

private;

Mutable int n; // mutable member

publ ic;

tnpHc.lt ABC{int x = 0)

| &
void changed const // const function

I

m - m+10;

int display^ const // const function

I

return m;

i
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tut main()

const A&C ibcflOO);

cout « **bc contains: «

ahcchangeO

;

cout « "Vnahc no* contains

cout « '\n*;

// const object

abcdtspUyO;

// changes jnutofrfe rfotd

« abc.displayf);

return 0;

The output of Program would bo:

PROGRAM 16.2

abc contains: 100

abc now contain?: 110

r note
Although the function changed has boon declared constant, the value of m has been

^
modified, Try to execute the program after deleting the keyword mutable in the program^

|l6+5 Namespace Scope

We have been defining variables in different scopes in C++ programs, such as classes

functions, blocks, eter ANSI C++ Standard has added a new keyword namfspwe to define

a sc4>pe thai tuuLri htfld ^Inbul identifier*. Thit bent example of namejipftce scope ifl the C++
Standard Library. Alt classes, functions and templates are declared within the namespace
named std. Thai i« why we have been using the directive

using namespace std;

in our programs that uses the standard library. The using namespace statement specifies

that the memliersi- defined in *td rjflme.Hpaye will be used frequently throughout the program.

Defining a Namespace

We can define our own namespaces in our programs. The syntax for defining a namespace
is similar to the syntax for defining a class. The general form ofnamespace is:

namespaje rtamespace_nme

i

// Declaration of

fl variables, functions, classes, etc.

)
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note*
[ There is one difference between a class definition and a namespace definition. The
I namespace is concluded with a closing brace but i\o terminating uemicolon.

X y
Example:

namespace TestSpace

(

in* m;

void displayfint n)

\

COllt « H\

)

\ II Ho semicolon here

Here, the variable m and the function display are Inside the scope defined by the

TestSpace namespace. If we want to assign a value to m t we must use the scope resolution

operator as shown below.

Te-st 5pace"ni = 100;

Note that m is qualified using the namespace name.

This approach becomes cumbersome if the members of a namespace are frequently used. In

such cases, we can use ;l using directive to simplify their access. This can be done in two ways:

using namespace name spa ee_name ; // using directive

using nanwspace name: :meirher_narwi // using declaration

In the first form, all the members declared within the specified namespace may be accessed

without using qualification. In the- second form, we can access only the specified member in

the program, Example:

using namespace TestSpace;

m lflOi // OK

displayed}; // OK

using Te$t$pace: :m;

m = IOC; // OK

dispTay{200); // Not ok, display not visible

Nesting of Namespaces

A namespace can be nested within another name-space. Example:

namespace NS1

{
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I

i

Int pi - 200;

\

Int i»1n()

I

ccut « "x « Ramel

tout « *<n = ' « Narael

cout « "y « « Namel

// Unnamed namespace

Na-ne2;:y « H
\n

H
:

cout « "n • H ** m « "\n';

return 0;

// x if qualified

// y *s /uJIy qualified

// nr is yioiwi

The output of Program 16,3 is;

* = 4.56

m = 100

y - 1.23

nt = ZOO

note
have used ths? vuriHbL(> m in twct [lifFerHrU hcojh' - J

Program 16.4 shows the application of both the using directive and using declaration.

ILLUSTRATING THE, usi/vg KEYWORD

flriclude <1ostreaw>

using namespace std»

li Defining a namespace

namespace Hamel

{

double x » 4.56;

int m • 100;

itMiespAc^ Nave2 // nesting namespaces

{Contd}

i
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nt dlv1d«(1nt x.int y) // definition

return fx/y)

;

M
ifit

i

j

1nt

t

1 n t prodflnt x.1nt y); // (fee J cjrat itvi only

Function^;: prodflnt x.int y) // qualified

return (x*y)

s

using namespace Functions;

tftut « "Division:
M « divide(20,lD) «

ctHJt « 7<ul Hp! Nation: " « prOdtfO.10) « "V

return 0;

PROGRAM 16.5

Hie output of Program would be;

Division: 2

Multiplication: 200

/toft'
When a function that is declared inmciv h nameHpwe k defined outside h it should be
qualihOiJ-

Frogram 16.6 demonstrates the use of classes inside a namespace.

USING CLASSES IN NAMESPACE SCOPE

Include <iostrean*>

using nasnespace stttt

namespace Classes

i

cTass Test
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private:

1r>t IBi

puts 11c:

T&it(int a)

\

m a;

1

void display{)

\

cout « "m = " « m « "\n";

1

U
)

int iwlnf)

// using scope resolution

CI him: :Test T1{ZM);

71 ,disp1ay()

t

// ys<r?j directive

using namespace Classes;

Test T2[4QQ)[

T2.display();

return Oj

)

PBOSftAM 16,6

The output of Program 16.6 would be;

m = 200

m = 400

1 16.6 Operator Keywords

Thin ANSI C++ Standard pronoun keywords for several C++ operatnrH. Thuss keywords,

LLsUtd. in Tabls 16.1, v.art be used in place at operator symbols in expressions. For example,

the expression

n > y 111 m !
= 100

may Iwt written as
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x = y and m not_eq 100

Operator keywords not only enhance the readability of logical expressions but are also

ueeful in situations where keyboards do not support certain special characters such as &,
* and

Table 16.1 Operator keywords

Operator

I I

1

!=

ft

!

Operator keyword

m J

of

not

bitand

bitor

MM-

tompl

and_eq

Or_eq

jtor_eq

Description

logical AN! J

luteal OR
logical NOT
inequality

bitwise AND
bitwise inclusive OR

bitwise complement

bitwise AND assignment

bitwise inclusive OR
assignment

bitwise exclusive OR
assignment

1 16,7 INcw Keywords

ANSI C++ has added several new keywords to support the now feature . Now, C++ contains

64 keywords, including main. They are listed in Table 16.2. The new keywords mm huldtWced.

Table 16.2 ANSI C+ + keyword*

aunt ei*e Omdi iixtttu'xpiu-f template

auto enum new Ibis

bool i.-

\

y> I i
i. s ( operator throw

export private true
ijrn urijli*<.UHl try

catch false public typedef

char float reffister typeid
class for reinterpret oust typename
const I'ji I return union

const_cast goto short unsigned

continue if -\y.\u-d using
default inline sizenf virtual

delate int static void

do long static-cast volatile

double main :i mi 1 wohar_t
dynamic .cast mutable switch while
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1 16.8 New Headers

The ANSI C++ Standard has defined a new way to specify header files. They do not use Ji

extension to filenames, Example;

^include <io5t«n?am>

^include <fstreani>

However, the traditional style <iostream,h>, <f»tream <h>1 etc still fully supported.

Some eld header files are renamed as shown below;

Old style New style

<a*3ert.h> <caflsert>

<ctype.h> <.octype>

dfloaLh> <cfloat>

<limits.h> <climits>

<m.ath.h> <-nna.ch>

<Atdio h> <c*tdJo>

<*tdlib.h> <cstdlib>

<LR-tring.h> <catring>

<time.h> <cttme>

SUMMARY

w ANSI C++- Standard committee has added many new features to the original C++
language specifications,

w Two new data types buol und WChaiLt have been added to enhance the range of data

types available in C++.

O The buol type can hold Boolean values, true and false,

O The wchar_t type h meant to hold 16-bit character literals,

Four new cast operators have been added: static_cast
N
const_cast

p
reiut3erpret_ca&t

and dynamic_casL.

O The1 static:_cafit operator is used for any standard conversion of data types,

O The const cast operator may be used to explicitly change the const or volatile

iUtributtjfi of objects

» We can change the date type ofan objed, into a fundamentally different type using the

reinterpret cast operator.

O Casting of an object at ran time can be achieved by the rlynamlc_ca,Bt operator.

O Another new operator known as typeid can provide us run time type information about

objects.

O A constructor may be declared explicit to make the conversion explicit,

<t> We can make a date item of a const object or function modifiable by declaring it wintable

-
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>

>

>

>

>

>

>

>

std namespace

static casts

statu- c;ist

target type

true value

source type

standard lihrary

RTTI >

>

>

>

>

>

>

>

>

>

typeid

type-info header

unnamed nsnu'sipacittH

using declaration

using directive

using nilme space

volatile

wctuir t

wide_character literal

>

>

type_iwfo class

type safe casting xor_eq

Review

16.1 List the two data types added by the ANSI C++ standard committee.

16.2 What i» the. application of boot type variables?

16.3 What is the need for wchar_t character type?

16.4 List the new operator* added by the ANSI C++ standard committee.

16.5 What in the application of const_cast operator?

16.6 Why do we need the operator static_cast while, the old style cast does the same

Job?

16.7 How does the reinterpret cast differ from the static cast?

16.8 What is dynamic casting?. Haw is it achieved in C++?

16.9 What is typeid operator?. When is it used?

16.10 Whut in explicit conversion?. How is it achieved'

16.11 When do ux use. the keyword mutable?

16.12 What is a namespace conflict? How is it handled in C++?

16.13 How do we access the variables declared in a named namespace?

16.14 What is the difference between using the using namespace directive and using

the using declaration for accessing namespace members?

16.15 What is wrung with the following code segment?

ccm<,t irit ir = IOC;

Int *ptr = ftm;
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16.16 What is the problem with the following statements?

const tnt m = 100;

double "ptr = const_cast<<louble*>{&iri};

16.17 What will he the output ul the following program?

+i ncl udt<io5tredm.h>
class Person

t

int rcalrt()

(

Person John;

cout « " John 1s a *;

cout « type id (John) .name() <* "\n";

)

16.18 What is wrong with the following namespace definition?

namespace Ha in

[

int mt1n(J

/ j i - - e r -

\

|
I7ebt£t*gi'uR Exercises

16.1 Identify the error in the following program.

* include <lostr«fn>

class A

{

publ ic:

AO
{

\

^ [ 1 n t i)

(

\
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b

class B

(

piihl in

Bf)

(

\

explicit B(1nt)

:

void ma1n()

(

A al»12f

A a3~al;

B bl - 12;

16.2 Identify the error in the fallowing program.

^include a stream, h>

class A

(

protected:

int i

;

pub 1 1 c

:

AO

{

i - 10*

)

int getH)

i
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return \\

I

1:

class, fi: public A

{

public:

&()

I

!

int getl()

I

return i + 1;

\

h

void i n (

}

:

A *a 11 new A
( )

;

B *h = stat1c_CA$t<B*>(a)i

cout « b->get I ()

;

I

16,3 Identify the error Ln the following program,

^include *i o-s t ream. h>

namespace A

{

Int 1;

void di spl ()

{

COut « 1;

]

)

void matn(J

{

namespace Inside
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Int 1 nsf del

;

void displnsideK)

I

cout « insidel;

J

}

ID;

cout « A::k

A: :displ();

Inside: rinsidel 20;

cout Inside: :insi del

;

Inside: :dtsplnfi1del()

;

|
Programming Fxen rsiw

16-1 Write a program to demonstrate the use of reinterpretjemt operator,

16.2 Define a namespace named Constanta that contains declarations of some
constants. Write a program that uses the constants defined in the namespace
Constanta.
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Object-Oriented Systems

Development

Key Concepts

y Software development components
"> Procedure-oriented development tools

X Object-oriented paradigm

y OOP notations and graphs

y Data flow diagrams

^ Object-oritmlud dEmi^n

y Top-down dixum position

y System Lmpk-mL' citation

V Procedure-oriented paradigm

y Classic software development life cycle

y Fountain model

y Object-oriented analysis

y Textual analysis

y Class hierarchies

y Structured dtfai^n

> FitrtotypinR paradigm

Li 1 Introduction

Software engineers have been trying
various tools, methods, and procedures to

control the process ofsoftware development

in order to build high-quality software with

improved productivity. The methods
provide "how to 'ft

1
' for building the KcillwarEt

while the tools provide automated or semi-

automated support for the methods. They
are used in all the stages of software
development process, namely, planning,

analysis, design, development and
maintenance. The software development
procedures ii] Legale? "LIte? methods and %ooIb

together and enable rational and timely

development ofsoftware systems ( Pig. 17.1).

They provide guideines. as to how to apply
the methods and tools, how to produce the

deliverables at each stage, what con train

to apply, and what milestones to use to

assess the progress.
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Software development

Procedures

Mett*pds

Tools

Fig, 17*1 o Sofhiwrr development components
|

There exist a number of software development paradigms, each using a different set of

methods and tools. The selection of si particular paradigm depends on the nature of the

application^ the programming language used, and the controls and deliverables required.

The development of a successful system depends not only on the use of the appropriate

methods and techniques but also on the developer's commitment to the objectives of the

system. A successful system must:

1. satisfy the user requirements,

2. be easy to understand by the users and operators,

3 r be easy to operate,

4. have :i good uner interface,

5. be easy to modify,

b\ be expandable,

7, have adequate security controls against misuse of data,,

8. handle the errors and exceptions satisfactorily, and

6. be delivered on schedule within the budget.

In this chapter, we shall review some of the conventional approaches that are being

widely used in software development and then discuss some of die current ideas that are

applicable to the object-oriented Riiftware development-

1 1X2 Proeedure«Orieiited Paradigms

Software development is usually characterized by u series of stages depicting the various

tasks involved in the development process. Figure 17.2 illustrates the classic software life

cycle jhat is most widely used for the procedure-oriented development. The classic life cycle

is based on an underlying model, commonly referred to as the "Water-fall" model. This model

attempts to break up the identifiable activities into series of actions, each ofwhich must be
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completed before the nest begins. The activities include problem definition, requirement

analysis, design, coding, testing, and maintenance. Further refinements to this model include

iteration back to the previous stages in order to incorporate any changes or missing links

.

Problem Definition- This activity requires a precise definition ofthe problem in user terms,

A dear statenient of the problem Lb crucial to the success of the software- It helps not only

the developer but also the user to understand the problem better.

Problem
doVlitifift

Ari.il>-!;:!.

Design

Ceding

T eating

nanca

I I £ i t I

Fig. 172 <=> Classic software development Jjjfr cynV (Lmhcd-Ud 'uwitr-Ml ' mode)
|

Analysis: This covers a detailed study ofthe requirements ul both thu user and the software.

This activity is basically concerned with what of the system such, as

• what are the inputs to the system?
• what are the processes required?

• what are the outputs expected?

what arc the constraints?

Benign: The design pha&e deals with various concepts of system design such h_h data
structure, software architecture, and algorithms. This phase translates the requirements
into a representation of the software. This stage answers the questions of how.

Coding: Coding refers to the translation of the design into machine-readable form. The
more detailed the deBign, the easier is the coding, and better ita reliability.
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Testing: Once the code is written,, it should be tested rigorously for correctness of the code

and results. Testing may involve the individual units and the whole system. It requires a

detailed plan as to what, when and how to teat

Maintenance: After the software has been installed, it may undergo some changes. This

may occur due to a change in the user's requirement, a change in the operating environment,

or an error in the software that has not been fixed during the testing. Maintenance ensures

that thes# change are- incorporated wherever necessary,

Each phase ofthe life cycle has its own goals and outputs. The output ofone phase acts as

an input to the next phase. Table 17.1 shows typical outputs that could be generated for

each phase of the life cycle.

Table 17.1 Outputs of classic software hfc cycle

Phott

Problem definition

i why*

Analysis

iwhat)

Deaijrn

1 how 1

Coding

(how)

Testing

<whut and howj

Maintenance

*

*

Output

Problem .statement sheet

Project request

Requirements document

Feasibility report

Specifications document

Acceptance test criteria

Design document
Test class design

Code document (program)

Test plan

Use? manual

Tested cede

Test results

System manual

Maintenance log sheets

Version documents

The software life cycle, aa described above, is often implemented using the functional

decomposition technique, popularly known as top-down, modular approach, The functional

decomposition technique is based on the interpretation ofthe problem space and its translaion

into the solution apace as an inter-dependent set of functions. The functions are decomposed
\i:\n .i ::..! iijitiit i

»(" pniKri'ssivrk simpliT fuiu-l.imis Jin- r'vwil UJilly :m 1 1 1 i i

1

1 : 1 1 "d Thi'

final system is seen ae a set of functions that are organised in a top-down hierarchical

structure.

There aro several flaws in the top-down,, functional decomposition approach. They include:

1. It does nut allow evolutionary changes In the Software.

2, The system is characterized hy a single function at the top which is not always

true, in fact many systems have no top.
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3. Data is not given the importance that it deserves,

4, It doe? nut encourage reusability of the code.

1 17.3 Procedure-Oriented Development Tools

A large number of tools are used In the analysis and design of the systems, It is important

to note that the process of systems development bas been undergoing changes over the

years due to continuous changes in the computer technology. Consequently, there has been

an evolution ofnew system development tools and techniques, These tools and techniques

provide answers to the how questions of the system development.

The development tools available today may be classified as the first generation* second

generation h and third generation tools. The first generation tools developed in the I960
1

?

and 1970s are called the traditional tools. The second generation tools introduced in the

late 1970s and early 1380's are meant for the structured systems analysis and design and
therefore they are known as the structured tools. The recent tools are the third generation

ones evolved since late l&BOs to suit the object-oriented analysis and design.

Table 17.2 shows some of the popular tools used for various development processes

under the three categories. Although this categorization is questionable, it gives a fair idea

of the growth of the tools during the last three decades.

Table 17.2 System development tools

First generation Second generation Third generation

Physical processes System (lowcharts Cnntext diagrams Inheritance graphs

Data
»pr«SHitation

Logical nrooee&es?

Program
representation

Layout farms

Grid charts

Flay§cript English

narrative

Prtigram flowcharts

I/O layouts

Data dictionary

Decision table* fttrcc*

Data flow diagrams
Structure charts

Warnier /Orr diagrams

Object-relationship charts

Objects object- dictionary

Inheritance graphs

Data flow diagrams
State change diagrams

Ptech diagrams
niuiil Y.n.irdi>[i charts

This section gives an overview of some of thtf must frequently ixmd first and second

generation tools. Object-oriented development UhAs will he discussed Inter in this chapter

(as and when they are required).

Syntem flowcharts: A graphical representation of the important inputs, outputs, and data

flow among the key points in the system.

Program flawchartitt A graphical representation of the program logic.

Playscripts: A narrative description of executing a procedure.

Layout forms: A format designed for putting the input data or displaying results.

Grid! charts: A chart showing; the relationship between different modules of a system

,

Context diagram®: A diagram showing the inputs and their sources and the outputs and
their deBtinatifinn. A context diagram basically outlines the system hound ary.

Copy righted m ateri al



Object-Oriented Systems Development •473

Data flow diagram.: Thtiy dtwmbe LhE? f\mv of dnta between the various comptments of a

system. It is a network representation of the system which includes processes and di tin.

files.

Data dictionary : A structured repository of data about data. It contains a list of terms and

their definitions for all the data items and data stores,

Structure, chart: A graphical representation of the control logic nf function^ (modules!

representing a system.

Decision tabic: A table of contingencies lor defining a problem and the actions to be taken.

It presents the logic that tells us what action to take when a given condition is true or

otherwise.

Decision tree: A graphic representation of the conditions and outcomes that resemble the

branches of a tree.

Warmer fOrr diagrams : A horizontal hierarchy chart using nested sets of braces, psuedo-

eodes, and logic symbols to indicate the program structure.

1 17.4 Object-Oriented Paradigm

The object 'Oriented paradigm draws heavilyon the general systems theory as a conceptual

background. A system can be viewed as a collection of entities that interact together to

accomplish certain objectives CFig. 17.3), Entities may represent physical objects such as

equipment and people, and abstract concepts such as data files and functions, In object-

oriented analysis, the entities are called objects.

PROCESS

input OUTPUT
(Objectives.;!

Fig. 17.3 c? A isystoH thawing infer-relationship ofentities

As thename indicates, the object-oriented paradigm places greater emphasis on the objects

that encapsulate data and procedures. They play the central role in all the stages of the

software development and, therefore, there exists a high degree ef overlap and iteration

between the stages. The entire development process becomes evolutionary in nature. Any
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(i>

Qbj*ct-Qritni*d Profffttmming urith C*

Clawname

Functions 1

Functions 2 Data

h ..^iiiiis H

le)

Fig. 17£ « Vcrriouj forms fr/repte$en tatii*n of da*.>&/t)biectii

fig. 17.7 c=> Jrtsircncfs qfoi^is

Fig. J7.8 hietstigt wmmutiicatiQti betwettt objrtt*
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Server Client

Fig. 17.13 <s» Ciiettf-servcr reltttkmshiy

-> m
Pfoc**a

A
Proem*

Process

C

Fig. 17,14 « Process layering (A process «nry hove typicallyfive to seven objects)

1 1 7 6 Steps in Object-Oriented Analysis

Object-oriented analysis provides ua with a simple, yet powerful, mechanism tor identifying

objects, the building block ofthe software to be developed, The analysis is basically concerned

with the decomposition of a problem into its component parts and establishing a logical

model to describe the system functions,

The object-oriented analysis (OOA ) approach consist* of the following steps;

I. Understanding, the problem.

2 Dmwing the specifications uf requirements of the user and the software.

3. Identifying thH objerte and their attributes.

4. Identifying the services that each object is expected to provide (interface),

5- Establishing inter-connectione (collaborations) between the objects in terms of ser-

vices reunited and (iftrriceH rendered.

Although wu have shown the above ta&k& as a series qf discrete wtepe> the last three

activities are carried out tutor-dependency as shown in Fig. 17. IS
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Objacts »n

protiie«n ipace

PrDblem
deflmtiun

Kequirwienl

Identify ob|ects

1

A
Mflfiriry*

collatorations

------y—-—

—

^ Design^
)

Fig. 17.15 Acfiin'hc* ofobjtd-tmenicd anaiy*i.<

Problem Understanding

The first Htftp in the analysis process is to understand the problem of the user- The; problem

statement should be refined and redefined in terms of computer system engineering that

could suggest a computer-based solution. The problem statement should be stated, as far as

poamhle, in a single, grammatically correct sentence. This will enable the software engineers

to have a highly focuBsod attention on the solution of the problem. The problem statement

provides the basis for drawing the requirements specification of both the user and the

software.

Requirements Specification

Once the problem is dearly defined, the next step is to understand what the proposed

HyatHm in required to dit. It lh important nl thin sttigi 1 lo gon^rHtr- n lint of user r^quirornnntii.

A clear understanding should exist between the user and the developer ofwhat is required.

Based on the user requirements, the specifications for the software should be drawn. The
developer should state clearly

# What outputs are required,

* What processes are involved to produce these outputs.

# What inputs are necessary.

* What resources are required.

These specifications often serve as a reference to test the final product For itK performance

of the intended tasks,

Identification of Objects

Objects can often be identified in terms of the real-world objects as well as the abstract

objects. Therefore, the best place to look for objects is the application itself. 1 Ik application

may be analyzed by using one of the following two approaches:
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1 . Data flaw diagrams {DFD .!

2. Textual analysis (TA>

Data Flow Diagram

The application can be represented in the form of a data flnw diapram indicating how the

data moves from one point to another in the system. The boxes and data, stores in the data

flow diagram an- gam] Eiandidaleri for Lbe ubj«etH. The process. kci^Wdw correspond to the

procedures. Fij^ine 1 7.16 i Illustrates » typical data flaw diagram . It in uIho known aa a data

flout graph or a babble chart.

A DFD can be used to represent a system at any level of abstraction. For example, the

DFD shown in Fig. 17,16 may be expanded to include more infbrmatimi fsuch as payment

details J or condensed as illustrated in Fig. 17.17 to show only one bubble,
.

Data
Books database

Boc*seller
Ordar

Shipping

notice

Shipping

in^trjdicns
Stores

"7

Shipmenl
.nfio*ma1ion

Fig. 17.16 » Dataflow diagramfor order processing and shippingfor a publishing company

llnstPucriDns

Warehouse

Fig- 1747 Furt(ia?Ftf7i^i dataflow diagram
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Textual Analysis

This approach is based on the textual description of the problem or proposed solution. The
description may be of one or two sentences or one or two paragraphs depending on the type

and complexity of the problem. The nouns are good indicators of the objects. The names
can further be classified as proper nouns* common nouns, and mass or abstract nouns.

Table 17,3 shows the various types of nouns and their meaning.

Table 17.3 Types ofnouns

Type of noun

Common noun

Prcper noun

Mast or abstract noun

Meaning

Describe classes of thing*

(entitea)

Names ot specific thing*

Describe a quality. Quantity or an
activity associated with a noun

Kxa mple

Vehicle, customer

income, deduction

Muruli cur. John, ABC
company
Salary-income house-loan,

feet, traffic

It is important to not*? that the context and semantic:* must be used tn determine the

noun' categories, A particular word may mean a common noun in one context and a mass or

abstract noun in another,

These approaches are only a guide and not the ultimate tools. Creative perception and
intuition of the experienced developers play an important role in identifying the objects,

Using one of the above approaches, prepare a list of objects for the application problem.

This might include the following tasks:

1. Prepare an object table.

2. Identify the objects that belong to the solution space and those which belong to the

problem space only. The problem space objects are outside the software boundary.

3. Identify the attributes of the solution space objects.

Remember that not all the nouns will be ofinterest to the final realization uH he solution.

Consider the following requirement statements of a system:

Identification! of Services

Once the objects in the solution space have been identified, the next step is to identify a set

of services that each object, should offer. Services are identified by examining all the verbs

and verb phrases in the problem description statement. Verbs which can note actions or

occurrences may lie elasHified as shown in Table 17,4.

Doing verbs and compare verbs usually give rise to services (which we call as functions in

C++). Being tterbx indicate the existence of the classification structure while having verbs

give rise to the composition structures.
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The knowledge of such relationships is important to the design of a program.

Organization of Class Hierarchies

In the previous step, we examined the inheritance relationships. We must re-exjiminp them

and create a class hierarchy so that we can reuse as much data and/or functions that have

been designed already- Organization ofthe class hierarchies involves identification ofcommon
attributes and functions among a group of related classes and then combining them to form

a new class. The new class will serve as the super class and the others as subordinate

classes (which derive attributes from the super class). The new class may or may not have

the meaning of an object by itself. If the object is created purely to combine the common
attributes, it is called an abstract class.

This process may be repeated at different levels of abstraction with the sole objective of

extending the classes. As hierarchy structure becomes progressively higher, the amount of

specification and implementation inherited hy the lower [evel Classen increases-. Wo may
repeat the process until we are sure that no new class can bo formed. Figure 17.18 illustrates

a two-level iteration process.

O) Objects in solution space

3

B

(b> F«njl level of hierarchy

(cj Second le^el oi hierarchy

Fig. 17.18 <=* Level ofckss hierarchies
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The process of a class organization may finally result in a single-tree model as shown in

Fig. 17.101a) or forest model an shown in Fi£. 17.19(b).

(a | Single-tree model

ib| ;

L oresl model

Fig. 17.19 o OrgiwrWwrT efciasses

Design of t ildis.sL'?*

We have identified classes, their attributes, ami minimal out of operations required by the

concept a class is representing. Now we mu&t look at the complete details that each class

represents. The important issue is to decide what functions are to be provided. Kor a class

to be useful, it must contain the following functions
1

in addition to the service functions:
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The driver program is the gateway to the users. Therefore, the design of user-system

interface (USD should be given due consideration in the design of the driver program. The
system nhoutd b*; designed la bp liner-friendly ho that users can operate i[i a natural and

comfortable way.

Implementation includes coding and testing. Coding includes writing codes for classes,

member functions and the main program that acts as a driver in the program. Coding

becomes easy once a detailed design has been done with care.

No program works correctly the first time. So testing the program before using is an
essential part of the software development process, A detailed test plan should be drawn as

to what, when and how to test. The class interfaces and class dependencies are important

aspects for testing. The final goal of testing is to see that the system performs its intended

job satisfactorily.

|r7-9_^Q^ty^Qg^afadi^m

Most often the real-world application problems are complex in nature and therefore the

structure of the system becomes too large to work out the precise requirements at the

beginning. Knim- particulars become known ami clusir only when wv tuiild and U-.sl tin-

system. After a large system is completed, incorporation of any feature thai has Iw^n

identified as "missing" at the testing or application stage might be too expensive and time

consuming, One way of understanding the system design and its ramifications before a

complete system is built is la build and test a working model of the proposed system. The
model system is popularly known as a prototype, and the process is called prototyping. Since

the object-orienu'd analysis and design approach is evolutionary , it is best suited for

prototyping paradigm which is illustrated in Fig. 17.22.

A prototype is a waled down version ofthe system «mt may not have stringent performance

criteria and resource requirements. Developer and customer agree upon certain "outline

specificRtjons" ufthe system and a prototype design 19 proposed with the outline requirements

and available resources. The prototype is built and evaluated. The major interest in not in

the prototype itself but in its performance which is used to refine the requirement

specifications. Prototypes provide an opportunity to experiment and analyze various aspects

of the system such as system structure, internal design, hardware requirements and the

i'mn\ Hystem requirements. The benefits of using the prototype approach are:

• We can produce understandable specifications which are correct and complete as

far as possible.

* The user can understand what is being offered.

# Maintenance changes that are required when a system is installed, are minimized.

Development engineers can work from a .set nf specifications which have been tested

and approved.

17.8
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gpecllkalianE

Outline

rffljuirerfiflrHi

Build

Evaluate

prototype

Fig, 1 7^2 « Pratenypt patudigm
J

Prototype is meant for experimenting. Most often it cannot be tuned into a product.

However. occasionallyH it may be possible to tune a prototype into a final product if proper

care is taken in redesigning the prototype, The best approach is to throw away the prototype

after use.

1 17. 10 Wrapping Up

We have discus&ed various aspects of the object-oriented analysis and design. Remember,
there is no one approach that is always right. You must consider the ideas presented here as

only guidelines and u&e your experience, innovation and creativity wherever possible.

Following are some points for your thought and innovation:

1, Set clear goals and tangible objectives,

2. Try to use existing systems as examples or models to analyze your system.
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O

O

O

3. Use classes to represent concepts,

4. Keep in mind that the proposed system must be flexible, portable, and extend-

able,

5. Keep a clear documentation of everything that goes into the system.

6. Try to reuse the existing functions and classes.

7. Keep functions strongly typed wherever possible,

ft. Use prototypes wherever possib I c.

9. Match design and programming style.

0. Keep the system clean, simple,, small and efficient as far as possible.

The classic system development life cycle most widely used for procedure oriented

development consists of following steps.

• Problem definition

Analysis

Design

Coding

Testing

Maintenance

In object oriented paradigm, a system can be viewed as a collection of entities that
*

interact together to accomplish certain objectivej?-

fn object oriented analysis, the entities are called objects. Object oriented anaLynin {OOAj
refers to the methods of specifying requirements of the software in terms of real world

objects, their behaviour and their interactions with each other,

Object oriented design (OOD> translates the software requirements into specifications

For objects, and derives clafiK hierarchies from which the objects can be created.

Object oriented programming (OOF) refers to the implementation of the program using

ohjects, with the help of object oriented programming language such a* C++.

The object oriented analysis (00A) approach consists of the following steps;

Defining the problem.

Estimating requirements of the user and the software.

Identifying the objects and their attributes.

Identifying the interface services that each object is supposed to provide.

Establishing interconnections between the objects in terms of services required and
services rendered.

The object oriented design (OOD) approach involves the following steps:

Review of objects created in the analysis phase.

Specification of class dependencies.

SUMMARY
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> data dictionary > proper nouns

> data flow diagrams > prototype

> decision table > prototyping

> decision tree > prototyping paradigm

> dosign > second generation

> development tools > selection

> doing verbs > sequence

> driver program > single- tree model

> software life cycle-

> antity relationship diagram > solution spacv

> entity-relationship > stative verbs

> Htit generation > structure chart

> flowcharts > structured design

> forest model > structured tools

> fountain model > system flowcharts

> functional decomposition > testing

> grid charts > textual analysis

> has-a relationship > third generation

> having verbs > tools

> hierarchical chart > top-down approach

> information ilow diagram > traditional tools

> inheritance relationship > use relationship

> instances of objects > Warmer diagrams

> in-a relationship > water-fall model

> layout forms

|
Review Questions

17.1 List flee most important features, in your opinion, that a software developer

should keep in mind while designing a system.

17.2 Describe why the testing of software is important,

17.3 What do you mean by maintenance of software? How and when is it done?

17.4 Who are the major players in each stage of the systems development life, cycle?

17.5 Is it necessary to study the existing system during the analyHia stage? if yes,

why? If no, why not?

17.6 What are the limitations of the classic software development life cycle?

17.7 "Software development process is an iterative procsss
m

r Discuss.
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Appendix A

Projects

J
A. J Minor Project 1: Menu Based Calculation System

Learning Objectives

The designing of the Menu Rased Calculation System project will help the students to:

• Create C++ classes with static functions

* Generate and call static functions

* Use the functions of Mat h, h header file

• Develop and display tht> main menu and itH submenus

L ndcrsiimding the Menu Based Calculation System

The Menu Based Calculation System, project is aimed at performing different types of

calculations including normal and ijcientific calculations. In this project, two calculators,

Standard and Scientific, are used for performing the calculations. The Standard calculator

helps in performing simple calculations such as addition, multiplication, etc, while the

Scientific calculator helps in performing mathematical operations .such as finding the square

or cuhe of a number.

The first screen contains a menu from which you can select the type ofcalculator: Standard,

or Scientific. The first screen also provides the Quit option to terminate the- execution of the

application. Figure A.L shows the first screen of the menu based calculation system.

To select a calculator, enter the integer corresponding to the calculator name. For instance,

ifyou select 1, the Standard calculator will open up, while selecting 2 will open the Scientific

calculator.

Copyrighted material



Appendix A -•497

lurbuf ++ II*

««»«-TypB of Ca leu IaCoi's = = :

1 Standard (!n |<:u 1-nLor
2 Scientific C&lluiliUur
3 Qu it
ChoojjR-tliE tinve -of c: itli.-ul.it ur:

Fig. A 1

Developing; the Menu Based Calculation System

The code of the calculator application mainly comprises of two classes stand.calc and
K£ii*ji_f-iiL<u. T^iej Htand_caJc c],r,hh helpRto perform Rtandard calculations. The Acieii_caJi.- cla&&,

mi th^ nt.her h*md> helps lo perform scientific calculations . Both classes contain static fiinctinnH

50 as to ensure that these functions can be called m the main function thnmgh v\am name-

Creating the stand_calc class

The stand calc class aims at pcric-ruiin^ specific tasks related la standard calculations . These

tasks are:

• Adding two numbers
• Subtracting the second number from the first number
* Multiplying two numbers
• Dividing the first number by the second number
• Modulus of the first number by the second number

To perform the above-mentioned tasks, the stand_calc class implements the following

member functions:

Functions Description

Addition Returns \ .iililir-iin oftwn input numbers.

Hnhtr;n-lioti Returns the subtraction of two niimht-rs iii i^pted ai input \'txw\ the user,

Multiplication Returns the multiplication of two numbers acreptfid ;ja input (mm the user.

Division Returns the output obtained after performing the division operation on the

input numbers.

Modulus Returns the output obtained After performing the modulus operation oil the

input numbers.
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Creating tht scitn_calc class

You need to create the scien_calc class to perform tasks related to scientific calculations,

which include finding the square or cube of a number, etc. The gcien_calc class performs the

following tasks:

• Determines the square of a number
• Determines the cube of a number
• Determines* thn fimt number to the power of the KPonnd number
• Determines the Mjusre ro*t of A number
• Determin«ti th« i'tfetfirial of number
• [)t*t«r,min«£i the vhIlhh of sin, qofi and bin by pjiHsinj* a number

To perform the above-mentioned tasks, the scien_calc class implements the followingmember
functions;

Functions th'frriptif/n

Square Accepts a number and return* tie jsquurc of that number

Cube Accepts! a number and returns the cube erf" that number

Power Accepts two numbers and returns the first number lo the power of the

second number

eq, root Accepts a number and returns its square root

Fact Returns the factorial of on input number

Kin funt: Hi 'Turns the- sin vslIui' of liti input nuffllief

i

•-

f ,
1 1 1

:- Returns the cos value of an input number

ian_fimc Kflunus the tun value of an input nuniuer

talc

/* calccpp is a calculator. Initially, It displays a main menu to choose the calculator

type. If i user chooses Standard calculator, thin i ewnu appears for standard calculator

options. If a ustr c boosts Scientific calculator, then a menu appears for scientific

calculator options and the last option Is to Quit.

In standard calculator, options art to add. subtract, Multiply etc , and in scientific

calculator, options are power, factorial, square root. etc.

In this prograa. preprocessor art defined for new calculation and old calculation. Hew

calculation will accept an operand whereas in old calculation, one operand Is already

assisted from the result of previous calculation.

Exception handling is not i*q> I emen t ed in this project, so do not enter a string when

system asks you for a number.

7
//File including and preprocessor declaration

include <iostTTeani.h>

finclude iconic, h>

include <math.h>
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§ Include ^stdlib.hf

-ripf Tie nen_cg ! L

fldefine old_cal 0

//stand_calc class to define standard calculator functions

class stand calc

{

/'Pro typing of standard calculator functions, These functions are static, therefore

calling of these functions is possible with the name of the class. There is no need

to create an object of the class. */

puJ?1 i c f

static double addit ion (double ^double)
e

static double subtract (double, da :,h I el

;

static double multiplicationtdoublcdouble};

static double di Yisianfdouble .double *);

static double modulus (double '.double *);

):

//sden_calc class to define scientific calculator functions

class scien_calc

{

publ 1 C:

static double square(daubl e)

;

static double cube(double);

static double poxer (doub 1 e » doubl e)

;

static double sq_root (double)

;

static long int fact(doubl e}

;

stat it double sin_funci(doubl e)

;

static double cos_func(doubl e}

;

static double tan_func(doubl e}

;

h
//addition function will add two nwrbers

double stand_calt:: addition {double a, double b)

:

return (a+b)

;

\

//subtract function will subtract the second number from the first number

double stand_calt:;iubtract {double a + double h}

I

return(a-b)

;

\

//rtfcil t i pi i Cation function will multiply two numbers

double stand_cal c ; :mul ti pi icationfdouble a„ double b)

[

return (a'b);

)
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/"division function Mil IT divide the first number by the second number. This function

accepts two arguments, one is copy of a variable and another 1b pointer type because

if accepting divisor is zero, then this function will shgw a message to enter the

divisor again. Using pointer means that tht entered value of the divisor for this

function should be updated at the main function also**/

double stand til C: :df vtsion(douhl 6 a, double *b}

\

*hilef*b—0)

(

" cout« M \nCannot divide by zero.";

£Out-« H,\nEnter second number again:";

cin^*b;

I

retu™(a/(*b}J E

J

f* Modulus function will divide the first number by the second number And return the

remainder part of Ehe division. Similar to division function, it will not accept

zero in the divisor, Modulus cannot be pEri cuiL-d tin a double number, so we need to

convert it Into an integer.*/

double standjialc: : mod ul us (double *&, double *b)

(

wh11ef*b--0)

\

cout«*\nCannot divide by zero, "

;

cout«'\n£nter second nmber again:';

ci n*>*b;

) 1
//Converting double into an integer

1 nt x»(1nt)*ai

int y*(int)*b;

if{*a-x^||*h.y>&)

cout«"\nCunverting decimal number in;p an integer to perform modulus"
\

*b=Ji

return fx*y);

}

//Ceclaratl on of scien_ealc class functions starts from hEre.

//square function of stien_cale class to return accepting number to the power 2

double scien_calc: :squarefdouble s)

[

return (pow(x.Z) J

;

}

//cube- function of sden_ealc class to return accepting number to the power 3

double scien_calc: rcubefdo^ble %)

[

re-turTvfpowfn^) ) i

\
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//power function of scien_calc class to return the first number to the power of the

second number

double scfetwalc: [power (double n

,

double y)

<

return (pow(x,y))

;

'<

//sq_rrot function of icien_tslc class to return the square root of the entered number

double scien calc;;sq rootfdouble x)

[

return{5qrt(x)h

)

/*fatt function of the scienj^lc class to ret urn a long integer as factorial of an

accepting number. This will convert accepting number into an 1 nteger before calculating

the factorial*/

long 1 nt so *n_ea 1 c : : fact (double x)

{

int n*(int)jc;

long int f-1;

whi 1 efn>l

J

\

f*=n;

n-i

)

return f;

!

//a1n_func of the scien_ealc class to return the sin value of *

double scien_calc;:sin funcfdouble x)

{

return fs i nfaJh
)

//cos_func of the sciencalc class to return the Cos v«lue cf *

double scien_cal c : :cps_func fdqufcle x)

I

return (cos(x))

;

//tan_funC g-f the s<iem_calc cl*55 to return the tan value oi x.

double scienjzalc: : tan_func (double x}

I

return ( tan {%}) l

I

//Displaying the wnus to enter the options and values

void malnO

[

double n unil , n um? , r,um3 , temp

;

int choicel-G.choi ceZ„f1ag;

//Loop of main menu from where the program starts It will sho* the menu t& choose

the type of calculator.
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clncr(h
cout-=<"m""-"Type of Calculators--"-— k

;

cout*<p \nl\tStandard Cal ail ator\n2\tScient1 f 1 c Calculator\n3\tQuit";

cout«*\nChwse the type of calculator;";

cln^chol eel;

flag^new^cal;

//To perform an operation according to the entered option in the main menu

swi tch(choi eel)

case lr

//Loop tc display the standard calculator menu

do

{

clrscrfli

cout« M«««»« -S tandard Ca 1 cu 1 a t o r- ««« «
"

:

cout**"\nlVtAdd i tion\nZ\tSubt ract i on\nl\tHjl tl pi 1 cation\n4\t01 v1 s1 on\n5\tHodut us^n6\tRetum

to Previous Me nuW \ tQu i t
11

;

//Option S will be displayed Only when working on

old calculations. Here T already a nunfrer is sawed in the calculator memory.

if (flag*»ol d_cal)

cout*cM \nB\tClear Memory*;

cout^"\nChoos€ the type of calculation:';

ciii»ch0'1 ce2;

//To perfonn operation and call functions of the

stand_ca"lc class

swl tth (chol ce2)

{

case 1:

//If a new. calculation is there, then

accept the first nrter else previews calculation result win be the first number.

if {f lag==Tiew_cal}

\

else

I

cout<^"£nter first nuttier:":

Ci ru»>numl

;

niml-temp -

t

CtJut-« N \nFi rst number is
N«nwral«endl

:

J

cout«" Enter second number:";

c1n»num2;
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n um3 - s tand_cal c : : add i t i on fn uml , num2 )

;

<-muinZ«" is "«num3;

continue

cuut^^^nAddl tion of «mpil^<" and

cout*<"\nPr§&& any key tc

getchQi
temp-num3;

flag*old_cal

;

break;

cast ?;

if (flag--new_cal

)

i

"-^nural^endl

;

}

else

(

cout« H
Enter first number:";;

cin»nimil
j

numl*t«p;

C0Ut^^'"'inFi r?t number is

n um3- st and_cal c : r s notrac t ( mail . num2 )

;

from "«!vuml<** is "«n<*0;

continue H
;

case 3:

COut« H Enter second nunber:";

ci n»numZ ;

cout«"\nSubtraction of H «n«Bi2^"

cout« B \nPress any key to

getch()

;

tenp*num3

;

f lag=old_cal q

break;

if (flag—new cal)

else

tout*< M Enter ftrst number:";

Cin»nwn];

"«num1«endl
;

numl'temp;

cout«' VnFi rst nunber is

\

cout«-" Enter second number:
H

;

ci n»num2;
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num3*5tflnd_cal c: :multiplication{numl,i>umZ]

;

and
u«n\iid«* is *<*numj;

Continue ";

cog t«"VrMulti plication of c<mml« H

getchf);

temp=numj;

flap=old_cai ;

break;

if (flag"new_cal)

I

cout-^Enter first number:";

dn»flumli

else

t

cout« H
\nF1 rst number is

"«nmnl«endl

;

num3"stand_calc : :di vi i1 Dnfnuml ,inum£) j

H«numZ« N
ii "«mijjrt3[

continue

case 5:

"«nunl«e nd !

;

]

COUt«' Enter second number:

cout<*"\ntii vision of h«rauml<«" by

cout<'c "\ii Press any key to

getctif);

temp-num3;

flag^ol d_cal

;

break;

if (t! jg— nEw_cal)

{

CQUt^'Enter i i rjt number:' 1

!

cin»numl;

]

else

{

nwnlHemp

;

cout«"\nF1 rst number Is

}

cnut^" Enter iEeund number :

" \

cin»num£;
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)

-

t

cout«"\i#k>dulus of "<: ,«™ml« H
by

"«=^um^« ,

is "«num3;

CDuK'i'liiPress any key to

continue, hititihi^i

getch(J;

temp=num3;

fl agaold!_cal

:

break;

ea$e 6;

CQut«"\nReturni ng ta previous menu,

C0Ut« li \nPrE5s any key to

continue., *

;

getthOi
break;

case 7:

cout«"\nQui 1 1 1 ng

eout': * i \nPres5 any key to

conti nue , r
"

;

getch()i

//If a new calculation is going on

then fl is an Invalid option, else S Is an option to start a new calculation

1 f (flao==ne*_cal

J

{

Cout«<"\n|iwal-i<J choice,";

cout*-i "\nPres5 any key to

conti nuE .*j

?etch(h

}

el se

{

temp-0;

flag=new cal

;

]

break

i

default:

c-out«*\nInval I d thote#. H
f

co>ut<<
l'\nPre$s any key to

continue.,.,.,.,.,.,.*;

getchO

;

break;

f

}vh11e (choice£!-6)

;
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cast 2;

//Loop to display scientific calculator menu

do

I

e*ut«" === ==== =-==5c1 en E 1 f i c til cul ator=== === = === - H
;

C0«t<*"\n]\tSquare\nZ\tCube\n3VtPwwrVna\tFact0riftl\n5USin\n6VtC()5\n7\tTan\n8VtReturn

to previous menu\n9\tQu1 f;
lf(flag==old_cal)

C0ut«*\nlD\tCl ear Memory"

i

cout""\nChoo5e the type of calculation:";

c1n»choice?;

sw1tchfchoice2)

I

case 1;

If (flag^ne* cat)

{

cout-"" Enter niFTiber to find

square: H
[

Cln»num];

}

else

{

numl^ternpi

COut<<"\nNumber is

"«numlc<endl ;

}

oum3-scien_ca1c: rsquar*(numl)

;

CQut« M
\fl Square of *«numl« H

is

"<^nun3l;

CUut<<"\nPreSi *ny key to

continue

getch()j

temp»nuffll;

flag=ald_cal

j

break;

case 2\

If (Mag==new_cal)

\

cout«* Enter number to find

cube:';

£irt»niMfil;

)

el se

:

numl =temp;

cout<*'\nW«mbEr is

Copyrighted material



Appendix A -•507

"«MBl«endi;

cont i nue i

ease

for base to find |»if*r:*;

"*<numl«endl;

to find power r";

"«rnjm2«' Is "^nunO i

continue..

case 4;

factorial
;

"

;

)

num3 *sci en_cal c

:

e cube { nunl 3

;

cout^XnCube of "«nunil**" Is

cout<<"\nPre55 any key to

temp-num3;

flag*old_cal;

break;

If ff 1 ag—new_cal}
{

cout« H
Enter first number

dn»numl;
]

el :.e

{

numl=temp;

cout«'\n First number 1

1

:

C9ut«" Enter second number fot po*er

el ir^nunE;

nwn3=sci«n_ca 1 c i : power{ ntun

1

1
nnxG: ) j

COut« h
\ri " <<n uml« " tQ the po*er

cout<<"\nPress my key to

getchf);

tenp-nurrJf

1 1 aq=ol d^cal
4,

break

;

If {flag**new_cal

)

;

cwt«" Enter nu*er to find

c1n»Fiumli

;

el

(

numl'temp;

COUt«"\nl(umter tO fllld
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factorial is *«fcuml«endl

;

"«num4;

continue,m >

sin value:";

I s "«niinl«endl
f

" **.num3

;

continue

cos value:

is
H«miil«en<il

;

case 5;

case 6;

I

long int niprt-sc 1 en_cal c : : fact (numl
)

;

cout«"\n Factorial of «in#il«* 1*

C0ut«'\nPr*5i any kiy to

get eh f);

tefno=num4*

flag-fl1d_caii

break:

if {f lag"new cal

)

\

cout«"Enter number to find!

cin«numlj

\

else

\

numl -temp;

taut« pl \nNur*er for sin value

\

nunti- 5-c 1 en_c ale: : s1 n_func ( numl )

;

cout-^lnSIn value of
H«miml«' Is

cout«"\nPre&5 any hey to

geteh()
\,

tenv=num3;

f lag-ol<J_cal

:

break;

If (flag"new_cal)

{

COut«"Ent-er nwrtjer to find

cf n»numl

;

}

el m
{

nunl 'temp;

cout« M
\nffcimber for cos vil ue

J

num3=scien_ca1oi :cos_func (numl);

CPut^-VnCoV value of
m«f]\ml«' Is
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tin Vd>ue:
H

i

L? '«numl«eiidl

;

COrtl inuC.

continue. r .

Continue

i6ut<^ H \n?i^ess any key to

getchfl:

temp-nun^;

flag=pldj:al;

break;

case J:

if (flag==nn*_ral

)

\

tnut« H Enter number to find

cin»numt;

)

else

{

numl-temp;

«jt« H
\nNLi(nher for tan *alue

I

n um3 - sc i en_ca T c : : tan_f un c { num 1 )

;

C0ut«;<"\n74n vllut of
H
^^[njfnl^' 1i

cout«:"\nPre5s any key to

g*trti{)t

temp=-nu[ft3;

flag=nld_eal;

break;

case 8:

couttcl, \nReturning to previous menu. '

;

cculx^nPress any key to

getchfl:

breakj

caiE 9:

COut^<"\nQuitting. >. . ,
H

;

COU t*<*\n Press any key tO

getchO

;

exit{0):

cflie 10

:

if(flag=^new Cil}

tont« u VnIn«l-id choice,";

cout«"\r Press any key to
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centime r + . ti n „"
j

\

el se

t

temp=0;

fl ag=new_cal l

I

break;

default:

cout-^^"\TiInval i d choice,";

cout<*
H \nPre« any key to

continue, r ,.+.+.+, r ,

,

"

;

gatchQ;
break;

\

}*nile (choices l=8k
break;

case 3:

coat's*
B\n Press *ny key t* continue,

getchO

;

break;

defaul 1

1

ecui« M
\r\ Inv&lfd Choke/;

cout«'VnPress any key to continue..*. ";

getchf};

break

;

I

}vhile (choicel!-3)

;

}

|A.2 Major Project 1: Banking System

Learning Objectives

The designing of the Banking System project helps the students to:

• Create C++ classes and call the functions declared in the classes

• Develop and display main menu and its submenus
• Change the menu options during runtime
• Program matically create filea using File System ohjerts

• Perform flltd transactions- such hh Updation, Deletion and Display t'rtim files

• Use iomanip header file in C++ to display formatted output of data using set w()

function for setting width of the text to be displayed,
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Creating the diftpRecords Class

You need to create the dispRofnrdhi clatm to implement the functionality ofdinplayinK the

information related to the customers of a bank and their accounts, In the dispRecords class,,

data related to customers is retrieved from the newreajrria.dat data file ftffdLqpluyirig customer

informal ion «ir adding and doling of customer account. Yrw can create the dispRecords

class by defining the variables required for displaying1 customer and account information and
the member functions such as dispJayCustouier and dcletcAccount. The following table

lists the member functions that need to be defined in the class dispRecords:

Functions

addDetailsfint, char name|30|. Adde the information related to a new customer of the bank

char addressjGOj. float) who becomes an account holder-

diaplayCustomersfvoid) P4splays a list of all the account holders of the bank along with

their account numbers and balance,

del*teAcoount(int)
SI ^" l

J fell 1' jl
Deletes the information related to th* account holder from the

newrecordadat data file,

updateBalanceunt, float) Updates the balance after a customer has performed a deposit

or withdrawal transaction.

IflstAorauntO Displays the account number of the last entry.

aocountEiriatsOntJ Checks whether an account exists or not.

gEtName(int) Retrieves the name of the account holder.

getAddressfint) Retrieves the address of the account holder.

yflHiiliirnn^iiu) ki'[j ii!vt's the balance of the account holder.

getRocord(int) Ruturns tho nword numbtr from the ni-wrvttird&.dut dkilu fill-

when an employee of the bank Enters the account number
related to an account holder.

display(int) Displays all the information related to an account holder from

the newrecords-ddt Alton the basis of aptcifLed account number.

Creating the aeeOuntTransaetiuns Chts>

You need to create the accountTransactions class so that transactions related to an account

can be performed. The data related to the transaction* an: stored in the transaction,dat data

file. The acicrnintTr^nHatitionH glass ftlftO uSe-S SGrne member functions defined in the

difipKoeonLs cIumk. In the? clans uccountTransaclionfs, lihe Object Oriented Programming EOOP)
concepts of Polymorphism are used to manipulate data, which need to be stored in the

transaetion.dat data file. You can create the aceouiitTransaetions class by defining variables

and member functions, which include new account and showAcoount. The following

table lists the member functions of the accountTransactions class:
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Functions

n*w_acmu tu(void)

showAccountant)

diHp Iay_accountivo 1 1

J

}

dEleteAccount(int)

cran .-mctiiorjivoid)

dateDiffertint, int. int, int> int, int)

pet I mere8t(int, float)

show Inter«it{void)

Description*

Viil iditi (he information related to a new customer and
adds the infos'mation to the transacticm.dat data file using

the- addDetaila member function.

Closer the account of an account holder after verifying the

account number.

Displays the heudinKe Cu-ttomur S'hidc. Deposit and
Withdrawal, Interest and Balance.

Displays the data related to a specific account holder.

Deletes the data related to a transaction from (he

EranaactiDn.dat data file on the basis of the account

number of that account holder.

Help* to perform deport, nod withdrawal transactions.

Checks the current and account creation dates. If tin;

account in the hank has completed one year, then interest

for that account ls calculated.

Generates interest when one year haa completed for a

particular account,

Displays the interest generated using the getlntereat

member function. The iihowlnterest member function also

helps to update the balance of the account holder.

Baiiking_Applicalioii

/** A Banking System with nomal transactions **/

4 include <i05treftm,h>

f include <f"5tream.h*

Jinclu.de *process.h>

f i nclude *stri ng .h>

^include <stdl1h*h>

^include *std1o.h>

fri nclude <ctype.h^»

(M nclude <cCwio.h»

" include ^do?rh>

f include <iomanip h h>

// The Menus Class displays the Menu

c ' iiii Henui

\

pub 1 ~ic :

void y*iDwienu (void) ;
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private :

void closemenu(voi d) ;

J;

// The Class displays all the Customer Account related functions

class dispRecords

\

public :

void addDetails(int. char name[30], char addressf6G] . float) ;

void dKplayCjitomsri(vold) j

void deleteAccount(int} i

void updateBa lance (int. float) ;

void updateCu stoker (voi d} ;

int la stAccount (void) ;

int accountEnists(int) ;

char *g.etName(int);

char
,

*g&tAddresi(1nt) l

float getSal ante (int} ;

Int getRecord(lnt) ;

void display (int)
;

void displayLi st{ void)
;

int AcccuntNumber ;

char name[50], address[50] :

float Int&alance ;

void ne*_account(v0id}:

void closeAccount(void)-,

void d1splay_account{vaid};

void transact ion(voi d}

;

void addDetai ls(int, int, int, int, char T char typeTransactign [15]

,

void del eteAccnunt ( i nt)

;

int dateDi fferfint, int„ int, int + int, int);

float getlnterest(int, float);

void dKpUy(int);
vflid showAccount ( int)

;

int Account Numb en //variable for Account Number

char trantype [10] j // variable of cheque or cash input pr output

int dday, wnQnth, yyear; // transaction date

char transactions; // type of transactions - deposit or

// The Class has all the transaction related methods

class accountTransactions

public ;

float, float, float);

Withdrawal of Amount
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float Intlnterest, intAnount, 1nt8alance;

static float calclnterest;

void showIntere5t(vi>id);//adde(l

// ShovmenuO method to display the Main Henu in the application

void Menus stiowneny (void)

{

char choice;

while (1)

\

clrscr();

cout«*\n --Welcome to flanking System Application-

C(JUt-ci<" **************************** *****-**,

***-***»^|-|^n'
1 .

cout"
-

Choose from Options \n";

cout"" \n'i

cout «" lr Open an Account\n';

cout 2: view an Account \np ;

cout <* 3i Show all Accounts \n p
;

cout **' 4: Hake a Transaction \n";

cout « 5; Calculate lnter«t\n"i

cout « 6; CI ose an AccountAn"

;

cout « 7: Ex1t\n\n";

cout « Please select a choice :

choice -1 getcheO:

1f (choice « 1)
i

account Ttan sactlons ohjAT;

objAT r new *ccountO

1

el se

if (choice == '2')

{

accountTransactl ons ohjAT:

ohJAT.dlspl ay_ac count
( )

;

}

if (choice '3'}

{

dlspftecords ne*Rec;

ne*Rec.d1splayCustomers()

;

}

el

if (choice '4')
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I

mt record ;

record - get Record (retrieveJkcNcJ ;

fstream f i I ename ;

fi lename.Dpen("ne>rrecords.daf, ios: : i nj

;

fi 1 ename.seekg(0 H iO£i:end) ;

Int location;

location - (record) * sizeof (dispReeords)i

fllMiMe.seefcpOocation)

;

while {f llename. read ((char #
J this, sizwf (dispRecords)

)

}

{

if (retrieveAccNo == Account Number)

\

cout *K*\n ACCCUNT NO, :
" «AccountN umber

;

cout «*\n Name : "^name ;

cout «-
\n Address

cout «*\n Balance

' ^address ;

«1 nt Balance ;

break ;

]

}

filename. cloie() ;

\

// getName() nethod returns the Account Holder's Name from the newrecordi ,dat file

char 'dispRecords 3: getNaroefint retneve_AccNo)

:

fstream filename;

f i 1 enjme . open

(

H
n ewrecord s , da t " . i os r : i n )

;

fi tename,seekg(&,io5i ;beg);

char retrieve_tustHamet30j;

while (fllenane. read {(char *) this, si zeof (dispRecords) J)

{

if (AtcountNumber »• retrieve_AccNo)

(

5trcpy(retrieve_CustNaiiie J
name)

;

\

I

f i 1 ename. cl DSe () ;

return retri eve_CustNante;

I

// getAddress0 aethod returns the Address of the Account Holder from the newrecords.dat

file

cnar *dispRecords getAddress(int retrieve_AccNo)
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cojnt - U
break;

}

f

f11eniww + ciKeC)i
return count;

}

/* displayListf) method displays the output Df all the Account* In a proper format

for the Choice 3*/

void dispftecerds dispUyUstO
{

COut« H

\n" ;

int dayl, manthl , yearl ;

struct date dateval ;

getdatefSdateval)i

dayl = datflval „da_day -,

IBOnthl = dateval -da_mpn ;

yearl = dateval . da_yEar i

cout «"\n Date: " «;dayl «/' ^^monthl «"/" <*yearl« N
Vn*;

cout«5etw{SCJ«'' \n";

rout«seM23)«" ACCOUNT m,*\
WUt«5etwf?3)«" *JAME OF PCHSffll";

cout«setw f?3 ) «" 6 ftLA*ICE> " i

)

// displayCustwnersO metNgd displays all the Account Holders/Customers from the

newrec-ords.dat file

void df spR«cord« :j dlspl ayCustomers{vo1d)

I

clrscrf) ;

iftt lenlj

int roKf=a t check ;

fstream filename ;

FILE * pFile;

pfile fopenCnewrecords,dat","r ,
)i

if (pFlle « rtULLl

{

cout« H \n Ho Account exists. Please go back to the previous menu. \n"

:

getchO;
return j

//fclosi (pFlle);

} else [
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displijLiitth

filename, open fnewreconJs .d at" , lost: In)

;

while {f1 Tenants, rMd( (char *} this, slttof (dlspflecords)))

!

check - D ;

cout. fill ( '):

cout «setwfZ0) ;

cout .setf (ios r : right .1 os : i adjustf 1 el d)

;

cout«A.c countNumber;

COut.fillt 1

cout «setw(25h
cout. self(t 05

;

: internal Jos: :adjus tfield):

cout"na»e:

cout «setw{Z3);

cout .setf (ios: :right.ios: ; adjustf i el d)

;

cout«i n t Ba 1 a nce«" \ n ' ;

if {row « ?3)

i

check = 1 ;

raw = 8 \

CPUt « h \Mn Continue: the 0ppl id*t1 On. + f

getchf) :

clrscrC) ;

displ ayListO ;

J

\

)

fi lenjfie.close{) ;

if ( [check)

\

cout «"\n\n Continue the application*.* \n B
j

getchO i

I

)

// addDetai 1 s{) method adds new records of Account Holders/Customers In the

nt*record5rdat file

void dt spite-cords addDeta1ls(1nt retr1eve_A«ho. char retrf eve_CustNan»[30]

.

char retrf evt_Addrsss[6Q]
p

float IBalance)

!

Account Number = retrieve AccKn ;

&trcpj(name T
|retrie\re_Cu5tName) ;

it rcpy ( address , ret ri eve_Add re? s ) ;

intBalance - iBalance j
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irtBalance = i Balance ;

Int location ;

location = (record- 1)
*

file name . seekpd acat i on)

f ilename, write ({char *}

f ilename. close (J ;

sizeof (dupRecords} ;

this, slzeoffdtspRecords)) i

// addttetai !<;() method adds the details of a transaction In the transactions. dat file

void accountTransactions ;; addDetai 1 s{i nt ret neve_AccNa t int dayl, 1 Tit monthly tnt

yearl, char t_tran» char typeT ran $ act ion [10] , float interest_*cerued, float t amount,

float i Balance)

i

fitreAm filename »

filename- open {"transactions. dat", ios: ;app} ;

AccountHumber - retrl eve AccNo
j

dday - dayl t

nmOnth n^nthl ;

yyear yearl i

transactions t_tran ;

s trcpy ft ra ntype . typeT ransact i on)
;

intlnCETEtt = i ntErest_ac£TUEd
f

intflnount = t_3m0unt

intBalance 1
f Balance ;

filename.trrite((char *) this. s1zeof{accauntTransactions)j
;

filename. close();

)

// deleteAecount{) method deletes the record of a. transaction from the transactions. dat

file

void accountTransactions deleteAccountfi nt retrieve_AccNo)

(

fst ream filename i

filename .open ("transactions, .dat", ios r: In) ;

fStream temp ;

temp , open
(

"ca 1 cul a tl ons . t xt ' , ios ; :out) ;

fllsname.seeltgfOJosiibeg) i

while ( 'filename. eof() )

r

filename, readme har *) this, si zeof (account Transact Ions) ) :

If { filename. eof() )

break ;

if ( Account Number != retrieve_AccNo J

temp .write{ (char *} this, s i zeo f ( a ccountTra nsacti Ons ) J ;

3

f 1 lenime.c i ass () ;

temp.cl ase{) ;
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fl lenam*.open( "transact1ons.dat" . Ici: :out) ;

t«^rOpenf "calcuUtiuns, txt". lGS::1fl) ;

while f ! temp^ecnf (J )

C

teap- read ({char •) thU
t

si zeo f (acc ou ntTransae t i ans ) J ;

1f
(

temp,eof{,) )

treble ;

fllenan**wru«((char *) thM. s 1 ieof (account Iran sact i cn s) ) :

filename, closed ;

temp.clflseO i

// new_ac count () method adds a new record in the new-records file and transaction.dat

filesfchoice 1)

void ac count Tran sacti ons r : new_account (void)

(

char choice ;

int 1. check :

clfSCfO j

di spftecords newRe-c
;

eout «' Please press 0 to go back to previous menu. \n" i

cout«" \n
H

j

COUt«* -Open a New BAnk Account- \n":

COUt«" ********************
^ n

-
;

Int da>l. monthl , year I
-

r

struct date dateval

;

getdate (Idateval

)

l

dayl - dateval .da_day ;

nonthl - dateval .damon
;

yearl - dateval . da_year :

int ret"*we_ACCHO *

retrieve_AccNo = ne*R«CJ aitAccount fj ;

retrieve_AccNq*+ ;

if (retn'eveJkcNo 1]

I

newPec , addOetai 1 5 { retrl ev« Ac cNo
.

" Rav
i

"
.

" Del h i , l . 1 ) ;

newRecdel eteAccount (retn'eve_AccPto) ;

addDetafl s( retH ewe Acc No. l,l7lW . 'DVdefaul t val ue" . 1 . 1 . 1 . 1 . 1 . 1) ;

del eteAccount { retri ev e AccNo) i

J

char retrieve_CustNaw[30] , tran_acc [ID] . retrieve_Address[6Q] ;

float t_hal t i Balance
;

cout « H Date : "«da>l «/ «monthl « H

/
M ^<yearl« H

\ti
- -

t

cout « H Account r>o< t
1 «retrieve AccNo;
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gets (chr_v>rifying Person)

;

If (chr_Yer1fy1ngPerson[0] -- '0')

{

CQUt«"\n\t Invalid Verifying Person Nsme, H
;

getch[);

return

j

}

strupr{chr_VeH fyi ng Person) :

If (strlen(chr_Yer1fyingPersaiv) < 1 || strlenfehrJ/erlfyingPersdm) > 30)

{

check - 0 ;

cout«'\t\n The Verifying Person's Name is either blank or

great er than 3fl characters. Please try again.\n";

getchO i

}

} while Elchecic) :

tout « H
\n Please enter the Deposit Amount while opening a New Account :

check • 1 ;

g*t£{tran_at.c) i

t hai = atof (tra.n_acc

)

l Balance - t_bal i

if {strl cn ( tr.in_.acc} < 1) (

cout«'\n Invalid Transaction value. Exiting from the current

MenuAn "i

getch{);

return ;

}

If {iBalance = 1000)

I,

check - 0 ;

COut«"\t\n The Minimum Deposit Amount should be Rs.lDQG. Please

try again, ^n";

getchO ;

}

) while ("check)
;

\

tout «"\n Do you want to save the record? (y/n) ;
"

;

choice - getchef) ;

choice - toupper(choi ce) ;
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} while fchoice t- 'N' 11 choice 1- 'rj ;

if (choice == 'N' || choice == V)
{

cout^-^n The Customer Account is not created\n.

Please continue with the application An";

?etch();

return ;

:

float t_airouflt, interest_accrued ;

t_amount * i Balance ;

interestaccrued = 0.0 ;

char t_tran
N
typ*Transaetion[10]

;

t_tran =
1

DV
i

strcpy(typelransact1 on. " ') ;

newRec .addOetails(retri e^e_AccNo 1 retrieve_Cu5tName 1 retri eve_Addres&, i Balance) j

addOetal lsfretn eve_AccNo,dayl ti«onthl ,yearl , t_tran „ typeTransacti on.

i nter#s t_lc trued «, t_amount > i Bal ante) i

cout<*" \n\n The New Account 1& successfully created. \n

Please continue with the applicatlnnAn*;

getchO;

// stiowAc count f ) method formats the display of the records from the tran*actlons-dat

file for a particular account (choice 2).

void at court transactions :: shawAccoui>t{int retrieve AccNo)

{

cout**"

\n"i

int day], month], ye,irl
;

struct date datewal;

getdate(adateval);

dayl - dateval .da_day ;

month 1 - dateval .dajnon ;

yearl = dateval .da year
;

cout«-
Date: " «dayl <*'/' oqnont h 1 «'/' «yearl«"\n" :

cout ""Account no, ' «retrieve_AccNo
;

dispHecords newRec
;

char retrieve_CustH«me[30] ;

s t rc: py [ ret r i evejCu itWame + newflec .get Name ( re t r i eve_AccNo) } ;

char retrieve Address [601 ;

st rc py (ret r i ev e_Addres s . newRec . getAdd ress fret ri eveAccNo) ) ;

cojt<^setw(25)<^"\n Account Holder's Nam* : "«ret rl eve_Cus tName

;

cout«*\nAddress : "«retrie*e_Address« N
\n"i

cout«setw (80)« " \n \n "

;
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ecu t«setw (10)« H Bated" -

t

cout«$eMl2)«"[)etai Is";

Cbu t-^<setw ( 1 2 ) <^ " Depps i t?d "

;

cout«setw (15)« "Withdrawn";

C01lt<<; Setlc{l2)«'' ";

cout«setw ( 10)«"Bal ants N
:

COUt«setw f80 )*< ' \n \n"

;

)

if di S-p-1 ay_ACCOunt() method diip-lays records frttn the transact ions t d at file

void accountTrans. ac t i ens d i spl ay_account (void)

(

clrscr{) ;

char t_ace[lfl] ;

int tran_*cc, retrievtAcettoi

dispRecords obj2;

cout «" Press 0 to go back to previous menu. \n" ;

tout «" Please enter Account No. you want to view : "
i

g,ets(t_acc);

tran_*CC - atoi (twACC) ; /* converting Account Niinber to- integer value */

retr1eve_AecNo = tran_a.ee;

if (retri eve_AccNo « 0){

cout**"^ You have pressed 0 to exit. \n";

getdiO;
return \.

:

clr&cr{);

diipHeCordS newRec'

dccountTrans actions aa;

-int rcw-a, checit :

fstream filename ;

FIL£ * pFile;

pFile = fapen( H newrecnrdi.dat* t *r*}

;

if (pFile -- MJllI
)

(

cout*<"\n No such Account Exists. Please create a New Account, \n";

getchf);

return ;

} else if (! newRec t account £s 1sts( ret r.eve_Acc No)) (

cout « H \t\n Account does nc-t exi st An";
getchf);

return;

] else f

showAc count ( retri eve_AccNo) i

filename. open{"transact1ons.dat", 1os;:1n);
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// dateDiffer() method displays the difference between 2 dates.

1 nt account transact ions dateDif ferfint dayl. i nt monthl, int yearly int day2,

int mpnth2, int year£)

\

static Int monthArr[] - (31»Z8.31.30.31,30.3],31 .30,31 .30,31 k //Array of

months for storing the no. of days in each array

int days = 0 j

while (dayl != day? || monthl 1= month2 || yearl !- year?)

{

/* checking if the two dates in day5,months and years differ and incrementing

the number of days.*/

days++
;

dayl++
;

if (day! > monthArr[m<?nthl-lJ}

I

dayl = 1
;

monthl *+
;

If (monthl > U)
I

manthi - 1 ;

>earl++ j

)

} return days ;

// getlntere*t(J function calculates interest on the balance from the transactiun.dat

file

float accountTransactions get I uteres t(l nt retr1eve_AccNo. float i Balance)

f

fstream filename
;

f i 1 enam^.ftpenC trans act ions, dat" , ios : : in}

;

dispRecords nenftec

;

filename-'seekg^iDs; ;bey)
j

int dayl. monthl. yearl. month_day;

penile (filename, read ((char *) this, sizeof (account Trans actl orvs) )

)

(

if (Account Number ** retrieve_AccNo)

{

dayl » dday :

monthl - mnonth ;

yearl - yyear ;

i Balance = newAec.getBal aocefretri eve_AccHoJ

;

break ;

}

I

int dayZ> ™onth2, year?;

struct date datev?!

j
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getdate^ietateval

)

l

day2 = dateval ,da_day;

roonth2 » dateval .dajnon:

year2 = datetral .da year;

^1 ait i nterest_accrued=D .0;

int yeardiff - year? - year I;

if f (year?-cyearl} || (year2--yearl 4A montt^monthl) || (yearZ=-yearl

month2==raonthl U da>2<dayl)) {

return Interest *Ccrued;

}

month_day = d*t«D1ffer(dayl,mpnthl,ye4rl,d«y2 >rr^nth2 >
y«arZ)j

int months;

If {month_day > MJ
{

months - month day/30;

} ilse {

months - month_day/3G;

}

if (interest_accrued - 0 && yeardtff 1) (

interest_accrued = f (iBalance*D,5j/]0O) * {months.)*

) else if (yeardiff * 1 AS, yeardi ff * 25 i& intere5t_accrged == 0) {

interest_accrued {fi Balanced. 5)/10Q) * (months);

) else \

i nterest_accrued 0;

)

filename.closeOi

re t urn 1 nterest_« crued

;

]

/"Method for generating Interest and Uddatlofl of the Balance and addDetftils

methods. {Choice 5)*/

void accoun.tTra.ns act Ions r: showlnterest(void)

{

clrscrfj [

char t_acc[10]

;

Int tran_acc, retrl e ve_AccNo + check ;

tout «strupr( ll \n important Information: Interest should be generated onlyVn

once in a Year. Vn\n\t ff you have already generated interest for an AccountAnU
please ignore that Account. \n\t Thank you. \n" )

;

tout *<"\r\ Press 0 to go back to previous nenuAn"
;

cout «'\n To view the transaction of the Account, please enter it: *
;

gets (t_acc) ;
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/* This method does, all the Depps i t/ki thdrawal transactions in the transaction dat
frle(Choice A)*/

void ac [ a un transactions, t: trarsactianfvoid)

I

clrscr();

char t_acc [ID]

;

int transact, retrl eve_AccNo, check;

cout «" Press 0 to go back to previous *enu.\n N
;

cout «* To view the transaction of the Account t please enter it: j

yets(t_Acc)
i

tran_acc = atoHt_accJ j

retrieve_AccNo - tran_acc i

if fretri*ve_AccNo « 0)

return ;

clrscrf) ;

dijp Record* nEwRec ;

if (! newRec . account Ex 1 sts { ret ri eve_AccNo) }

[

COUt <«! H \t\n Account doe* ngt existAn -
j

gtetch(h

return

[

]

cgirt **" Press 0 to go hack to previous menu .An" e

COUt-":' \n"

;

cout^^n -Hake correct entry for the Transaction below- \n";

int dayl. month 1„ yearl;

struct date dateval

;

getdate(Udateval )

;

dayl - dateval .da_day;

month t dateval hdajwii
yearl - dateval .da_year:

cout «' Oate r '-"dayl «"/ M fqinnthl <cyearl^<"Vn" j »

cout «' Account no. • «retrf eve_A«No«*\ n
"

;

Char retrieve_Ciii5tNaine[3Q] ;

char retrleve_A4dress[60] ;

Mo. at ifialance;

float 1 nterest_accrued - 0.0;

strcpy ( re t ri eve_C us t ftame . nenRec . g et Name f ret r i eve_AccNo) J ;

Strcpy ( re tri e ve_Add res? „ n ewRec , -getAddress ( retri eweftcc No) J :

i Balance - nenrRec.get&al an ce( retrl eve_AccNo)

;

cout «• Customer Name :
" «retn" eveJNis tNaroe

;

COUt « m
\f\ Customer Address :

" «retrieve_Addres5 :

cout ""Xn Bank Balance: " «1 Balance j

char tranDetails. typeTransaction[10]
,
tm[10]

;

float E_a/»unt
1,

t_amt 1
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34 * * Object-Oriented Programming with C++

do

I

cout «'\n Please enter D for Deposit or W for Withdraw! of Amount ;
*

;

tranDetails = getcheO ;

if ftranfJetails '0') j

C0ut«*\n\n You have preyed 0 to Exit.";

getch
( )

;

return;

\

tranDetails toupperf tranDetails) ;

\ while (tranDetails !- 'W
l

A& tranDetails I- '[>') ;

do

!

cout «B
\n The Transaction type is either Cash or Cheque, An" j

check = 1 i

cout «*
{ Cash/Cheque} :

H
;

gets ftypeTransactl on J ;

strupr(typeTrans action}

;

1f(typeTransact1on[0] •« "O'J (

cout^^nXn Ifou have pressed 0 to Exit.";

getch{);

return;

}

if [strTfrn(typeTransaetian} < 1
| |

<stranp(lypeTransact1 on /CASH") l&

StrO^ ( tjpeTrin ^CtiOn, "CHEQUE") ) }

{

check = 0 3

cout<^"\n The Transaction is invalid. Please enter either

Caih or Cheque-. \ti* ;

getchf) ;

} while (I check)

;

do

{

cout «"\n Please enter the Transaction Amount : \n H
i

check - 1 ;

cout «" Amount : Rs,

geEs{tmj i

t_arwt = atOf(tm) ;

t_an»unt t_amt ;

if (t_amount < J
| f

(tranDetails == V *& t_*iflOMiU > 10*Unctj )
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53G* Object-Qrienled Programming u/ith C++

tran_acc * atoi(t_acc)
j

/* changing account no. to integer type. */

retrieveJ^cPlo - tranacc
;

drscr() ;

dfspftecords neMftec ;

if f I ne*Rec . ac counttx i st s { retri eveAccNo)

)

I

cout «"\t\n Ydu have entered an invalid Account or it does m% exist, \n";

cout « Please try aga1nAn H
;

get c h ( j

;

return ;

!

cout «*\n Press D to go back to previous menu\n w
;

cout«'\n Closing this Account. \n";

cout« a**************************
******* Vn\n" i

fnt dayl* monthl . yaarl ;

Stmet date dateval

;

getdate(*datevalj

;

dayl = dateval .da_day ;

wont hi dateval .da_mon ;

year! dateval. da_year s

cout «"Date; "«dayl «m
f* «monthi «*(* «yearl« H \n N

;

char choice;

newRe£.dfsplay(retrte«_AccNo); /*D1 s-pTayl ng the Account Details on the basis of

the retri eved Account Nurfjer*/

do

{

cout «"\n Are you sure you want to close this Account? (y/n)

choice get chef )i

choice * toupperf choice) ;

} while {choice I- 'H* U choice I- 'V)i

if (choice ™ 'N' 1| choice « 'n') 1

C0ut« N \n The Account it not closed. \n";

getchO

;

return;

1

newRec . del eteAccoun t ( ret ri eve^Acc No)

;

del eteAccoun t ( ret r i eve_AccNo)

;

cout «'\t\n\n Record Deleted Successfully, Vn"

;

cout Please continue with the application \n";

getch{J j

}

/* The Login method checks for the usern-are and the password for accessing the

Banking Appl i cation*/
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int login (void)

\

char 'iseroame[9j ,ch;

char usem^mel [] -"banMng";

Int 1=0;

char a,h[9] ,pis*[]-"tttAh1H N
;

CDut« M \n\n*j

ccut«"\n\t Login to the Banking Application. \n";

cout«'\n\n\tP lease enter Dsernsme :

cin » username;

cout«'\n\n\tP lease enter Password to authenticate yourself :
H

;

ffllusht&tdinj;

do

{

ch=getch()

;

if (ifralnipn(ch)}

\

b[1]-ch;

COUt*****l

)

^f[ch« ,

\r
,

)

h[1]-'\0'i

else iffch«'\b')

(

cout«' \b\b"

;

)

]

whiletehl-'Xr'Ji

ffTush(stdfn):

i f
(
( st rcmp [ b , pas s ) «0 ) £& ( s trcmp ( us s rnanel. us e rname) -0)

}

[

ccut«*\n\n\t You have entered successful lj\n\n"

;

return(l)

;

}

el se

{

«ut«"U\n\n Intgrrect Useriame Or Pa$ iwOfd .

"

;

eout«'Vn"

;

ret urn (0)

;

}

Copyrighted material



Hidden page



Appendix B

Executing Turbo C++

|B^^^ntroductiMi

AH programs in this book were developed and run under Turbo C++ compiler Version E.O, in

an MS-DOS environment on an IBM PC compatible computer, We shall discuss briefly,, in

thin Appendix, the creation and execution ofC++ programs under Turbo C++ System,

Exiting « computer program written in any high-level language invokes Several tibepfr,

hh liHted belnw:

1. Develop the program [nuun;^ eodu).

2. Hdi-ct a suitable file name under which you would like to store the program.

3. Create thy program |n t^e compiiler and save it under the filename you have de-

elided. This file U known An Kauri:? rude file.

4. Compile the source code. The file containing the translated code is called object

code file.. If there are any errors, debug them and compile the program again.

5. Link the object code with other library code that are required for execution. The
resulting code is called the executable code. If there axe errors in linking, correct

them compile the program again.

& Run the executable code and obtain the results, if there are no errors.

7, Debug the program , if errors are found in the output.

S. Go to Step 4 and repeat the process again,

These steps are illustrated in Fig, 8.1. The exact steps depend upon the program
environment and the compiler used. But, they will n -Humble the steps described above.
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Progrun f ile rume

Source

J

COMPILE DEBUG

code F'e

Library 1

LINK
programs

|

>

Data

cods file

RUN
|1

•

res

Fig, B.i Program development and execution

Turbo C++ find I Jorli-md. C++ am tKe two moat popular C++ compilers, They provide ideal

platforms fur LL'tirniii^ and developing C ++ programs. In genoraL both TurboC++ and Borland

C++ work the same way, except soma additional features supported by Borland C++ which

are outside the scope our discussions. Therefore,, whatever we discuss here about Turbo
C++ applies to Borland C++ as well.
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|B»3 T\irt>oC+-r

Turbo C++ provides a powerful environment called Integrated Davelupmettt Environment
(IDE) for creating and executing a program. The IDE is completely menu-driven and allows

the user to create, edit, compile and run programs using what are known as dialogue
boxes* These operations are controlled by single keystrokes and easy-to-use menus.

We fin>i use the editor to create the source code file, then compile, link and finally run it.

Turbo C++ provides error messages, in case errors are detected. We have to correct the

errors and compile the program again.

I
B.4 IDE Screen

It is important to be familiar with the diM.iiiJ> nf the IDE screen that will be extensively uned

In the program development and execution. When we invoke the Turbo C++, the IDE screen

will be displayed as shown in Fig. B.li. As seen from the figure
h
this screen contains four

parts:

• Main menu (top line)

• Editor window
• Memshhre window
• Statue line (bottom line)

Fife Edil Search Run Gorods Dvkug Pnjjict Optons Window Mile

NQNAME OO.CPP 1 -
Main
menu

Editor

window

F1 Help F2 Save F3 Open M-FB Compile FB Mske FIOMsnu

Message
window

Stalu&

ft*

Fig. BJ. tyXHilrtg fifteen
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542* Object-Oriented Programming with C++

Main Menu

The main menu lists a number of items that are required for the. prop™m development and

execution, They are summarised! in Tabls B.l,

Table B,l Main menu items

/ton Option*

DisultLVM the vursion n lliiiEii rli'iirs nr rnstnrj-s si n.^'-ri . ?uid msjtuP;

varioua utility programmes aupplied with Turbo C++

File Loads and naves filea, handler directories invokes- DOS, and eidst-i

Turbo C+

Edit Performs various editing functions

Search. Performs various text searches and replacements

Complies, links and runs the program currently loaded in the environ-

ment

Compile Compiles the program cu rrcntly in the environment

Debug Seta various debugger options, including setting break points

Projects Mijnfiflea multifile projects

Option* Seta various compiler, linker, and environmental options

Window Controls the way various windows are displayed

Help Activates the context-sensitive Help system

The ma-in menu can be activated by pressing the F10 key. When we select an item en the

main menu, a pull-down menu, containing various options, is displayed. This allows us

to select an action that relates to the main menu item.

Editor Window
The editor window is the place for creating the source code of C++ programs. This window
is named NONAME00,CPP, This in the temporary nairn* givi*n to n fi I ft which can he changed
while we save the file.

Message Window
The other window on the screen is called tho m-essage window where various messages are

displayed, The messages may be compilerand linker messages and error messages generated
by the enrnpilsr.

Status line

The stattiH line which lh displayed at the bottom of the screen gives the sfcatuti of the current

activity on the screen. For example, wbun v. urc: working w Ll bi FILE option ofmain menu,
the status line displays the following:

Fl Help
|
Locate and open a fUe
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| B, 5 Invoking llirbo C+ +

Assuming that you have Installed the Turbo C++ compiler correctly, go to the directory in

which you want to work, Then enter TC at the DOS system prompt;

C:>TC

and press RETURN, This will place you into the IDE screen as shown in Fig. B,2. Now, you

are ready to create your program.

I
H.6 Creating Source Code- l ile

One* yon an:-, in the IDE screen, it is simple to create and save a program. The FlO key will

take you to mam menu and then move the cursor to File. This will display the file dialogue

window containing various options for file operations as shown in Fig. B.3, The options

include, among others, opening an existing file, creating a new file and saving the new file.

File Edi1 S«wrch Run Compile Debug Prujed OpIiCAS Window Help

h P+ONAWe OO.CPP 1New
Open ...

Save

Ss^e as,

Save all

f.i

F2

Charrge dir ....

Print

DOS shell

QuH Alt*X

1 : 1

MB&&aga 2 —I

Fl Help
|

Locate and open a Ala

fig. B-3 «* File dialogue window

Sinew ycm w ant to crwaLH a new file, move the cursor to New option. This opens up a blank

windciw i
-.

I kid editing window and places the cursor inside this window. Now the system is

ready to receive the program statements as shown in fig. B .4.
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546 • Object-Oriented Programming with C++

File Edrl Search ftgn Compile Debug P«>jea Opfons Window Help

TCST.GPP 1 —

,

rrtain(>

COut « "C*+ is twttwr fran C";

i^ym 0;

)

-1:1—

Cornering

Main liia: ..ytest.cpp

Comprfing: EOrTOR -> TEST.CPP
Total File

Lln&s compiled: 083 d&i

Warning* : 0 0

Error* :fl 0

Available memory . 1S«iCK

Success : Press any key

F1 Help Alt-Ffl Wax! Msg rTev Mag Atl-F-9 Compile F9 Make F1Q Menu

Fig. B.7 ^ CnFnpj'Jlafforj n'rffdcw

[b.9 Running thti Program

You have reached successfully the final stage ofyour excitement. Now, select the Run from

the main menu and again Run from the run dialogue window i"See Fig, B.S). You will see

the screen flicker briefly. Surprisingly, no output Is dispiayud. Where hun the output gone?
It has gone to a place known as user screen.

In order to see the user screen,, select window from the main menu and then select user

screen from the window dialogue menu (See Fig,B,9). The IDE screen will disappear and
the uaer screen ia displayed containing output of the program test.cpp as follows:

C * TC

Note that, at this point, you are outside the IDE. To return to IDE, press RETURN key.
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- Fie Edit Search Run Compile Debug Project Options Window Help

^include tios-l
_sam>

rr-ain; j

(

return Q:

1:1

Run ClrHFS

Program re?et CtrhF2

Co to cursor F4

Trae* into F7

Step over F8

Arguments ...

Manage.

1 —

I

a —i

F1 Help | Execute or singla^tep Ihraug 1

- a prog/a-n

F,8 <z>Run dialogue menu

F*« Edit S*arch Run Cample Drouj Proiecl Opt cms Window Help

include <iostroamh>

rna*n()

{

cout
«

"C*« is bensrlhan C
r&i'j-

-
'- u

1 :

1

SizEi'MavB C:rl-,r5

3«r« PS
Tile

Cescede
NexJ F8

Cl"?w Ah-FT1
.

CId&e all

Mess-age

QylpUt

'Aslch

Sawn
Register

Profecl

Prqec ! Notes

List all AII+O

F1 Halp | Make the ne^t window active

Fig, B.9 *=s Window dialogue menu
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[b.10 Managing Errors

It is rare that a program rims successfully the first time itself. It is common to make wme
syntax Etrrorn while preparing the prttgram or during typing. Fortunately, all such errors

are detected by the compiler or linker-

Compiler Errors

All syntax errors will be detected by the compiler, For example, if you have missed the

semicolon at the end of the return statement in t^st.upp program, the following message

will be diiiplayed in the cntrHHa^E.'- window.

Error.. .\TEST.CPP G Statement missing:

Warning. . .\TEST.CPP 7: Function should return i value

Tho number 6 is the possible line in the program where the error ha* occurred. The

screen now will look [ike the one in Pig. B.1Q.

= File Edit Search Run Compile Debug Project Optons Window Help

I

TEST .CPP
; i

malnQ

(

out «'C+* la betlarttiam C";

return 0

}

1:1

Mn«p
Compiling ..CTE5T.CPP:

Error ,.VTEST,CPf*6: Sttffifiifinl mining.

WHming ..VTEST.CPP 7: Functions should rafurn value

F1 Hilp AH-FJS hl*Kl Msg All F7 Pr*v Msg AM-F9 Compile 19 Mj*e FlQ Menu

Fig, B.10 w Display of error message

Press KNTEK key to go to Edit window that contains your program. Correct the errors

and then compile and run the program again. Hopefully, you will obtain the desired results.
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Linker Errors

It is also possible to have errors during the linking process. For instance, you may not have
included the file iostream.h. The program will compile correctly, but will fail to link. It will

display an error message in the linking window . Press any key to sec the message iu the

message window.

Run-Lime Errors

Remember compiling and linking successfully do not always guaranty the correct results,

Sometimes, the results may be wrong due logical errors or due to errors such as stack

overflow, System might display the errors such as null pointer assignment. You must consult

the manual for the meaning of such errors and modify the program accordingly.

[fi ll Handling an Existing File

After saving your file to disk, your file has become a part of the list affiles stored in the disk.

How du we retrieve fiuch files and execute the prugrmiLS written to them? You can do this in

two ways:

1. Under DOS prompt

2, Under IDE

I!' ruler DOS [imm fit. vim cm isivokn .-as follows:

C > tC TEST.Cff

Remember to type the complete and correct name of the file with .cpp extension. Una
command first brings Turbo C++ IDE and then loads edit window containing the file

te&ttCpp.

K" you are working under IDE, then select open option from the file menu. This will

prompt you for a file name and then hmrln the Hie its you. respond with the enrrerit Tile name.

Now you can edit the program, compile it and execute it as before.

Scune Shortcuts

It ie possible to combine the two steps ofcompiling and linking into one. This can be achieved

by selecting Make EXE file from the compile dialogue window,

We can shorten the process fay combining the execution step as well with the above step.

In this case, we must select Bun option from the run dialogue window. This causes the

program to be compiled, Linked and executed.
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Many common operations can be activated directly without going through the main

menu, again and again. Turbo C++ supports what are known as hot key$ to provide these

shortcuts. A list of hot keys and their functions are given Table B.2. We can u!*e them

ivhrncvcr nirosijaj'y.

Hat Key Meaning

F1 Activates the online Help system

F2i - Sjivfifl the filfi ciiTTGntLy kreirip edited

LcHris EL fllf!

F4 h\i iri j| ivc-: I in "it in i ii ir 1 I'm 4
i

* i : j -.. ik
i - vr-;3L'h- j

ri

Fft j^jiriiTiii tTip Jirtivp windrow

^uri Pj-ri i it: ri* wi ji ii w i ri 1 1 1 iwj

r r
rFJiraa Fiip^rHirpQm cfc ina hi Fint i fin no 1 1 c
L - ill ' . • L.T 1 . L. I I 1 1 1 . ."iTl

1
JJ £1 LULILLLUJI K 1 1

~-

1
I'v-ir'tj-i r^rViiypiam " jlrir^c "Ti mft irvn llu
1 J ill.tfn L>[i.^L^J iTLLL. aJL-LEJE} 1 LI J It- 1 J LiH 1 S-UJIS

'.\jmju h > iiri.iL jJLlhSi ijnj^, rii lias

T1
1 nr i lj

A/ifivahuL: rnu 1 1 1m n mon 1

1

irU.l.l¥ elLtrb LEIc J 1.1dill lllclLU

\r t onL L -\J 1 wis: j""irif*Ti urirtririiwq.

AT T -n Ijitninfm- linnjlrimi n /pi rrill^l lui 1 1 kmlKfll Ci "l

• 1
1 1 '

! I 1 [tlUal LN 1 r r - 1Ugl i J

AT T Pi ^nj~iuia the "klhth/i i hal n oAKumiT>n 1 1 Vi vS Mil 1 1 r K \ ,

•

. 1 1 > . 1 1 1 E j rw 1 rt.t II

AT ,T. PS 1 Iff' Id >r i 1 h i hltivp wtTiHowi r m i i ri iiii iha j i r fy lj in j *m f n

ALT-F4 Op^Ttji syi Insp&cEi'iT win-dnw

ALT- PJ5 C

)

i™ii*'ti ^ n 1 Tt -jtii'i 't i ir win i
»,

U T-P7. 1 1 i L 1 Pppvtiouh HrnirX J . r 1_L Vr t_ lira

ALT-PR

ALT-Ftt romnilL-s lilt; tti OBJ

Al /T.SPAC!ERAR Artivflfpft hrir^ ninin mpnn
. 1 1 1 > I 1 LI .n LLJf . III.IJILI JIM. 1 L *. J

AT.T-f! Ai"1 i v i r i "k; ^lli* £ ^firfl kill** kTlP-TILh

ALT-D
. _ ii r\ 1

Actrvates the Debup mfnu

ALT-E AiiivcUus tbi.- Kclit menu

\LT. f Activates the Vi\e. menu

ALT-H Activtitvs tht- Ht;]p menu

ALT-O Activates the Options menu

ALT P Activates the Project menu

ALT'S Aftivnujs the Kun menu

ALT-S Activates the Run menu

ALT.W .ActivatcR the Window menu

(Contd)
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Appendix C

Executing C++ Under
Windows

|CI Introduction

C++ isJ One tif the most popular luTagLm^H due- La iLs pmwur and portability. It is available for

different operating systems such as DOS, OS/2, UNIX,, Windows and many others. C++
programs when imp3enie-nLi-d under Windows ore calkd Visual C++ programs. Therefore,

there is no difference- between C++ and Visual C+ + programs in terms of programming hut

the difference lies in terms of implementation.

A C++ compiler designed for implementation under Windows is known as Visual C++. A
C++ program running under MS-DOS will also run successfully under Windows. This is

because t the rules of programming ?re the same; only the environment of implementation is

different and is shown in Fig, C-l.

C + + I rifiNf-n.-'Mlinn

MS-DOS Environment Win'*nw5 ErwirwuraH
Li- 1

1

Cofm&ntonal C*+ Visual C++

. Fig^ C,l <f=> C++ Iwplementaiitm environment
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A C++ programmer can easily become a Visual C++ programmer ifhe knows how to use

the implementation tools of his Visual C++ system. La this Appendix, we introduce the

features ofMicrosurt Visual C++ and discusH how to create, compileand execute C++ programs

under Windows.

The Microsoft Corporation bus intruduciid. a Windows ba^ed C++ development, environment

named as Microsoft Visual C++ (MSVC}. This development environment integrates a set

of tools that enable a programmer to create and run C++ programs with ease and style.

Microsoft calls this integrated development environment (IDE) as Visual Workbench*
Microsoft Visual Studio, a product sold by Microsoft Corporation, also includes Visual

C + +
,
in. addition to Other tooln like Visual Kami:, Visual J++, Visual Fo*pm, etc.

It is important to be familiar with the Visual Workbench that will be extensively used in the

program development. The Visual Workbench is a visual user interface designed to help

implement C++ programs, This contains various tools that are required lor creating, editing,

compiling, linking ant! running ofC++ prujirr-inis under Windows. These tools include File,

Edit, Search, Project, Resource, Debug, Tools, Window and Help.

C.2 The Visual Workbench

r^i
TdJa bar

Main menu

Tool bar

Decuman*
window

"7" View Pane Developer
winricw

Message
window

laJXB Si ill in -:

Fig- C.2 Vr?Mflf workbench opening screen

J
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When we invoke the Microsoft Visual C+± (Version 6.01. the initial screen of the Visual

Workbench will be displayed as shown in Fig. C.2. As seen from the figure, this screen

contains five parts: 1) Titlf h;ir M^in mem.i "il Tool bar 4) Developer window 51 Status

line.

Main Menu

The main menu lists a number of items that are required for program development and
execution. They nre Nurnmarijced in Table (Xl.

Table CA Main menu of visual workbench

turn f-uiwtionsSOption*

File Creates ei new Tile or opens an existing file fur editing. Closes and saves ftii-f i'.xiln

the Visual Workherifh.

Edit Performs various editing functions, such as search ins, deleting copying, cutting

and pasting.

View Enable dUTercnt views of screen, output* workspace.

Insert Insertion uf Graphics resources like pictures, icon*, HTML, CftC. can be dune.

Project Sets up and edits a project {a list of files).

Build Compiles the source code in the active window. Builds an executable file. Detects

errors.

Tonta f!iiiitc>mizi™ the environment, the editors and the debtiKUiT

Window Controls the visibility of various Windows involved In an application development.

Help Provides help about using Visu.il ('-+ tbmuph Microsoft Developer Network
Library fMSDN Library). Online help also can be received provided on Internet

connection.

Once a main menu item ia selected, a pull-down menu, containing various options, Ls

displayed. Thia allows us to select an action/command that relates to the main menu item.

It is likely that an option in the poll-down menu is grayed, This means that the particular

option is currently not available or not valid. For example, the Save option in the File menu
will be grayed if the workspace is empty.

Snmi? options are followed by three period* (..). Such an uplbn, when .seleirbed, will display

a submenu known as dialog box suggesting that some more input is required for that option

to get implemented. Options followed by the symbol ^ means we have to select a choice

from the list.

Tool Bar

The tool bar resides just below the main menu. This provides a shortcut access to many of

the main menu's options with a single mouse click. Figure, C,3 shows some important tool
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bar commands that can be uhccJ From unywhuru within thu Workbench. Several tool bars like

Standard, Build, Edit, Wizard Bar. elc. arc available which can be enabled/disabled from the

screen using Tools/Customize option.

MjciotaH Visual C+* [T trail
|

I,US fit E* Y*«w jntffit Piajfei Quid Tools. Wrdow tlrip

^ ffi ifi |
! >U

Open new edit windows Open an existing fita 5avus current 'ih

:

i

fig. C3 <r5 'J'ijoI fw actions

Developer window

Just below the tool bar is the developer window. It is initially divided into three parts as

shown in Fig. C.2.

• View Pane (on the left)

• Document window (on the right)

• Message window {at the bottom)

The view pane has three tabs for ClassView, FiteView and InfoView. Once we have a

project going, the ClassView will show us the class hierarchy and the File-View will show us

the files used. InfoView will allow us to navigate through the documentation.

The document window, also known as workspace, is the place where we enter or display

our programs. The message window displays messages such as warnings and errors when
we compile the programs.

Accessing Menu Items

Before we proceed further, it is important to know how to access the menu items. There are

two ways of accomplishing this:

1. Using the mouse
2. Using the keyboard

Mouse Actions

Ufling the mouse for accessing an item is the most common approach in Windows
programming. We can perform the following actions with the mouse:
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* Move the mouse pointer to a desired location by moving the mouse without pressing

any button.

• Click the left mouse hutton when the pointer is over the preferred option,

Keyboard Actions

Though tin* use of mouse is a must for Windows-based applications, the accessing can also

he done through keyboard. Simultaneously pressing theALTkey and the underscored letter

ofthe menu item required will activate the corresponding pull -dow u menu, The underscored

letter is known as hot key. Once a pull-down menu is displayed, using the down/up arrow

keys an option can be highlighted and then pressing the ENTER key will activate that

option.

Some ofthe options in a pull-down menu can be directly activated by using their hot key

combinations shown against these options. For example, Ctrl+N is the hot key combination

for the New option in the File menu. Similarly by pressing Ctrl+S, a file can be saved

without usin^ pull-down menu. This shortcut approach can be used from anywhere within

the Visual Workbench,

|c.3 Implementing Visual C++ Programs

Developing end implementing » computer program written in any high-level language
involves .Rpvsral steps already described in Appendix B.

|c^^^Creatjjt^^^o»rc^Cod^iik

When you have installed the Microsoft Visual C++ compiler correctly, you can start the

Visual Workbench from Microsoft Windows, To start the Visual Workbench, simply select

the Visual C++ icon from the Programs group and click on it. This will bring up the Visual

Workbench screen as shown in Fig, C.2. Onoe you are in the Visual Workbench screen, it is

simple to c reate and ftflve a program.

Entering the Program

The first thing you need to do before entering a program is to open a new file. Select the File

menu from the main menu. This will display a pull-down file menu as shown in Fig. C 4.

The options include, among others, opening an existing file, creating a new file and saving

the new file.

SLntiH, you want to create a new file, choose New „, option which will bring up the New
dialog hex Os shown in Fig. C.5 displaying a list of different types of programming fil«H.
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El fife £d* i« Jreort Props* Slid Icab ^'mdas- HJefc

12 D - DtUN

ihi.i

jj

til S#«AJ

1

to

ilJJ

J
r

Fig, C.4 e=> Visuai C++ Workivnch file menu

For entering h new program, Ftelect File/C+4- Source File option and then elicit on the OK
button. Thin openfj op hi blank window {similar to Fig, C.2) with thewindow title as 'Microsoft

Visual C++ - [CPF]' and places the cursor inside this edit window, Now the system is ready

to receive the program statements as shown in Fig, C.&.

Saving the Program

Once the typing is completed, you are ready to execute the program. Although a program
can be compiled and run before it is saved, it is always advisable to save the program in a file

before compilation, You can do so by doing one of the following:

1, Using File/Save command
2, Pressing the Ctrl+S hot key combination

3, Clicking on the third button from left on the toolbar.
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MiuiutoM V»u«t C++ lCpp2
"

i

•KJ fife fdf View P^w* S«W look ^nkm Help -igj *

h
1 3! J "J

"
! >i

''

-lit

'include <. loatroan. 1

usmj tianespaca std.

mcluda header file

int Hint )

{
cout << 'C++ is better than C Nn"; •- * --t«

return 0

1

\' End ct G3Kjr.pl i3

I ? ! -i iVJi . 1

ill

.
^Debt« X Fndmffetl X Find " FJa-t 2 XJ «J I r

UvIICeT

Fig. C.6 » £dii uTFrrfcrey with the sample program

Table C~2 Three ways vfcompiling

Command

Muilcii'tVimpi

Uuild/Build

Ruiid-kehuiid At]

Action

OimpLV.-t ii ^- L 1

1

l-; I

h
- program file. The result is an object file. This option

is used, when we want to check a particular file for syntax errors. Note

that it does not link and therefore does not produce any executable GIh.

(
'i i in [>i Jt'a nil the modified/new source files and then links all the object

filets [u create a new executable file. When we are working on a project, we
usually use this command. That is because we may change a few things

here and there and want to compile only those modified programs.

Compiles all the files in a project and links them together to create

an executable file. This command is usually used when wc want to make
sure that L'vtrylhirtK in the project h&s been built again.

The compile option in the Build menu when selected will compile the source code into an
executable code if there is no errors or warnings as shown in Fig. C.7.

Copyrighted material



560* Object-Oriented Programming with C?*+

*• l-il HiCFaiOll VllUJ! Lf- [IlLIlPIjI 1*1 vl

"ik^---. d
i
i S-i

uaxDf mm*p*c* #td

tat hiiI )

{
rout i< "C-t- is bettor than C Mi"

let y i & 0,

Zimfi: '. Log
T«t cpp

- -Com f la'or-a t ion T« t'
: i.

'.
I «s±hit-

Je-s 1. obj - 0 Ermr[i), C warning^*}

<"'
i. D"bua X f «hTw FT*""" X f »d

F

h*TV" *| I

LA«Cd1 IRFCKX

I
Aft;

Fig. C.7 » Output window after compiling and Unking

While compiling a C++ source file the Visual C++ application will prompt a message to

build a npw workspace. Workspace is nothing but an area where we can have a number of

source Jlies, their compilation files and Jinking files saved altogether known as Project. This

will be used when we have to create a application with multiple source files.

Executable File

The executable file TEST.EXE will be added to the Build menu as shown in the Fig. C.8

after a zero crror(s) and zero warningfs> compilation.

The output window indicates that there are no warnings and no errors. The Compile

command has successfully generuted the executable file TEST.EXE.

| C ! ,6 Run ititifi the Program

You. have reached successfully the final stage of your excitement. Now, to run the program,

click the Execute TEST.EXE option in Build menu, The output will be generated in a new
windows m shown in Fig. C.9.
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Fig yam Irarwri F^ajrt Sjtid 1*% a*

|<4dT*M*-«

~
1 *« claiMt

Tff-'-'T-'-T'*.,. jrj, flrtiMOAJ

QB4T1

,
t er HJ«5 C '-n*

-J M

-^^nnTTir-arat ion Test - VioJI Satrunj

—

Tr^i dt-j - 0 error flit 0 t«ntnt(»)

teat . cjp

lift. C& o Sij/W menu afi.-r stuwwhtl compilation

1 V, 3 3 L :E IBl -SI a|

C++ Is batter than C

.

Pt«» «*ry key rc continue

Fig.C9 *=* Output gmcraiid
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I
C.7 Managing Errors

It is rare that a program runs successfully the first time itself. When the program contains

errors, Lhey are diKpEayed in the message window as shown in Fig, C.10.

[

'. Tnl Mk-rriiolt Vjiu.iI r + + [T

"Q fi? £ci( Vi^s- \c-Mt Pt.ii,r.\ TmJ- W"rv1l>H H*p

include < iostrwui >

using na*E5pac« std.

include im

{
eotU << 'C++ i s better than C-^Tl*

lCtenVewfjii:4iViw»]

'

return 0;

A' End at sxanplc

w < PROGRAM 2 1 >

jjf
. . . •

~—Tv-—^77 ~~
:

c«pi 1 1 ng
T=st cpp
t \Hy Dccru»entS\T*St cpp(U) error syntax error iLsncg '. betm

Teat ,ohj - 1 error [a). ft want ing s j

r
CSV- 1 LnlCdl IRCC IDX fOVR IflEW

Fig> CIO <r> Output windou* error messages

You can double-dick on a syntax error in the message window to go tn the line containing

that problem. Fix all the errors, recompile and execute the program.

Ic.S Other Features

Windows programme™ now have a wider range oftools that can be used for the development

of object-oriented systems- Microsoft ban provided, among others h the following three tools

that would benefit the programmers:

Foundation Class Library
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# Application Wizard
* Class WLsard

The Microsoft Foundation Class (MFC) library contains a set ofpowerful toolsand provides

the users with easy-to-use* objects. Pmp«r use of MFC library would reduce the length of

code ar>d development tmu' rifnn application.

The AppWizard, short for Application Wizard, helps us to define the fundamental structure

of a program and to create initial applications with desired features, However, remember
that it only provides a framework and the actual code for a particular application Hhnuld be

written by us.

The ClassWizard, a close associate ofthe AppWizard, permits us to add classes or customize

existing classes. The ClassWizard is normally used after designing the framework using the

AppWizard.

U is tin: powurofthi! Wizards that make tlitt Microsoft. Visual C + + so useful and popular.

It is therefore important that you are familiar with these lools. You must consult appropriate

reference material for complete details.
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Glossary ofANSI C++
Keywords

Bftm It is to embed the assembly language statements in C++ programs . Its use

is implementation dependent.

auto It is a ntorage class specifier fur the* Local variables. An autu vuriuLLe in-

visible only in the block or function where it is declared. All the local

vnriablos ;m flf type auto by default.

bool It is a data type and ie used to hold ft Rcwjlean value,, true or false L

break A break mla Lament in used to chum.* an exit ("rum the loop artel switch

statements. It is used to provide labels in a switch statement.

catch catch is weed to describe the exception handler node that catchee the

exceptions (unusual conditions in the program I.

char It is a fundamental diaLa type and is used to dknilare character variables

and arrays.

class class is used to create user-defined data types . It binds together data and
functions that operate on them. Class variables known as objects are the

building blocks «fOOP in C++.

const It is a data type qualifier. A data type qualified as const may not be

modified by the program.

coni?t_jca«t It jb a casting operator used to explicitly override const or volatile objecto,

continue It causes skipping of statements till the end of a loop in which it appears,

It is similar to Haying "go Ui end of limp".

default II is a default label in a nwitch ntatement. The control ih transferred to

this statement when none of the cast- labels match the expressions in

switch.

delete It is an operator used to remove the objects from mei 1
1

1 in th at w c re created

using new operator.
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Ho

double

dynamic_caBt

viae

L'tlLI [11

explicit

export

extern

false

for

do is a control statement that creates a loop of operations, It is used with

another keyword while in the form:

do

{

statements

}

wMle(express^on) ;

The loop is terminated when the expression becomes zero.

It ib a floating-point data types sped fier r We use this Fipecific&tioo to double

the number (if digits after decimal point of a floating-point value.

It is a casting operator used to cast the type of an object at runtime. Its

main application is to perform cafitH on polymorphic objects.

else is used to specify an alternative path in a two-way branch control of

execution. It is used with if statement in the form:

if (expression)

statement- I;

el se

statement-?;

The statement- 1 is executed ifexpression is nonzero; otherwise statement-

?. is executed.

It is used to create a user-defined integer data type. Example:

enum E{el,eE, ... jij

where cl
p
c2 are enumerators which take integer values. E is a data

type and can be used to declare variables of its type,

It is ,i specifier tu r conHtrucUir. A cons Lructur declared as explicit cannot

perform implicit conversion.

It is used to instantiate non-inline template classes and functions from

separate files,

extern is a storage class specifier which informs the compiler that the

variable so declared is defined in another source file.

It is a Boolean type constant. It can be assigned to only a bool type variable.

The default numeric value of false is 0,

It is a FunduMntal data type and is used to declare a variable to store a

single-point precision value.

for is a control statcmonl and is used to create a loop ofiterative operations.

It takes the form:

for (el; e2; e3) statement;

The statement is executed until the expression e2 becomes ssero. The
expression el is evaluated once in the beginning And 63 is evaluated at

the end of every iteration.
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friend

goto

if

inline

int

Icing

mutable

namespace

new

friend declares it function hh a friend iif'lhe class where it is declared. A
function can be declared as a friend te more than one class A friend

function, although defined like a norma] function, can have access to all

the members of a class to which it is declared as friend

goto is a transfer statement that enables us to skip a group of statements

unconditionally. This statement is very rarely used,

if is a control statement that is used to test on expression and transfer the

control to a particular statement depending upon the value of expression,

if statement may take one of the following forms:

(i} H (expression)

statement-l J

„

stdtement-2:

(ii) if (expression)

statement-1;

*lse

statement -2:

In form {i), if the expression is nonzero (true}, statement- 1 is executed

and then statement-2 is executed. If the expression is zero (false),

statement- 1 is skipped. In form (ii), if the expression is nonzero, statenient-

1 is executed and Htatement-2 will lie skipped- if it is zero, statement-2 is

executed and statement- 1 is skipped.

inline n function f>pi'i:ifier which specifies to the compiler that the

function definition should be substituted in all places where ihc function

is called.

It is one of the basic; data types and is used to declare a variable that

would he assigned integer values.

Long is a data type modifier that can be applied to some of the basic data

types to increase their size. When used alone as shown below, the variable

becomes signed

long int.

long ii;

It is a data type modifier. A data item declared mutable may be modified

even if it is a member of a const object or const function.

It is used to define a scope that could hold global identifiers. Example:

rtAae&pace name

{

Declaration of identifiers

]

It is an operator used for allocating memory dynamically from free store.

We CHn use new in plate of maliocf) Function.
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operator operator is used to de (iriE* an uperutor function for overloading an operator

for use with l'Imkh objects Kxamplt*:

1 nt open tor* (vector ivl. vector &v2)

;

private It is a visibility specifier for class members. A member listed under private

is not accessible to any function other than the member functions of the

class in which it is used,

protected Like private h protected is also a visibility specifier fur class members. It

makes h member accessible not only to the members of the class but also

to the members of the classes derived from it,

public This is the third visibility specifier for the class members. A member
declared as public in a class is accessible

1

publicly. That is, any function

can access a public member,

register register is a storage class specifier for integer data types. It tells the

compiler that the object {variable) should be accessible as quickly as

possible. Normally,, a CPU register is used to store such variables,

reinterpret.cast It is u casting operator and is ueed to change one type into a frmdamen

tally different type.

return It is used to mark the end of a function execution and to transfer the

control back to the calling function, It can also return a value of an
expression to the calling function. Example:

ret urn (express ion);

Hhtiri Similar to lung, it in hLku a data typti modifier applied to integer base

types. When used alone with a variant, it means the variable is signed

abort int

.

signed It is a Qualifier used with character and integer base type variables to

indicate that the variables are stored with the sign. The high-order bit is

used to store the sign bit
h
0 meaning positive^ 1 meaning negative. A

signed char can take values between -127 to + 127 whereas an unsigned

char can hold values from 0 to '255. The default integer declaration assumes

a signed number,

sizeaf sizeof is an operator used to obtain the size of a type or an object, in

bytes. Example:

Int = ilzwf(char)

;

Int m = slzeof(x);

where x is an object or variable.

atalie statin is a storage class specular. This can be used on both the local and
global variables^ but with a different meaning, When it is applied to a

local variable, permanent storage is created and it retains its value between

function calls in the program. When it is applied to a global variable,, the

variable becomes internal to the file in which it is declared.

static cast It is a casting operator and may be used for any standard conversion of

data types.
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struct

switch

Template

this

Throw

true

typedef

typeid

typename
union

using

unsigned

virtual

void

struct is similar to a class and is used to create user-defined datatypes. It

can group together the data items and functions that operate on them. The
only difference between a class and struct is that, by default, the struct

members are public while the class members become private.

It is a control statement that provides a facility for multiway branching

from a particular [joint. Example:

switch {expression)

I

case labels

)

Depending on the value of expression the control is transferred to a

particular label.

template is u«<ri to declare generic classes and functions-

It is a pointer that points to the current object, This can be used to access

the members of the current object with the help of the arrow operator,

throw is used in the exception handling mechanism to "throw* an exception
for further act ion.

It is a Boolean type constant. It can be assigned to only abool type variable.

The default numeric value of true is 1.

It is also a keyword used in the exception handling mechanism. It is used

to instruct the compiler to try a particular function,

typed Hf is uss-d ro nivt» a new name to an existing data type, [t is usually

used tit write complex declarations, easily,.

[t is an operator that can be used tit obtain the types ofunknown objects.

It is used to specify the type of tem pla r c p a r.am pt crs

.

It Lb similar to struct in declaration but is used to allocate storage for

several data items at the same location.

It is a namespace scope directive and is used to declare the accessibility of

identifiers declared within a namespace scope.

It is a type modifier used with integer data types to tell the compiler that

the variables store non-negative values only. This means that the high-bit

is also used to store the value and therefore the size ofthe number maybe
twice that of a signed number,

virtual is a qualifier used to declare a member function of a base class as

"Virtual" in order to perform dynamic binding of the function. It is also

used to declare a base class as virtual when it is inherited by a class through

multiple paths. This ensures that only one copy ofthe base class members
are inherited.

void is a data type and is used to indicate the objects of unknown type.

Example:

void *ptr;
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is a generic pointer that can be assigned a pointer ofany type. It is alio

used to declare a function that returns nothing. Another use is to indicate

that a function iUw.s noi iuki< any m-Kutriente. Example:

wold pr1nt(void)i

volatile It is a qualifier used Ln variable declarations- It indicates that the variable

may be modified by factors outside the control of the program.

wcllV_t It is a character data type and is used to declare variable® to hold 16-bit

wide characters.

while while is a control statement used to execute a set ofstatements repeatedly

depending on the outcome of a test. Example:

while (expression)

{

statements

}

The statements are executed until the expression becomes zero.
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I

C++ Operator Precedence

The Table E. 1 below lista all tht operators supported by ANSI C++ according to their precedence

{i.e. order ofevaluation). Operators listed first have higher precedence than those listed next.

Operators at the same level of precedence (between horizontal lines) evaluate either left to

right or right to left according to their associativity.

Table £, 1 C++ Operators

Operator A/can iag Atmociativity Use

ri^ht to left ::name

class, namespace scope left to ri^ht name r : member

direct member Left, to n^hl abject,member
-> indict member pointer->member

II suhscript pomt<?r|expr]

(> function call exprtary)

i ) lype tonBtriirtion typefexpr)

postfix increment

postfix dcCrem.L'nt m

—

Sizeof size of object ripht to Left sizeof expr

sizeof size of type sizeof (type)

++ prefix increment ++tn

prefix decrement —

m

type-id type- LdentiEicfttion typeid(expr)

const_cast specialized cast

dynamic_CR*t

reinterpret_cast

6latic_cast

t)

specialised cast

specialized cast

specialized cast

traditional cast

one's complement

dynamic cast<eKpr>

reinterpret_cust<expr>

8tatic_CMt<#xpr>

(type)expr

-lixpr

(Contd)
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! logical NOT
- unary minus

usuy plus

address of

dereference

Cn.4IU CMJjeCt

new 1 create array

delete destroy abject

delete f ] destroy arrary

* member dereference
->* indirect member dereference

V Multiply

! Divide

% Modulus
- 1 1

add

subtract

« left shift

i-i
I-:

1 i i s'uli

leas than
]f^s than or fiiuul tn

> greater than
>= greater than or equal to

= equal

not equal

& bitwise AND

bitwise XOR

11
bitwise Oil

L UUt AND

1 1
logical OR

f:
ivmh r i P li'vn u 1 n^Ffc wc • r i

n

Lr?[LLLLV JLHTH J L Xptt!&b jUJT.

a tua i iTVi hviant

*= Fvihilti nl i1 1 1 p%rl 'itti
_ ^ - .J 1 L 1 1 . 1 * 11^/ 1 J 1 J 1 K

t
1

— n 1 tn na'm II ^ + a? sQLvilIl LLpQELTiL

L[klit£UIU> LL|JILiJK

+- add update

gubstract update
<^ left shift update
»= right shift, update

&= bitwise AND update

bitwise OR update

bitwise XOR update

throw throw exception

fionuna

' expr

— sxpr

+ expr

St value
*>

expr

new t».p*L

new type
[ ]

nj;ht to lett delete ptr

delete | ] ptr

left to right object .*ptr_to_membcr
ptr^*ptr_t&_m.emher

left to right eiprl * expr2

exprl i exprS

exprl % expr2

lelt to right expr 1 + expr£

exprl - expr2

left, to right exprl « expr£

exprl » expr

2

left to right L-sprl esprit

\'X 1 1 r 1
-

1 :k [rr±.

exprl > expr2

expr 1 >- expr2

left to right exprl= expr2

exprl != expri

left to right esprl fk expr2

left to right exprl A expr2

left to right exprl
|
exprS

left to right H'Sprl && expr2

left to right exprl
| | cxpr2

left to right exprl ? sxpr2r expr!3

rivht t£> left. x = expr

x *= expr

x /= expr

x %f exur
j

x += expr

i-= expr

x «= expr

x »- expr

x &= expr

x f
= expr

x
'" - expr

right to left throw expr

left to right exprl, eiipr2
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Points to Remember

1 . Computers use the binary number system which uses binary digits called as bits.

2. The basic unit of storage in a computer is a byte represented by eight bits.

3. A computer language is a language used to give instructions to a computer.

4. A compiler translates instructions in programming language to instructions in

machine language.

5. Application software is a software that is designed to solve a particular problem or

to provide a particular service.

6. Systems software is a software thiit is designed to support the development and
execution of application programs.

7. An operating system is a system software that controls and manages the computing

resources such as the memory, the input and output devices, and the CPU.
8. An algorithm is a detailed, Htep-by-step procedure for solving a problem,

9. The goal ofa software design is to produce software that is reliable, understandable,

o:.il-[ effective, adaptable, and reusable.

LO. Abstraction is the process of highlighting the essential, inherent aspects of an entity

while ignoring irrelevant details.

11. Encapsulation (or information hiding) is the process of separating the external

aspects of an object from the internal implementation details which should be hidden

from other objects,

12. Modularity is the process of dividing a problem into smaller pieces so that each

smaller module can be dealt with individually.

13. Organizing a set of abstractions from moat general to least general is known as

inheritance hierarchy.

14. Object-oriented programming is a paradigm in which a system is modeled as a set

of objects that interact with each other,

15. In C++ an abstraction is formed by creating a class. A class encapsulates the

attributes and behaviors of an object.

16. The data members of a class represent the attributes of a class.
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1 7. The member functions of a class represent the behaviors of a class.

13. A bam? class is one from which other, more specialized clas^a are derived,

19. A derived clase is one that inherits properties From a bane class.

20. Polymorphism is the capability of something to asaume different forma. In an object-

oriented language, polymorphism is provided by allowing a message or member
function to mean different things depending an the type of object that receives the

message.

21. Instantia^on is the process >A eventing an object from a class.

22. We must use the statement #include <iostream> a preprocessor directive that

includes the necessary definitions for performing input And output operations.

23. The C++ operator« , called the insertion operator, is used to insert text into an
output stream,

24. The C++ operator », called the extraction operator, is used to insert text into an
input stream.

25. All C++ programs begin executing from the main. Function main returns an integer

value that indicates whether the program executed successfully or not. A value of

0 indicate* successful execution, while the value 1 indicate^ that a problem or error

occurred during the execution of the program,

26. A value is returned from a function using the return statement. The statement

return 0;

returns the value ().

27. A C++ style comment begins with ft and continues to the end of the line.

28. A C++ identifiers consist* of a sequence ofletters (upper and lowercase), digits, and
underscores. A valid name cannot begin with a digit character.

29. C++ identifiers are case sensitive. For example. Name and name refer to two
different identifiers.

30. A variable must be defined before it can be uged, Smart programmers give a variable

an initial value when it is defined.

3 1. The automatic conversion specifies that operands oftypechar or short are converted

to type int before proceeding with operation.

32. For an arithmetic operation involving two integral operands, the automatic

conversion specifies that when the operands have different types* the one that is

type int is converted to long and a lung operation is performed to produce a long
result.

33. For an arithmetic operation involving two floating-point operands, the automatic

conversion specifies that when the operands are of different types, the operand

with lesser precision is converted to the type of the operand with greater precision.

34. A mixed-mode arithmetic expression involves integral and floating-point operands.

The integral operand is converted to the type of the floating-point operand, and the

appropriate floating-point operation is performed.

35. The precedence rules of C++ define the OTder in which operators are applied to

operands. For the arithmetic operators, the precedence from highest to lowest is

unary plus and minus; multiplication, division, and modules; and addition and
subtraction.

38. It is a good programming practice to initialize a variable or an object when it is

declared.
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101 . The location of a variable can bo obtained using the address operator &.

102. The literal 0 can be assigned to any pointer type object. In this context,, the literal

0 is known as the null address,

103. The value of the object at a given location can be obtained using the indirection

operator * on the location.

104. Thtt indirection operator produces an Lvalue.

LOB. The null address is not a location which can be dereferenced,

106. The member selector operator -> allows a particular member of object to be

dereferenced,

107. Pointer operators may he compared using the equality and relational operators,

LOB. The increment and decrement operators may be applied to pointer objects.

109. Pointers can be passed as reference parameters by using the indirection operator.

1 10. An array name ib viewed by C++ as constant pointer, This fact gives us flexibility in

which notation to use when accessing and modifying the values in a bst.

111. Command- line parameters are communicated U> programs using pointers,

1 12. We can define variables that are pointers to functions, Such variables are typically

used as function parameters. This type of parameter enables the function that uses

it to have greater flexibility in accomplishing its task.

L13. Increment and decrement of pointers follow the pointer arithmetic rules. If ptr

points to the first element of an array, then plr+1 points to the second element.

1 14. The name of an array of type char contains the address of the first character of the

string,

1 15. When reading a string into a program, always use the address of the previously

allocated memory. This address can be in the form of an array name or a pointer

that hftH been initialized tittinc. new.
1 16. Structure members are public by default while the class members are private by

default.

1 LT. When accessing the class members, use the dot operator if the class identifier is the

name of the class and use the arrow operator if the identifier is the pointer to the

class.

118. Use delete only to delete the memory allocated by new.
119. It is a good practice to declare the size of an array as a constant uHing the qualifier

const.

120. C++ supports two types of parameters, namely, value parameters and reference

parameters,

121. When a parameter is passed by value, a copy of the variable is passed to the called

function. Any modifications made to the parameter by the called function change
the copy, not Che original variable.

122. When a reference parameter is used, instead of passing a copy of the variable, a

reference to the original variable is passed. Any modifications made to the parameter

by the called function change the original variable.

123. When an iostrearn object is passed to a function, either an extraction oran insertion

operation implicitly modifies the stream. Thus, stream objects should be passed a

reference.

124. A reason to use a reference parameter is for efficiency, WTien a class object is passed
by value, u copy of the object is passed. If the object ia lar^e, making a copy of it can
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be expensive in terma df execution time and memory apH.Lt. Thus objectw that are

large, or objects whose stze is not known are often passed by reference. We can

ensure that the objects are not modified by using the const modifier.

125. A const modifier applied to a parameter declaration indicates that the function

may not change the object. I f the function attempts to modify the object, the compiler

will report a compilation error.

126. A reference variable must be initialized when it is declared.

127. When you are returning an addres.s from a function, never return the address of

local variable though, syntactically, this is acceptable.

126- If a function call argument dueu not match the type of a corresponding reference

parameter, C++ creates an anonymous variable of the correct type, assigns the

value of the argument to it and causes the reference parameter to refer the variable.

1 29. A function that returns a reference is actually an alias for the "referred-to
11

variable,

130. We can assign a value to a C++ function if the function returns a reference to a

variable. The value is assigned to the referred'to variable.

131. C++'a default parameter mechanism provides the ability to deflm' a function so

that a parameter gets a default value if a call to the function does not give a value

for that parameter.

132. Function overloading occurs when two or more function have the same name.

133. The compiler resolves overloaded function calls by calling the function whose
parameters list best matches that of the calL

134. Casting expressions provide a facility to explicitly convert one type to another,

136, A Cflnt expression ifc useful when the programmer whhLh to fart,* the Compiler to

perform a particular type of operation ouch as floating-point division rather than
integer division.

1?A't. A r.nxi i
j y jirnssion is useful f< hr ennverti ng the valued that Library function return to

the appropriate type. Thin makes it clear to other programmers that the conversion

whh intended.

137, An inline function must he defined before it ia railed.

138, An inline function reduces the function call overhead, Small functions are best

declared inline within a rlasK.

1-3&- Tn a multiple-file program, you. can define an external variable in one and only one

file, All the other files using that variable have to declare it with the keyword
extern.

140. An abstract data type (ADT) is well-defined and complete data Hhsir41.rjt.ion that

uses the principle of information-hiding.

141. An Al>T allows, the Creation and manipulation of objectH in a natural manner.

142. If a function or operator can be defined such that it is not a member of the class, then

do not make it a member. This practice makes a nonmember function or operator

generally independent ofchanges to the class's implementation.

143. In C++, an abstract data type is implemented using classes, functions, and operators.

144. Constructors initialize objects of the class type, It is standard practice to endure

that every object has all of it* data member* appropriately initialized.

146, A default constructor is a constructor that requires no parameters.
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146. A copy constructor initializes a new object to be a duplicate of h previously defined

source object, Ifa class does not define a copy constructor,, the compiler automatically

supplies a version.

147. A member assignment operator uopies a source object to the invoking target abject

in en ant;Lament statement, [fa class does not define a member assignment operator,

the compiler automatically supplies a version.

14S. When we call a member function, it mines* the data members of the object used to

invoke the member function.

149. A class constructor, If defined, is called whenever a program creates an object of

that class.

150. When we create constructors for a class, we* must provide a default constructor to

create uninitialized objects.

151. When we assign one object te another of the same class, C++ copies the contents of

each data member of the source object to the corresponding member of the target

object.

1 52. A member function operates upon the object used to invoke it
s
while a friend function

operates upon the objects passed to it as arguments.

153. The Qualifier const appended to function prototype indicates that the function

does not modify any of the data members. A const member function can be used by
const objects of the class.

154. The client interface to a class object occurs in the public section of the class

definition r

155- Any member defined in any socm ion — whether public, protected, or private —
is accessible to all of the other members of it* class,

156. Members of a protected section are intended to be used by a class derived from

the class.

157. Data members arc normally declared in a private. By restricting outside access to

the data members in a class, it is easier to ensure the integrity and consistency of

their values.

158. Members of private section of a cIhrs arp intended to be used only by the members
of that elass.

159. An & in the return type ibr a function or operator indicates that a reference return

is being performed. In a reference return, a reference to the actual object in the

return expression rather than a copy is returned. The scope of the returned object,

should not be local to the invoked function or operator.

160. When creating a friend function, use the keyword friend in the prototype in the

class definition, but do not use this keyword in the actual function definition. Friend

functions are defined outside the class definition.

161. Friend Functions have access to the private and protected member* of a class,

162. An operator can be overloaded many times using distinct signatures,

163. If we want to overload a binary operator with two different types of operands with

non class as the first operand, we must use a friend function to define the operator

overloading,
'

164. Do not use implicit type conversions unless it is necessary. If they are used
arbitrarily, it can cause problems for future users of the elass,
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lfi5. Whenever we use new in a constructor to allocate memory, we should use delete in

the corresponding destructor la (tan that memory,
lfto. Tin? relationship *'is_ a" indicates inheritance. For example, a car is a kind of vehicle.

Ifi7. The relationship
K
has_a" indicates containment. hnr example, a car has an engine.

Aggregate objects are constructed using containment.

Both inheritance and containment facilitate software reuse.

H3&, A new class that is created from an existing class using the principle of inheritance

is called a derived class or subclass. The parent class is called the- base class or

xupt>.rr!(ifix.

170. When an object that is a instance of derived class is instantiated, the constructor

for the base else* is invoked before the body of the constructor for the derived class

is invoked.

171. A class intended to be a base class usually should use protected instead of private

members,
172- When a derived class object is being created, first its base classes constructors are

called before its own constructor. The destructors ate called in the reverse order,

173. A constructor of a derived class muat pass the arguments required by its base class

constructor,

l74 r A derived class uses the member functions of the base class unless the derived class

provides a replacement function with the same name,

17o, A derived class vbject is converted to a base class object when used as an argument
to a base class member function.

176- Derived class constructors are responsible for initializing any data members added
to those inherited from the base class. The base class constructors are responsible

for initializing the inherited data members,
177. When passing an object as an argument to the function, we usually use a reference

or a pointer argument to enable function calls within the function to use virtual

member function.

178. Declare the destructor of a base class as a virtual function.

179. Destructors are called in reverse order from the constructor calls. Thus, the

destructor for a derived class is called before the destructor of the base or superclass.

180. With public inherits nce t the public members of the base class are public members
of the derived class, The private members of the base class arc net inherited and,

therefore, not accessible in the derived class.

161. With protected inheritance, public and protected members of the base class

become protected members of the derived class. The private members of the base

dass are not inherited,

162. With multiple inheritance, a derived class inherits the attributes and behaviors (if

all parent classes.

1 fiS. With private inheritance, public and protected members ofthe base class become
private members of the derived class. I'rivatB members are nut inherited.

184. If a derived class has a base class as a multiple ancestor (through multiple

inheritance), then declare the base class as virtual in the derived class definition

This would ensure the inheritance of just one object of the base class,

1 86- A pointer to a base class can be used to access a member of the derived class, as long

as- that class mamher is inherited from the base.
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£34. The member function eofof Ura determines if the end of the file indicator has been mi-

End-of-file is set after an attempted read fails.

235. To use C++ strings, we muwt include the header fila <string> of C++ standard

library.

236. C++ string's, not nuJ3 terminated,

237. Using STL containers can save considerable time and effort, and result in higher

quality programs.

2315. To use containers, we must include appropriate header files,

239. STL include-a a lar^e number of algorithms to perform curium .-iCandard Operations

on CDnlainHTH.

240. STL algorithms use iterators to perform manipulation operations on containers.

241. We may u&u CODSt-cuut operator to remove the t:onHtantneHS of objects.

242. We may use mutable specifier to the members of const member functions or const

objects eo make them modifiable,

243. We must restrict the use of runtime type information functions only with
polymorphic types.

244. When we suspect any side-effects in the constructors, we must use explicit

constructors.

245. We must provide parentheses to all arguments in macro functions.
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Glossary ofImportant C++ and
OOP Terms

ftindude

Abstract Class

Abstract Data

Abstraction

Access
Operations
Address

Alias

Anonymous
Union

ANSI C

ANSI C++

ArrHy

ASCII

AC* - preprocessor diret Uvc thai -
:i saiist kuL- Lc \1 (or ,: name.

A preprocessor directive that causes the named file to be inserted in

place of the tincludeu

A class that serves only as a base class from which classes are derived

No objects ofan abstract base class arc created. A base- class that contains

pure virtual functions is an abstract base class,

An abstraction that describes a set ofobjects in terms of an encapsulated

or bidden data and operations on that data.

The act of representing the essential features of something without

including much detail.

Operations which access the* state of a variable or object hut do not

modify it.

A value that identifies a storage location in memory.

Two or more variables that refer to I hi- sarin: dal a are- said to be aliases

of one another.

An unnamed union in C++-- The members can be need like ordinary

variables.

Any version of C that conforms to the specifications of the American
National Standards Institute Committee X3J.

Any version ofC++ that conforms to the specifications of tin- American

National Standards Institute At the time ofwrilinu; Lhis
?
the standards

exist only in draft form and a lot of details are still to t>e worked out.

A collection of data element* arranged to be indexed in one or more
dimensions. In C++, arrays are stored in contiguous memory.

American Standard Code for Information Interchange. A code to

represent characters.
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Assign mt'nl

Statement

Attribute

Automatic
Variable

Bus*' Class

Bit

Bit Field

Bit Flip

Bitmapped
Graphics

Bitwise Operator

An operation that stores a value in a variable.

A property of an object. It cannot exist independently of the object.

Attributes may take other ohjeeta as values.

See temporary' variable.

Block

Borland C++

Breakpoint

Byle

C

C++

Call by
Reference

Call by VaLu*

Cast

Class

Class
Hierarchy

A L'hiss from whir :! ol hvr r:n*ses :Lrc dirrivc-d. A derived ilns^ can in herd

members from a base dan.

Binary digit; either of the digits 0 or 1.

A H njuP °f contiguous bits taken together as a unit. This C++ language

feature allows the access of individual bita.

The inversion of all bits in an operand. See aleo complement.

Computer graphics where each pixel in the graphic output device is

controlled by a single bit or a group of bits

An operator that performs Boolean operations on two operands, treating

each bit in an operand as individual bits and performing the operation

bit by bit on corresponding bits*

A seciian ol' code enclosed in curly braces.

A version of the Ct+ language for personal computers developed by
Borland. This is the high-end version of rim-lands Tn rbo-( product

A Location in a program where normal execution is suspended and
control is turned over to the debugger.

A group of eight hu..s.

A general-purpose computer programming language developed in 1974

at ficll Laboratories by Dennis Ritchie, C is considered to be medium-
to high level language.

An object-oriented language developed by Bjarne Stroutstrup as a

>ULLi. sHor of C
A function call mechanism that paeises arguments to a function by
passing the addresses of the arguments.

A function cull mechanism Lhat passes arguments to a function by

passing a copy of the value of the arguments.

To convert a variable from one type to another type by explicitly.

A group of objects that share common urupcrtiea and relationships. In

C+++ a class is a new data type that contains member variables and

member 0 functions that operate on the variables. A Class La defined

with the keyword class.

Class hierarchy consists of a baHe clash and derived clangs. When a

derived class has a single base class, it is known as single inheritance.
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Class Network

Class Object

CLaNftLficatiOA

structure

Class-oriented

Client

Cnding

Comenen t

Comment Block

Computation

Compiler

Complement
Composition

Structure

Conditional

Compilation

Constructor

Container Class

Control
Statement

Can trill

Variables

When a derived class has more than one base class (multiple inheritance),

it ib known as class network,

A collection of classes, some of which are derived from others. A class

network \x a class hierarchy generalized to allow for multiple

inheritance. It is sometimes known as forest model oFela-s^ir.-.

A variable whose type is a class. An instance of a class.

A tree or network struct ure based on the semantic primitives ofincl usion

and membership which indicates that inheritance may implement

specialization or generalization. Objects may participate in more than

one such structure K giving rise to multiple inheritance.

Object -b:!-^ systems in which every instance belongs to a class, hut

classes may ny|. have super classes.

An object that uses the services ofanother object called server. That is,

clients con send messages to servers,

The act of writing a program in a computer language.

Text included in a computer program for the sole purpose of providing

information about the program. Comments are a programmer's notes

to himselfand future programmers. The text is ignored by the compiler.

A group of related comments that convey general information about a

program or a section of program,

Tin* translation of source code into machine code.

A system program tbat does compilation.

An arithmetic or logical operation. A logical complement is the same as

an invert or NOT operation.

A tree Htmctun- bawd on thi'sumimlLc primitive part of which indicates

that certain objects may be assembled from the collection ofother objects,

Objects may participate in more than one such structure.

The ability to selectively compile parts of a program based on the truth

of conditions tested in conditional directives that surround the code.

A special member function for automatically creating an instance of a

class. This function has the same name as the class.

A class that contains objects of other classes.

A statement that, determines which statement is to lie executed next

based on a conditional test.

A variable that iH systematically changed during the execution of the

loop. When the variable reaches a predetermined value, the loop is

terminated.
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Copy
Constructuor

Curly Braces

Data Flow
Diagram (DFDJ

Data Hiding

Data Member

Debugging

Decision

Statement

Declaration

Default

Ar£umen J

]Jr- referencing

Operator

Derived Class

Destructor

Di rective

Dynamic
Binding

Dynamic
Memory
Al local ion

Early Binding

Encapsulation

Enumerated
Data Type

Error State

The constructor that creates a new class object from an existing object

of the same class.

One of the characters \ or \. They are used in C-n- to delimit groups of

elements la Lrrat lIk jil as :l uni.1.

A diagram thul ci«pitrts the flow of data through a system and the

processes- that manipulate the data.

A property whereby the internal data structure of an object is hidden

from the rest of the program, The data can be accessed only by the

functions declared within the dasS fuf that object).

A variable that in declared in a class declaration.

The process of finding and removing errors from a program.

A statement that tests a condition created by a program and changes

the flow of the program based l»i thai decision.

A «purification of the type and name ofa variable to be used in a program.

An argument value that is specified in a function declaration and is

used ifthe corresponding actual argument is omitted when the function

is called.

The operator thai mdionles access to the value pointed to by a pointer

variable or an address Liit- {expression. Sec also indirection operator.

A v.I:va> ill at inherits some or all of its members from another class,

called base class.

A function that is called to deallocate memory of the objects of a class.

A command to the preprocessor (as opposed to a statement to produce

machine code).

The addreHyes of the functinnH are determined at run time rather than

compile time. This is also known as late binding.

The means by which data object can tie created as they are needed

during the program execution. Such data objects remain in existence

until they are explicitly destroyed. In C++, dynamic memory allocation

is accomplished with the operators new (for creating data objects) and

delete (for destroying them).

Jfep Static binding.

The mechanism by which the data and functions (manipulating this

data> are hound together within an object definition.

A data type consisting of a named set of values. The C++ compiler

assigns an integer to each member of the set.

For a stream, flags that determine whether an error has occurred and,,

if .so, give some indication of its severity.
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Heterogeneous
List

Homogeneous
List

I/O Manipulators

Implementation

Include File

Index

Indirect

Operator

Indirection
Operator

Information
Hiding

Inheritance!

Inheritance
Path

Initialization

List

Inline Function

Insertion

Operator

Instance

Instance
Variable

Instantiation

A list of class objects, which can belong to more than one class.

Processing heterogeneous lists is an important application of

polymorphism.

A list of class objects all of which belong to the same class.

Functions that when ^output* or "Input" causa no I/O, but set various

conversion flags or parameters.

The source code that embodies the realization of the design.

A file that is merged with source code by invocation of the preprocessor

directive ^include. Also called a header file.

A value, variable or expression that selects a particular element ofan
array.

Scf de-referencing operator.

The operator *, which is used to access a value referred toby a pointer,

The principle which states that the state and implementation of an
object or module should be private to that object or module and only

accesHible via its public interface. Kse* eri flips illation.

A relationship between classes such that the state and implementation

of an object or module should be private to that object or module and
only HcoHSJnibJe via its. public interface. See encapsulation.

A series of classes that provide a path along which inheritance can

take. For example, if class B is derived from A, class C is derived from

class B, and class D is derived from class C, then class D inherit from

class A via the inheritaniw pjanh ABCI3.

in the definition of a contractor, thu function heading can be followed

by a colon and a list of calls to other constructors. This initialization

list can contain calls to (11 constructors for base classes and (21

constructors for class members that are themselves class objects,

A functiun definition such that each call to the function is, in cflccL,

replaced by the statements that define the function.

The operator «, which m used to send Output data to the screen.

An instance of a class is an object whose type is the class in question.

A data member that is not designated as static. Each instance ofa class

contains a corresponding data object for each nonstatic data member of

the cla.sH. Because the data objects are associated with each instance of

the class, rather than with the class itself, we refer to them as instance

variables.

The creation of a data item representing a variable or a class (giving a

value to something.).
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This

Translation

Truncation

Turfro C++

Type Conversion

Typecast

Typedef Name

Union

Value

Variable

Variable Name
Virtual Base
Class

Virtual Function

Visibility

Void

Windows

This is a pointer to the current object. It is passed implicitly to an
overloaded operator function.

Creation ofa new program in an alternate language lugii'alty equivalent

to an existing program in a Bounce language.

An operation on a real number whereby any fractional part is discarded.

A version of the C++ language for personal computers developed by
Borland.

A conversion of a value from one type to another.

See cast.

A name given to a type via a type-name definition introduced by the

key-word typedef.

A data type that allows different data types to be assigned to the same

storage location.

A quantity assigned to a constant.

A name that refers to a value. The data represented by the variable

name can, at different limes during the execution ofa program, assume
different values.

The symbolic name given to a section ofmemory used to store a variable.

A base class that has been qualified as virtual in the inheritance

definition, in multiple inheritance, a derived class can inherit the

members ol a base cLhhh via two or mure inheritance paths. If the base

claa» i& not virtual, the derived class will inherit more than one copy of

the members: yf the base class. For a virtual base class, however, only

one copy of its members will be inherited regardless of the number of

inheritance paths between the base class and the derived class.

A function qualified by the Virtual keyword. When h virtual function

Li! called via a pointer, the cIjikh of tJ«- objecl pointed to determines

which function definition will be used. Virtual functions implement

polymorphism, whereby objects belonging to different classes can

respond to the same message in different ways.

The ability of one object to be a server to others.

A data type in C++. When used as a parameter in a function call, it

indicates (here is no return value. void+ indicates thai a generic pointer

value is- returned, When used in casts, it indicates that a given value is

to be discarded.

A graphical partition of screen for user interface.
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Appendix H
C++ Proficiency Test

FtortA

|True /False Questions

Suite whether the following statements are true or false

L A C++ program is identical to a C program with minor changes in coding

2. Bundling functions and data together is known as data hiding,

3. In C + + . a function contained within a class is called a member function.

4. Object modeling depicts the real -world entities more closely than do functions.

5. In using object-oriented languages like C++, we can define our own data types

.

6. When a C++ program ia executed, the function that appears first in the program is

executed first.

7. In a 32 -bit system, the data types float and long occupy the same number of bytes.

8. In an assignment statement such as int x - expression: the value of x is always equal

to the value ofthe expression on the right

,

9. In C++, declarations can appear almost anywhere in the body of a function

.

10, C++ does not permit mixing of variables of different data types in an arithmetic

expression.

11, The value ofthe expression 13fi4 is 3.

12, Assuming the value of variable x as 10, the output of the statement cout « x—; will

be 10,

13- Thf* expression ft>r(
; ; ) is the RH.mn hh h while loop with n test expresFiinn of true.

14. In C++, arithmetic operators have a lower precedence than relational operators.

15. In C++, only int type variables can be used as loop control variables in a for loop,

16. Ado loop is executed at least once.
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17. The && and
I I operatorscompare two boolean values,

] 8, The con trol variable of a for loop ca n be dec remented inside the for statement

19. The break statement is utiud to exit from all the nested loops.

20. The default case in requirwd in the switch setsqtion structure

.

21. The continue statement inside a for loop transfers the control to the top ofthe loop.

22. The goto statement cannot he used to transfer tin: control cut of a nested loop.

23. A conditional expression such as (x < y) ? x : yean be used anywow™ a value can be.

24 A structure and a class use similar syntax.

25, Memory space for a structure member is created when the structure is declared,

£0. If iteml and itemS are variables oftype structure Item, then the assignment operation

iteml = i tern?; is legal.

27. When calling a function^ if the arguments are passed by reference, the function works

with the actual variables in the calling program.

28. A structure variable cannot be passed as an argument to a function.

29. A C++ function can return multiple values to the calling function.

30. A function call ofa function that returns a value can be used in an expression like any

other variable.

3 1. We need not specify any return type for a function that does not return anything.

32. A set of functions with the same return type ore called overloaded functions.

33. Only when an argument has been initialized to zero value, it is called the default

argument.

34. A variable declared above all the functions in a program can be accessed only by the

main( ) function.

35. A static automatic variable retains its value even after exiting the function where it is

defined.

36. We ca n use a fu notion call on the left side of the equal signwhen the function returns

a value by reference-

37. Returning a reference to an automatic variable in a called function is a logic error.

38. Reference variables should be initialized when they are declared.

39. Using inline functions may reduce execution time, but may increase program size.

40. A C++ array can store values of different data types.

41. Referring to an element outside the array bounds j > l ;-. ntax error.

42. When an array name is passed to a function, the function access a copy of the array

passed by the program.

43. The extraction operator» stops reading a string when a space is encountered,

44. Objects ofthe string class can be copied with the assignment operator.

40. Strings created as objects of the string class are zero-terminated,

46. Pointers ofdifferent typesmay not be assigned to one another without a cast operation.

4T. Nut initializing a poi nter when it is declared is a syntax error.

48. Data members in a class must be declared private.

49. Data members of a clans cannot be initialized in the class definition
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598 • Object-Oriented Programming with C+ +

50. Members declared as private hi a class are accessible to all the member functions of

that class,

51 . In a class, we can not h ave more than one constructor w j th the same n . i n i *

52. A memkr function declared COO at cannot modify any of its class's number data.

r*A. In a class, members pre private by default.

54. In a structure, members are public by default,

55. A member variable defined as static is visible to all classes in the program.

56. Ail object declared as const can be used only with the member functions that are also

declared as const.

67. A member function can be declared static, if It dots nut access any non-static clasH

members,

58, A noo member Function may have access to the private dato of h class if it is declared

ass friend of that clans.

59. The precedence ofan operator can be changed by overloading it.

t50r Using the keyword operator, we can create new operators in C++.

6 1 . Wl- can convert, a user-defined class to a basic type by using a one-argument constructor.

62. We can always treat a base-class object as a derived-class object.

63. A derived class cannot directly access the private members of its base class,

64. In inheritance, the base-class constructors are called in the order in which inheritanc e

is specified in tra* derived class definition.

65. Inheritance is used to improve data hiding and encapaulation.

66. We can convert a base class pointer to u derived class pointer usine; a cast.

67. When deriving a clung from a base class with protected inheritance, publicmembers

of the base class became prote cted members of the derived class.

68. When deriving a class from a base class with public inheritance, protected members

ofthe base class become public members of the derived class.

69. A protected member of a base class cannot be accessed from a member function of the

derived class.

70. In case constructors are not specified in a derived class, the derived class will use the

constructors of the base class for constructing its objects.

71 . The scope resolution operator tells us what base class a class is derived from.

72. A derived class is often calleda subclass because n represents a subset of its base class.

73. It is permitted to make an object ofone class a member of another class.

74. Virtual functions permit us to use the same function call to execute member functions

of different classes-

75. A poi nter to a base class can point to an object of a derived class of that base class.

76. An abstract ( Ihhs is never used as a base class,

77. A pure virtu al function in a class will make the class abstract.

78. A derived class can never be made an abstract class.

79. A static function canbe Invoked using its class name and function name.

SO, The input and output stream features are provided as a part ofC++ language.

81 . A filH pointer always contain s the address of the file.
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82. Templates create different versions ofa function at runtime.

63. Template clangs v.h n work w Li.li d ifferent data types.

84. A template function cun hi! overloaded by another template function with the same

function name.

85. A function template can have more than one template argument.

86. Class templates can have only class-type as parameters.

87. A program cannot, continue to execute after an exception has occurred,

88. An exception is always caused by a syntax error.

89. After an exception is processed:, control will return to the first statement after the

throw.

90. An exception should be thrown only within a try block.

91. If n<i exceptions Fire thrown in a try block, I he t-ateh blocks for that try bloek are

skipped and the control goes to the first statement after the last catch block.

92. The statement throw ; rethrows an exception.

93 . Twh » t:«U-h ha n d I ers cannot have the same ty pe.

M. Exceptions are thrown from a throw statement to b catch hloek.

95- STL algorithms can work successfully with C-like arrays.

96. Algorithms can be added easily to the STL, without modifying the container classes.

Wl. Amap can store more than one element with the same key value.

98. A vector can store different types ofobjects.

99. In an associative container, the keys are stored in sorted order.

100. In a deque, data can be quickly inserted or deleted at either end,

10 L. Two functions cannothave the same name in ANSI C++.

102. The modulus operator(%) can be used only with integer operands.

103. Declarations can appear anywhere in the body ofa C++ function

,

104. All the bitwise operators have the aame level of precedence in Java.

105. If a = 10 and 6 = 15, then the statement x = (a > b) ? a : &; aligns the value 15 to x,

106. In evaluating a Logical expression of type boolean expression - 1 U boolean

express ion - 2 both the boolean expressions are not always evaluated.

107. In evaluating the expression(x=y&.& a<b) the booleanexpressions=y is evaluated

first and then u < b in evaluated.

106, The default case is required in the switch selection structure

.

109. The break statement is required in the default case of a switch selection structure.

110. The expression (x= y && « < b) is true if either x= y is true or a < b up tm&.

111. A variable declared inside the for loop control cannot be referenced outside the loop.

1 12. Objects are passed to a function by use ofcall-by-reference only,

1 13. We can overload functions with differences only in their return type.

114. 1 1 is an error to have a function with the same signature in both the super class and its

subclass.

115. Derived classes ofan abstract class that do not provide an implementation of a pure

virtual funetinn are also abstract.

'.Hi. Members cjfa class specified as private are accessible only to the functions ofthe class.
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602* Object-Oriented Programming with C* +

46 r ik a way to add features to existing classes w ithout rewriting them.

47. When the class B is inherited from the class A+ class A Lb colled the

class and class B is called the class.

46- The process, of inheriting features from many basic classes is known as

49. The members declared as or in the

base class may be accessed from a member function of the derived dawa.

50. In protected derivation,, public members of the baae class become

members of the derived class.

51. In a multipath Inheritance, the duplication ofinherited members from the grandpar-

ent class can be avoidedby declaring the grandparent class as

while declaring the intermediate base classes.

52. A class that is designed only to act as a base da&a but not used to create objects ig

known as class.

53. Inheritance represents relationship between classes a nd com-

position represents relationship between classes*

54. The operator is used to specify a particular class.

55. A function call resolved at run time lb referred to as binding.

56. When we use the same function name in both the base and derived classes dynamic

binding is achieved by declaring the base class function as ,

57. A function causes its class to be abstract.

5fr A virtual function can be made pure virtual function by placing

at the end" of ite prototype in the class definition.

59. The only integer that can be assigned to a pointer is . .

60, A pointer ia a variable for storing .

6L The content ofan int type pointer increases by bytes whenever

the increment operator is applied to it.

62. A pointer to can hold pointers to any data type.

G3>, Wh ile pa Rning a raiments to a function, passingthem by pointers allow the function to

the arguments in the calling function.

6-1. The busB class for most ofthe input and output stream classes is the

class.

65. Output operations are supported by the class

.

66. The class declares input functions such as getO and read0.

§7. When using manipulator functions to alter the output format parameters ofstreams,

we rnust indude the header file .

68. The default precision for printing floating point numbers is

digits.

69. The flag causes the display of trailing zeros.

70. To write data that conta ins va ri ahlen of type to a n object of type ofstream , we shoal d

use function.

7 1. The function writes a single character to the associated stream.
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72. To place the input pointer in a specified location in the file, we must use the

function.

73. Opening a file in ioe;;out mode also opens it in the mode by

default.

74. The rcadO and writoQ functions handle data in form.

75. Wo must Open the file uain^ option for performing both input

and output operations.

76. Command-line arguments arc accessed through arguments to .

77. A provides a convenient way to create a family of classes and

functions.

78b A function template definition begin with the keyword .

7&. A call instantiated from a class template is called a .

SO- All function* instantiated from a function template have the &&me name; therefore,

the compiler applies the concept of resolution to invoke the

required function.

BL A template argument is preceded by the keyword .

92. A template function works with data types.

53. An exception is typically caused by error.

54. Exception are thrown from a statement to a

block.

55. The code that is likely to produce an exception is enclosed in a

block.

86. The catch handler will catch all types of exceptions.

87, By default^ if no handler is found foran exception, the program ,

SS. The container deque is a type container,

S9, The three STL container adapters are stack, queue, and ,

90. The STL algorithms operate on container elements indirectly using .

91. A is an appropriate container ifwe are given an element's key

value and we went to quickly Hcce«R the ['orrespoodinpf valuo.

92. In h container, the date, can he quickly inserted or deleted at

either end.

93. In containers, keys are stored in sorted order,

94. For using function objects, we must include the header file .

95. For using the algorithm accumulate!!), wemust include the header file .

96. The operator is used to change the constantness of objects.

97. The operator returns a reference to a type-info object.

98. rJon standard Mixta between u n rels ted types m ay he acb ieved by uning the operator

99. The operator qualifies a member with its namespace.

100. The use of specifier to a data item permits us to modify it even

whern it in n member of a const object.
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E. To hide the details of buns classes

42, Consider the following class definition.

class Person

!

);

class Student : protected Person

What happens when we try to compile this class?

A. Will not compile because class body of jper*fon is not defined

B. Will not compile because the class body of Student is not defined

C. Will nut Compile because elatis Person m not public inherited

D. Will compile eueoessMly.

4:4. Cfjnairffir the following class definitions:

das* Maths

{

Student studentl;

);

class Student

{

String name:

\i

This code represents;

A. an 'is a' relationship

B. a 'has a' relationship

C. both

D. neither

44. Which of the following are overloading the function

int Sum(int x, int y) [ \

A. int sum(int x„ int y, int z) { }

B. float eum(int x, Lnt y) { }

C. int sum{float x, float y) { }

D. int Hum(int a, int b) { )

E. float aum(ihl. x, int y, float z)
( )

45. What is the error in the following code?

class Test

\

virtual void di splay ( );

I
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A. No emir

B, Function display! ) should be declared as static

C r Function displayQ should be defined

D. Test class should contain data members
46. Which of the following declarations an' illegal?

A. void *ptr;

B. char 'strl = "xyz";

C. char str2 = "abc";

D r const "hit pi;

E, int * const p2;

47. The function aho w(> Lb a member of the class A and abj is a object ofA and ptr is a

pointer to A. Which of the following are valid access statements?

A. abj.showO;

B. abj-+ehowO;

(X ptr—fahowO;

D. ptr.ahowO;

E. pLr*«ho*0'

F. CptrJ.sbowO;

48. Wo can make a class abstract by

A. Declaring' it abstract using the static keyword

B. Declaring it abstract using the virtual keyword

C- Making at least one member function aa virtual function

D. Making bit leant one member function hh pure virtual function

E, Making all rnfimbfir functions const-

49. ConHider the 'fnllnwingmdfl:

class A

{ public : virtual void sho*0 = 0- };

class 6 : publ 1c A

{ publ ic : void displayf}

j cout « "B-;
J };

class C : public A

{ publ ic : void s>how()

{ CDUt « "C
M

i } \i

VVhiiih n\ \h\> following statements are Mfc-gal?

A. Cell

B. Aal;

C Bbl;

D. A*arr[2J^

K. arr|OJ = &r.t;
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614* Object-Oriented Programming with C++

57. Which of the following- keywords are used Uj mn i™ I *<:<:esa to a class member?
A. default

B. break

C. protected

D. goto

E. public

58. Which [?f the fa] lowing keyword r were1 mldc'd by ANSI C++?

A, asm

B, explicit

C, enum
D. extern

E. typename
F. uerinj*

59. Which ofthe following statements are valid array declaration?

A. Lnt number(5);

B. float average [u|,

C. doub]e[6] marks;

D. counter int[5];

E. int x[5}, y[10];

60. What will be the content ofarray variable table after executing the foDowing code

for(1nt 1=De 1<3i 1**)

for(1nt J=0, j<3;

tf(J == 1) table[t][j] - 1;

else table[i][j] = H-
t

A, 0 0 0 B-100 C. 0 0 1 D, 100
000 110 010 010
0 0 0 111 100 001

61 . Which of the following methods belong the string claes?

A- length( }

B, compareTt>(

)

C, equalsf

}

D, Bubetring(

)

E, All of them

F, None ofthem
432. (liven thy cmie

string si - "yes";

string s2 = "yes"*

string s3 string s 3 f s 1 )

;

Which of the following would equate to true?

A. si — s2
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R il = s2

C. a3 = al

D. s 1 ,equals(s2)

E. s3.equals(sl)

63. Suppose that h 1 untl m2 are two Htrin^ri. Whic:h nf tht* staU-unenta tot expres&iorlB &T6

Ct.irreCL?

A. string eft = si 4 a2;

B. string e3 = el - b2;

Cr si <= b2

D. sl,cotnpareTo(&2);

Br rat m - al,length{ );

64, Given the code

W h i i:] l 1 1

1'

I } ut J i : l 1 1m i n% cm I In- a n >. v: l 1 1 1

L':'

A. s.trim(

)

B. fi.replacafa', "A1

)

D. s.toUpperCaee{

)

•So". Given the declarations

bool b>

s

int xl - 100, x2 = 200, x3 - 300;

Which of the following statements, pre evaluated to tru$?

A. b = xl * 2 = x2;

B b = xl 4 x2 != 3*xl;

C. b = (x3 - 2*x2 < 0) I I
«x3 = 400) < 2*x2);

D r b = (acS - 2*x2 > 0) | |
({x3 = 400) < 2*x2);

66. In which uf the fblkiwin|i code fragments, the variable x in evaluated ta 8.

A. int. x = 32;

x - x» 2;

B. int x = 33;

x x»2;
C. int x = 35;

x - x»2;
D. int x = 16;

x = x» 1:

67. Which ofthe following represent legal flow control statements?

A, break;

B. breatt);

C- pantinuH ciuter;
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75. Which of the following containers support the random access iterator?

A, priority-queue

B multimap

C. list

D. vector

E. rnultiaBt

76. Which ofthe following are non-mutating algorithms?

A. eeoreliQ

B, aecumulateQ

C. for_each()

D, TotateG

B- counfcO

77. Which ofthe following function* give the current size of a string object?

A- n~iax_siz*0

5. capacity

C. siKfO

D. findO

E. length

0

78. Consider the following code;

class Base

{

private t int i;

protected : tnt y;

}i

class Derived : Public Base

{

int a, hi

void change ()

{

a * x;

b ii

)

):

1nt mftlnO

I

Base base;

Derived derived;

fiatQ.y = Oj

derived** « 5;

deri¥ed.chiange();

}

Which of the lines in the above program will produce compilation errors?
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7. What is the advantage of using named constants instead ofliteral constants in a pro-

8, What is the difference between the followingtwo declarations?

Extern in', n'

int m 0;

9, How do the- following two compare?

(a) define {((x)>(y) ? (n) = (y))

(b) inline Int nu*(iflt x, Int y)

[ return 0>y) ? x : y; \

1 0, When the following code is executed, what will be the valuers of X and y?

int x=l, y=D
t

y = x++

1 L What are the values of rn and n after the following two statements are executed?

int uf5;

int n=m++ * ++fn;

12. Use type casts to the following statements to make the conversinn explicit and clear.

float x - 10 + intNumher;

int m - 10.0 * i ntflumtoer/ f 1 gatNumber

;

13. What are lvalues and rvalues?

14. What are newand delete?

15. What ia the differencebetween using new and mallocQ to allocate ra« mory?

16. In the following statements, state whether the functions funl and fun2 are value-

returning funetionfi or void functions.

(a) x = 10 ' funl fin, n) + 5;

(b) fun2{ffl,n) ; S

1 7. What is the difference between using the Following- statement^?

(a) cin ch:

(b) cin.get(ch)

;

IB. Write a single input statement that reads the following- three lines of input from the

screen.
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27. Given the statements

int >[5]:

int *f>
= y;

is the following statement legal?

P[3J - 10i

S8l How does a C-rtrin£ differs from a C++ type string?

29. Does an array of characters represent a character string?

30. What in ihe difference betwwm the following two statements?

const Int H = 100;

fdefine M 100

31. Given the statement

const Int size = 5;

can we declare an array as follows?

int x[size]:

32. A character array name is defined as follows:

char name [30] "Anil Kumar
-

;

what will be the values ofm and n in the following statements?

int m m sizeof {name)

;

int n 5trJen(name)

:

33. Write a function changcO to exchange to double values.

34. Write a function to sort a list ofdouble values using the function change ()

.

35. What will be the value of te at after the following code is executed?

int m 10, n -1, test = 1;

1f{m*i5)

if(n>l)

test - Zi

else

test = 3:
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42. Rewrite the following sequence of if... then statements using a single if then
else sequence,

iftnrtZ == 0)

cout « "m is even number \n";

if tm%2 I- 0)

{

«ut « Mm Is odd number \n H
;

cout « "m = « m « *\n";

}

43. Simplify the Following code segment, if possible.

if (value > 10t»

cout « "fa* = 10";

If (value < ?£)

cout «* "Jix " 0*;

if (value >= 25 fiS value « 100)

cout « "Tax &;

44. What does the following loop print out?

int m m
1;

while(m < 11)

{

cout « IW-+J

}

46, Write a code segment, using nested loops, to display the fal lowing output:

1 2 3 4 5

1 2 3

1 2

1

46. A program uses a function named convert^ in addition to its ma in function. The

function main declares a variable * within itn body and the function convert^} de-

clares two variables y and z within its body, z is made static. A fu urth variablem is

declared ahead of both the functions. State the visibility and lifetime of each of these

variables,

47, What is the uutp u I of the following program?

^include *i 05tream>
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using namespace stdj

void stat()

t

int m -

static int n = 0;

m++:

n++i

cout « m « " " « n « H \n H
;

)

1nt main{J

:

stat();

stat()

j

return 0;

)

4fcS. Replace if ... els* ladder by a awitch statement in the following code segment.

iftx == 5)

else if (s == 6)

else if(x — 9)

c++j

4<f. What is thp nutpuE nf the Foliowin r c.nde. JiBjjment?

int n * 0;

int i " 1;

do

{

cout ** i

;

i++:

)

*hile[i <- n)

50, What is the output of the following code segment?

int n - 0;

for(int i*l:t<-n;i++).

tout i

;

51 . Why is it i ruipprapriHttt to usa a float type variable a& a loop control variable?
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52. What is tha output of the following statement?

C0ut« M He \n said \n \" Hello \ " \n" ;

53. What ia the primary purpose ofC++ union types?

54. What are the two basic duTerenecis between a structure and an array?

55. Distinguish between a struct and a class in C++.

50. Name the three language features that characterize object-oriented programming lan-

guages.

57. What i s the difference between static and dynamic binding ofan operation toan object?

JvB. I low would you write a generic version ofmax function thatwould return the largest

of the two given values ofany data type?

59. Compare the relationship between classes in composition and inheritance,

60. Distinguish between virtual function* and pure virtue! funcittcma.

61, Distinguish between static typing and dynamic typing,

62. What is the application of reinterpret_cast operator?

63, What i g an abstract base class?

64, What is a pure virtual member function?

66, What is the application of public, protected , and private keywords?
66. Why do we declare Home data m embers of a r.l a&s br private?

67. Where and why do we need to use virtual functions?

6& What is dynamic binding? When do we use it?

68. What is a down cast?When do we use it?

70. Why dowe need to use constructors?

71. What is a copy constructor?What is its purpose?

72. What is a default constructor?

73. What is 'this ?

74. How are the overloaded operator functions useful in object-oriented design?

75. What is 'has a 1

relationship? How is this implemented?
76. What is 'is a 1

relationship? How is this implemented?
77. Will the follawi ng cade work correctly?

void fun(int m)

t

if code here

)

void fun fun signed char m]

\

// code here

:•

int ma I n (

)

funfX); '

return 0;

\
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IOC What is the use of the following code?

:lass student

(

Static fnt m * 0:

student ()

{

UT++;

}

mil
\i

101. Which of the following expreHHion.s Mre wnjntf?

(a) 11% 2

(b) -11 * 2

(c> 11 H -2

(d) -11 * -2

(6) 11.0 % 2 + Q

102. What will be the output of the fol Lowi program eepment.

{

int m = 1:

I

int n = 2;

cout « m « " " « n « endl

;

!

cout « m « " cc ti « endlt

}

103. What will be output of the following program?

f include <i&stream>

using name-space stdj

col test - false;

int mainO

I

bool test * true;,

cout « "test * « test «
cout « "test = " « ; ; test « H \n H

;

return Qj

)
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1 IB. What iswrong with the following code?

class A

(

protected: int x;

k
class B : public A

(

public;

void set (A a. Int y)

!

!;

119. What is the difference between a set and a map,
120, What ie the difference between the C header <strlng rh> and C++ header <string>?
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