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Chapter 1

Introduction, Classes and Data
Abstraction

e Basic characteristics of O-O languages

— Everything is an object.

— Object-orientation is a natural way of thinking about the world
and of writing computer programs.

— Objects are all around us—people, animals, plants, cars, planes,
buildings, computers, etc.

— Abstractions allow us to view screen images as objects such as
people, planes, trees, etc. rather than as individual dots of color.

— Abstractions allow us to think in terms of beaches rather than
grains of sand, houses rather than bricks.

— All objects have attributes such as size, shape, color, weight, etc.

— All objects exhibit various behaviors. A baby cries, sleeps, crawls,
walks; a car accelerates, brakes, turns, etc.

— Humans learn about objects by studying their attributes and ob-
serving their behaviors.

— Different objects can have many of the same attributes and exhibit
similar behaviors.

x Comparisons can be made between babies and adults, and
between humans and chimpanzees.

x Cars, trucks, little red wagons, and roller blades have much
in common.

15
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— Object-oriented programming (OOP) models real-world objects
with software counterparts.

x It takes advantage of class relationships where objects of a
certain class, such as a class of vehicles, have the same char-
acteristics.

x It takes advantage of inheritance relationships, and even mul-
tiple inheritance relationships, where newly created classes
are derived by inheriting characteristics of existing classes,
yet contain unique characteristics of their own.

— A program is a bunch of objects telling each other what to do, by
sending messages.

— Each object has its own memory, and is made up of other objects.
— Every object has a type (class).
— All objects of the same type can receive the same messages.
e Objects
— An object has an interface, determined by the class it’s an in-
stance of.
— A class is an abstract data type (or user-defined data type).
— Defining a class requires defining its interface.
— What about built-in types?

Think of an int
What’s its interface?

How do you ”send it messages”?

* % ¥ %

How do you make (construct) one?

e The interface is the critical part, but the details (implementation) are
important too

e Users use the interface (the "public part”), the implementation is hid-
den by "access control”.

e ( libraries have always been like this, sort of:

— The library designer invents a useful struct.
— Then she provides some useful functions for the struct.

— The user creates an instance of the struct, then applies library
functions to it.
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C++ uses "access specifiers”: public, protected, and private to
determine who can use the attribute or function.

Two Ways of Reusing Classes

— Composition: One class has another as a ”part”.

— Inheritance: One class is a specialized version of another

Polymorphism: Different subclasses respond to the same message,
possibly with different actions.

Creating and Destroying Objects
— We usually get this for free with built-in types like int or char, we
just say
* int i;
x char c;

— With user-defined types (the ones we make), we need to be explicit
about what we want:

* constructor function
* destructor function
% C++ has new and delete (similar to malloc and free in C)

« This is a very important issue! What is a memory leak?
e A compiler typically does

— preprocessing
— first pass to make parse tree

— second pass to generate code
e The result is an object module (.obj file).
e A linker produces an .exe file by

— Resolving references between compilation units (i.e., separate source

files)
— Adding code from libraries
— Adding special startup code
— Building the final executable file
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e In C++, variables and functions must be both declared and defined.
The rules:

— A declaration tells the compiler that you intend to use a vari-
able/function with a certain name.

— A variable declaration specifies the type (int, float, etc.) so the
compiler can check your usage.

— A variable declaration doesn’t allocate space for the variable.

— A function declaration specifies the function name, argument types,
and return type, so the compiler can check your usage.

— A function declaration doesn’t allocate space for the function code.

— A variable definition causes memory to be allocated to hold its
value. This can only be done (must be done) exactly once in the
entire program. Why?

— And so for functions.
e Libraries are collections of compiled function definitions.
— Library header files (.h files, or files with no extension) are collec-

tions of (uncompiled e.g., ASCII) function declarations.

— #includeing a header file is a fast and painless way of providing
the declarations the compiler insists on.

— The compiler is happy, since it has declarations from the .h file(s)

— The linker is happy, because there is exactly one definition of a
library function.

— The linker resolves references to variables/functions that are spread
across files.

e Survey of Programming Techniques (see Fig. [[])

— Unstructured programming.

Simple sequence of command statements.
Operates directly on global data.
Not good for large programs.

Repetitive statement segments are copied over.

OB CHEE S

The repetitive sequences extracted and named so that they
can be called and values returned leads to the idea of proce-
dures.
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program program

main program
. data
main program

data

[procedure ] [procedure)]  [procedure]

program program

main program
data

SN

module | module

data +datay data +data,

hmcmulc‘l
= data

procedure; I

proced m’c,l

Figure 1.1: Survey of Programming Techniques; unstructured, procedural,
modular, and object-oriented programming.

— Procedural programming.
*x Combines returning sequences of statements into one func-
tion.
x Procedure calls are used to invoke procedures.
*x Programs are now more structured.

* FErrors are easier to detect.

*

Combining procedures into modules is the next logical exten-
sion.

— Modular programming.
* Procedures with common functionality are grouped into mod-
ules.
*x Main program coordinates calls to procedures within modules.
x Each module has its own data and isolated for other modules.
— Object-oriented programming.
x Data and the functions that operate on that data are com-
bined into an object.
*x Programming is not function based but object based.

x Objects are base on three basic ideas: Encapsulation, Inheri-
tance and Polymorphism.
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1.1 History: The Rise and Decline of Struc-
tured Programming

For many years (roughly 1970 to 1990), structured programming was the most
common way to organize a program. This is characterized by a functional-
decomposition style - breaking the algorithms in to every smaller functions.
This technique was a great improvement over the ad hoc programming which
preceded it. However, as programs became larger, structured programming
was not able control the exponential increase in complexity.

1.1.1 The Problem - Complexity

Complexity measurements grow exponentially as the size of programs grow.
One measurement is coupling, or much different elements (modules, data
structures) interact with each other. The fewer the connections, the less
complex a program is. Low coupling is highly desirable.

There have been several post-structured programming attempts to control
complexity. One of these is to use software components - preconstructed
software “parts” to avoid programming. And when you have to program,
use object-oriented programming (OOP).

Bjarne Stroustrup of Bell Labs extended the C language to be capable of
Object-Oriented Programming (OOP), and it became popular in the 1990’s
as C++. There were several enhancements, but the central change was ex-
tending struct to allow it to contain functions and use inheritance. These
extended structs were later renamed classes. A C++ standard was estab-
lished in 1999, so there are variations in the exact dialect that is accepted by
pre-standard compilers.

1.2 Object-Oriented Programming (OOP)

Object-Oriented Programming groups related data and functions together
in a class, generally making data private and only some functions public.
Restricting access decreases coupling and increases cohesion. While it is not
a panacea, it has proven to be very effective in reducing the complexity in-
crease with large programs. For small programs may be difficult to see the
advantage of OOP over, eg, structured programming because there is little
complexity regardless of how it’s written. Many of the mechanics of OPP
are easy to demonstrate; it is somewhat harder to create small, convincing
examples.



1.2. OBJECT-ORIENTED PROGRAMMING (OOP) 21

OOP is often said to incorporate three techniques: inheritance, encapsula-
tion, and polymorphism. Of these, you should first devote yourself to choos-
ing the right classes (possibly difficult) and getting the encapsulation right
(fairly easy). Inheritance and polymorphism are not even present in many
programs, so you can ignore them at that start.

1.2.1 Encapsulation

Encapsulation is grouping data and functions together and keeping their
implementation details private. Greatly restricting access to functions and
data reduces coupling, which increases the ability to create large programs.
Classes also encourage coherence, which means that a given class does one
thing. By increasing coherence, a program becomes easier to understand,
more simply organized, and this better organization is reflected in a further
reduction in coupling.

1.2.2 Inheritance

Inheritance means that a new class can be defined in terms of an existing
class. There are three common terminologies for the new class: the derived
class, the child class, or the subclass. The original class is the base class, the
parent class, or the superclass. The new child class inherits all capabilities
of the parent class and adds its own fields and methods. Altho inheritance
is very important, especially in many libraries, is often not used in an appli-
cation.

1.2.3 Polymorphism

Polymorphism is the ability of different functions to be invoked with the
same name. There are two forms.

Static polymorphism is the common case of overriding a function by providing
additional definitions with different numbers or types of parameters. The
compiler matches the parameter list to the appropriate function.

Dynamic polymorphism is much different and relies on parent classes to define
wirtual functions which child classes may redefine. When this virtual member
function is called for an object of the parent class, the execution dynamically
chooses the appropriate function to call - the parent function if the object
really is the parent type, or the child function if the object really is the child
type. This explanation is too brief to be useful without an example, but that
will have to be written latter.
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1.2.4 Advantages of OOP

e Re-use of code. Linking of code to objects and explicit specification
of relations between objects allows related objects to share code. En-
capsulation and weak coupling between objects means class definitions
are more likely to be re-used in other applications. Objects as well
as procedures (focus of C libraries) become likely candidates for re-
use. The enforcement of a consistent interface to objects lessens code
duplication.

e Ease of comprehension. Structure of code and data structures in it
can be set up to closely mimic the generic application concepts and
processes. High-level code could make some sense even to a non-
programmer. The analysis/design/coding phases in development be-
come more seamless since they can all deal in the same concepts.

e Ease of fabrication and maintenance (redesign and extension) facili-
tated by encapsulation, data abstraction which allow for very clean
designs. When an object is going into disallowed states, only its meth-
ods need be investigated. This narrows down search for problems.

e C++ Objectives

— extend C to allow for object-oriented programming

— other improvements - some resulting in deprecation of some C
facilities

— remain compatible and comparable (syntax, performance, porta-
bility, design philosophy - don’t pay for what you don’t use, don’t
get stuck with things you don’t need) with C

— emphasize compile-time type checking

o C++ is multi-paradigm. It provides for the object-oriented approach
but doesn’t enforce its use. This makes it a good transition language
and gives it flexibility when a particular situation doesn’t fit the object-
oriented philosophy.

e With this object-oriented approach, C++ overcomes certain shortcom-
ings of C:

— Lack of encapsulation means that if an object is getting trashed,
it’s difficult to find the code responsible. Many procedures may
have had idiosyncratic interactions with the object.
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— Doesn’t recognize relationships between types. Pointer casting
necessary. In C++4, pointer casting can just about always be
dispensed with. Pointer casting is a kludge. Compiler can’t check
if you are doing it correctly. No type safety (see definition below).

— Not easy to extend existing libraries; for example, make it so
printf() can handle new types.

— Except for FILEs, there are no well-developed objects (like stacks
and lists) in the standard libraries.

e (’s future is as a portable "universal” assembler, a back end for code
generators.

e While any C++ compiler should be able to compile a C program suc-
cessfully with minor changes, several aspects of C programming are
discarded in the transition to C++: new facilities are supplied for 1/0,
memory allocation and error handling; macros and pointer casts be-
come obsolete for the most part.

1.2.5 OOP Terminology

Along with each programming revolution comes a new set of terminology.
There are some new OOP concepts, but many have a simple analog in pre-
OOP practice.
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OOP Term Definition

method Same as function, but the typical OO notation is used for the call,
ie, f(x,y) is written x.f(y) where x is an object of class that contains
this f method.

send a message | Call a function (method).

instantiate Allocate a class/struct object (ie, instance) with new.

class A struct with both data and functions.

object Memory allocated to a class/struct. Often allocated with new.

member A field or function is a member of a class if it’s defined in that class

constructor Function-like code that initializes new objects (structs) when they
instantiated (allocated with new).

destructor Function-like code that is called when an object is deleted to free
any resources (eg, memory) that is has pointers to.

inheritance Defining a class (child) in terms of another class (parent). All of the

public members of the public class are available in the child class.

polymorphism | Defining functions with the same name, but different parameters.

overload A function is overloaded if there is more than one definition. See
polymorphism.

override Redefine a function from a parent class in a child class.

subclass Same as child, derived, or inherited class.

superclass Same as parent or base class.

attribute Same as data member or member field.

1.2.6 Other Object-Oriented Languages
e Objective C

e CLOS (Common Lisp Object System)

Ada 9X

FORTRAN 90

Smalltalk

Modula-3

Eiffel

1.3 Structure Definitions

e Structures, Aggregate data types built using elements of other types
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struct Time{ //structure tag

int hour; //structure members
int minute; //structure members
int second; //structure members

};

e Structure member naming

— In same struct: must have unique names

— In different structs: can share name
e struct definition must end with semicolon
o Self-referential structure

— Structure member cannot be instance of enclosing struct

— Structure member can be pointer to instance of enclosing struct
(self-referential structure), Used for linked lists, queues, stacks and
trees

e struct definition

— Creates new data type used to declare variables
— Structure variables declared like variables of other types

— Examples:

Time timeObject;

Time timeArray[ 10 ];

Time *timePtr;

Time \&timeRef = timeObject;

1.4 Accessing Structure Members
e Member access operators

— Dot operator (.) for structure and class members

— Arrow operator (— >) for structure and class members via pointer
to object

— Print member hour of timeObject:
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cout << time(Object.hour;
OR

timePtr = &timeObject;
cout << timePtr->hour;}

— timePtr— >hour same as ( *timePtr ).hour

x Parentheses required, * lower precedence than .

1.5 Implementing a User-Defined Type Time
with a struct

e Default: structures passed by value
— Pass structure by reference; Avoid overhead of copying structure
e (C-style structures

— No interface; If implementation changes, all programs using that
struct must change accordingly

— Cannot print as unit; Must print/format member by member

— Cannot compare in entirety; Must compare member by member

1.6 Implementing a Time Abstract Data Type
with a class

e (lasses

— Model objects
« Attributes (data members)

* Behaviors (member functions)
— Defined using keyword class
— Member functions

x Methods

x Invoked in response to messages
e Member access specifiers

— public: Accessible wherever object of class in scope
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Figure 1.2: Creating a structure, setting its members and printing the struc-
ture (part 1 of 2).
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Figure 1.3: Creating a structure, setting its members and printing the struc-
ture (part 2 of 2).

— private: Accessible only to member functions of class

— protected:
e Constructor function

— Special member function

* Initializes data members

* Same name as class
— Called when object instantiated
— Several constructors; Function overloading

— No return type

class Time {

1
2
3 public:
4 Time(); // constructor
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5 void setTime( int, int, int ); // set hour, minute, second

6 void printUniversal(); // print universal-time format
7 void printStandard(); // print standard-time format
8

9 private:

10  int hour; // 0 - 23 (24-hour clock format)

11 int minute; // O - 59
12  int second; // 0 - 59
13

14 }; // end class Time

e Objects of class

— After class definition

* Class name new type specifier; C++ extensible language
x Object, array, pointer and reference declarations

— Example:

Time sunset;

Time arrayofTimes[ 5 ];
Time *pointerToTime;

Time \&dinnerTime = sunset;

e Member functions defined outside class

— Binary scope resolution operator (::)

x Ties member name to class name
x Uniquely identify functions of particular class

x Different classes can have member functions with same name

— Format for defining member functions

ReturnType ClassName::MemberFunctionName( ){

}
— Does not change whether function public or private

e Member functions defined inside class

— Do not need scope resolution operator, class name
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— Compiler attempts inline; Outside class, inline explicitly with
keyword inline

e Destructor

— Same name as class; Preceded with tilde (7)
— No arguments
— Cannot be overloaded

— Performs termination housekeeping
e Advantages of using classes

— Simplify programming
— Interfaces; Hide implementation
— Software reuse

« Composition (aggregation); Class objects included as mem-
bers of other classes

x Inheritance; New classes derived from old

1.7 Class Scope and Accessing Class Mem-
bers

e (Class scope

— Data members, member functions
— Within class scope

% Class members; Immediately accessible by all member func-
tions, Referenced by name

— Outside class scope

x Referenced through handles; Object name, reference to ob-
ject, pointer to object

e File scope
— Nonmember functions
e Function scope

— Variables declared in member function
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Figure 1.4: Time abstract data type implementation as a class, (part 1 of
3).
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Figure 1.5: Time abstract data type implementation as a class, (part 2 of

3).
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Figure 1.6: Time abstract data type implementation as a class, (part 3 of

3).

— Only known to function

— Variables with same name as class-scope variables

* Class-scope variable hidden; Access with scope resolution

operator (::)

ClassName: :classVariableName

— Variables only known to function they are defined in

— Variables are destroyed after function completion

Operators to access class members

— Identical to those for structs
— Dot member selection operator (.)

x Object
* Reference to object

— Arrow member selection operator (— >)



34CHAPTER 1. INTRODUCTION, CLASSES AND DATA ABSTRACTION

* pointers

1.8 Separating Interface from Implementation

(see Figs [L8HLIT)

e Separating interface from implementation

— Advantage; Easier to modify programs
— Disadvantage

x Header files
x Portions of implementation; Inline member functions
*x Hints about other implementation; private members

x Can hide more with proxy class
e Header files

— Class definitions and function prototypes
— Included in each file using class; #include

— File extension .h
e Source-code files

— Member function definitions
— Same base name; Convention

— Compiled and linked

1.9 Controlling Access to Members (see Fig.
T.12)

e Access modes

— private

* Default access mode

* Accessible to member functions and friends

— public
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Figure 1.7: Demonstrating the class member access
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Figure 1.8: Time class definition

x Accessible to any function in program with handle to class
object
« protected ; (discuss later)

e (lass member access

— Default private

— Explicitly set to private, public, protected
e struct member access

— Default public
— Explicitly set to private, public, protected

e Access to class’s private data

— Controlled with access functions (accessor methods)

x Get function; Read private data
x Set function; Modify private data
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Figure 1.9: Time class member-function definitions (part 1 of 2).
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Figure 1.10: Time class member-function definitions (part 2 of 2).
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Figure 1.11: Program to test class Time.

39
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003 Prentice Hall, Inc
Allrip his rserved

Figure 1.12: private members of a class are not accessible outside the class.
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1 Sl Fig. '6.9: . salesp.h || Outline
2 J// SalesPerson class definition. || —_—
< J/ Member functions defined in salesp.cpp. =

4 Hifndef SALESE H salesp.h (1 of 1)
5 fidefine SALESFE H

]

v class SalesPerson { G

= Set access function

5 e performs validity

10 SalesPerson{); checks.

11 void getSalesFromUser ()} ; // input sales from keyboard

12 wvoid setSales( int, double }; // set =aleg pr:i.v'ate utiliiy

13 void printAnnualSales(}; ’y.r(z: Fricrion.

14

15 private:

16 double totalBAnnualSales(); J/f utility funetion

17 double sales[ 12 1; /7 12 monthly sales figures

18

19 }; // end class SalesPerscn

20

21 Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.13: SalesPerson class definition

1.10 Access Functions and Utility Functions

Not all member functions need be made public to serve as part of the inter-
face of the class.

e Access functions

e public
— Read/display data
— Predicate functions

Check conditions

— Utility functions (helper functions)
e private

— Support operation of public member functions

— Not intended for direct client use

The program of Figs. demonstarates the notion of a utility function
(also called helper function).



42CHAPTER 1. INTRODUCTION, CLASSES AND DATA ABSTRACTION

// Fig. 6.10;: salesp.cpp outline

S/ Member functions for class SalesPerson.

#include <iostream>
salesp.cpp (1 of 3)

using std::cout;

using std::ein;

using std::endl;

using std::fixed;

LT SN R R

#include <iomanip>

.
e

12 using std::setprecision;

14 /J/ include SalesPerson class definition from salesp.h

15 #ineclude "salesp.h"

17 /f/ initialize elements of array sales to 0.0

18 galesPerson::SalesPerson()

19 |

20 Far! (ARl D R g A
21 sales[ i ] = 0.0;

22

23 Y // end SelesPerson constructor

© 2003 Prentice Hall, Inc.
All rights reserved.

25 // get 12 sales figures from the user at the keyboard #
26 wvoid SalesPerson::getSalesFromUser ()

27 1

28 double salesFigure; salesp.cpp (2 of 3)
29

30 Tor: {dntid = gl <= 1ay it 3|

3 cout << "Enter =ales amount for month " << 1 << ", #,;

3z oin »> salesFigure;

33 setSales{ 1, salesFigure );

34

35 Y [/ end for

36

37 1 // end function getSalesFromUser

38

38 // =et one of the 12 monthly sales figures; function subtracts
40 [/ one from month walue for proper subscra 'SﬁtaCQCSS function pﬂl‘f@l’ms
7 aout validity ehecks.

41 woid SalesPerson::setSale={ int mon

42 {

43 S/ test for walid month ‘and amount wvalues

44 if { menth >= 1 && month <= 12 && amount > 0 )

45 sales[ month - 1 ] = amount; // adjust for subsecripts 0-11
46

a7 else // invalid month or amount wvalue

48 cout << "Invalid month or sales figure" << endl;

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.14: SalesPerson class member-function definitions (part 1 of 2)
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43
49
50 1} // end function setBales
51
52 // print total annual sales (with help of utility function) SR!CSP‘CPP (3 ij)
53 woid SalesPerson::printAnnualSales()
54 |
55 cout << setprecisicon{ z )} << fixed
56 << "\nThe total annual szles are: §°
57 << totalaAnnualSales{) << endl; // call utility functieon
58
59 o B3 intAn 18al s o 3
¥ {fiEnd Tunotlon prlntinniel Seles private utility function to
60 5
. - . help function
61 [/ private utility function to total anmual sal RS S

62 double SalesPerson::totalAnnualSales () printAnnualsales;

6 | encapsulates logic of
64 double total = 0.0; // initialize total nanipulating

65

66 for {dint i = 0p; % < 12; i++ } /S summarize sales results

67 total += smales[ i 1;

68

69 return total;

70

71 1} // end function totalAnnualSales

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.15: SalesPerson class member-function definitions (part 2 of 2)
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i Jf Fig. 631z figlht 11.cpp outline
2 J/ Demonstrating a utility function. —
3 // Compile this program with salesp.cpp

4 figh6_11.cpp

5 [/ include SalesPerson class definition from salesp.h (I of 1)

[+ #include ®"sale=p.h®

T

& int main{() Simple sequence of member

g | function calls; logic

10 SalesPerson s; // create SalesPerson cbject eﬂcapsuhﬂcdin member

1 functions.

12 s.getSalesFromUsexr{); // note simple sequential coas; Oow

13 g.printAnnualfales={); // control structuresz in main

14

15 return 0;

16

17 1 // end main

Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

Enter

sales
sales
sales
sales
sales
sales
sales
sales
sales
sales
sales

sales

amount
amount
amount
amount
amount
amount
amount
amount
amount
amount
amount

amount

© 2003 Prentice Hall, Inc.
All rights reserved.

45
for month 1: 5314.76 c)
: utline
for month Z: 42%2.38 !
for month 3: 4589.83
i th 4: 5534.03 -
e figh6_11.cpp

for month 5: 4376.34
for month 6: 5698.45
for month 7: 4439.22
for month B8: 5893.57
for month %: 49%09.67
for month 10: 5123.45
for month 11: 4024.87
for month 12: 5923.9%2

output (1 of 1)

The total annual sales are: $60120.5%

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.16: Utility function demonstration
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1.11 Initializing Class Objects: Constructors

e Constructors

— Initialize data members; Or can set later
— Same name as class

— No return type
e Initializers
— Passed as arguments to constructor
— In parentheses to right of class name before semicolon

Class-type ObjectName( valuel,value2,...};

The programmer provides the constructor, which is then invoked each
time an object of that class is created (instantiated).

1.12 Using Default Arguments with Construc-
tors

e Constructors

— Can specify default arguments

— Default constructors

— Defaults all arguments

- OR

— Explicitly requires no arguments

— Can be invoked with no arguments
— Only one per class

The program of Figs. [LTHLZT enhances class Time to demonstrate how
arguments are implicitly passed to a constructor.
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1 L Fig. 518z timedin B
2 J/ Declaration of class Time.

3 S/ Member functions defined in timeZ.cpp.

4 time2.h (1 of 1)
5 J/ prevent multiple inclusions of header file

6 #ifndef TIMEZ H

7 Hdefine TIMEZ H

8

a ff Time abstract data type definition Default constructor specifying
10 class Time [ all arguments.

11

12 public:

13 Pime{ int = 0, int = 0, int = 0)}; [/ default constructor

14 void setTime( int, int, int ); // =et hour, minute, =econd

15 volid printUniversal (}; // print universal-time format
16 void printStandard(}; // print standard-time format

1T

18 private:

19 int hour; Jf 0 = 23 (24-hour clock format}

20 int minute; S/ 0 -.58

21 int second; Fifies e

22

23 }; // end class Time

24

25 fendif

© 2003 Prentice Hall, Inc.
All rightsreserved.

Figure 1.17: Time class containing a constructor with default arguments.
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USING DEFAULT ARGUMENTS WITH CONSTRUCTORS 47

/{ Fig. 6.13: time2.cpp outline ¥

S/ Member-function definition= for class Time.

#include <iostream>
time2.cpp (1 of 3)
usging std::cout;

#include <icmanip>

uging std::setfill;

using std::setw;

// include definition of class Time from timeZ.h
#include "time2 .h"

Constuctor calls setTime
S/ Time constructor initializes each data member t ; | tovalidate passﬁd (01' dCfﬂlﬂt)
[/ ensures all Time cbjects start-in a consi values.

Time::Time({ int hr, int min, int seec }
{

setTime{ hr, min, sec }; // validate and set time

} // end Time constructor

© 2003 Prentice Hall. Inc.
All rights reserved.

// set new Time value using universal time, perform validity ‘| 0ut|ine

S/ ehecks on the data values and set invalid wvalues to zero

void Time::setTime( int h, int m, int = }
{ time2.cpp (2 of 3)
hour = { h >> 0 && h < 24 ) ? h : 0;
minute = {(m>= 0 & m < 60 } 2 m = 0O;

gecond = { 8 >= 0 &k 58 < 60 ) ? B : 0O}
} // end funection setTime

// print Time in universal format
void Time::printUniversal ()
£
cout << setfill{ '0' } << setw{ 2 } << hour << ®:%
<< setw{ 2 )} << minute << ":"

<< setw{ 2 )} << second;

} [/ end function printUniversal

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.18: Time class member-function definitions including a constructor
that takes arguments. (part 1 of 2)
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// print Time in standard format Outline &
void Time::printStandard() 7] =
{ LV ]
cout €< { { hour == 0 || hour == 12 } % 12 : hour % 12 ) ti|n32_cpp (3 ofg)
<< ":" <= getfill{ '0C' ) << setw{ 2 ) << minute

<< ":® <= getw( 2 )} << second

ww [Uipeirael g ROANE 5 ROy

BEBN6GERER

} // end function printStandard

© 2003 Prentice Hall, Inc.
All rightsreserved.

Figure 1.19: Time class member-function definitions including a constructor
that takes arguments. (part 2 of 2)
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USING DEFAULT ARGUMENTS WITH CONSTRUCTORS

J/ Fig. 6.14: figle 14.cpp
S/ Demonstrating a default constructor for class Time.

Qutline

#include <iostream>

fig06_14.cpp
using std::cout; (l szj
uzing std::endl;
S/ include definition of class Time from timeZ.h
#include "time2.h®
int main(} T
{  Initialize Time
Time t1; Jf all arguments defaulted objects USing
Time £2{ 2 }; // minute and second defaulted default arg'ument's.

Time “&£3( 21, 34 }; S/ second defaulted
Time t4{ 12, 25; 42 }; // all values specified

Time t5{ 27, 74, W
Initialize Time object with

cout << "Constructed with:\n\n" inva]id valuc;s; \'al'[dity-
checking will set values to 0.

<< "a]ll default arguments:\n ";
tl.printUniversal{); // 00:00:00
cout << "\n ";

tl.printStandard() ; S 12:00:00 AM

© 2003 Prentice Hall. Inc.
All rights reserved.

cout << "\n\nhour specified; default minute and secend:\n 9;

Qutline
t2.printUniversal{); // 02:00:00 —

cout << "\n ";
t2.printStandard{); // 2:00:00 &M fighe_14.cpp
(20f2)

cout << ®"\n\nhour and minute specified; default second:\n @=;
t3.printUniversal{); // 21:34:00

cout =< ®"\n ®;

t3.print8tandard() ; Jf 9:34:00 PM

cout << ®"‘\mynhour, minute, and second specified:\n ";
té.printUniversal {}; // 12:25:42
cout << "\n ";

td4.printStandard(); Jf 12:25:42 PM

£5 constructed with invalid
arguments; values set to 0.

cout << "\n\nall invalid walues specified:
tS5.printUniver=sal{); // 00:00:00
cout << "\mn ";
t5.print8tandard() ; S/ 12:00:00 AM
cout << endl;

return 0;

} // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.20: Constructor with default arguments. (part 1 of 2)

uh
2

49
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54
Constructed with: || o ' %
utline

all default arguments: ||

FREAnRAn figD6_14.cpp

12:00:00 AM 2

output (1 of 1)

hour specified; default minute and second:

02:00:00

2:00:00 AM

hour and minute specified; default second:
21:34:00
9:34:00 PM

hour, minute, and zecond specified:
12:25:42
12:25:42 PM

all invalid values specified:

0:00:00
12:00:00 AM

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.21: Constructor with default arguments. (part 2 of 2)

1.13 Destructors

e Special member function
e Same name as class; Preceded with tilde (7)
e No arguments

No return value

Cannot be overloaded

Performs ”termination housekeeping”

— Before system reclaims object’s memory; Reuse memory for new
objects

No explicit destructor; Compiler creates "empty destructor”



1.14. WHEN CONSTRUCTORS AND DESTRUCTORS ARE CALLED 51

1.14 When Constructors and Destructors Are
Called

e Constructors and destructors; Called implicitly by compiler
e Order of function calls

— Depends on order of execution; When execution enters and exits
scope of objects

— Generally, destructor calls reverse order of constructor calls
e Order of constructor, destructor function calls

— Global scope objects

« Constructors; Before any other function (including main)
* Destructors
- When main terminates (or exit function called)

- Not called if program terminates with abort
— Automatic local objects

* Constructors
- When objects defined; Each time execution enters scope
* Destructors

- When objects leave scope; Execution exits block in which
object defined

- Not called if program ends with exit or abort
— static local objects

x Constructors

- Exactly once

- When execution reaches point where object defined
x Destructors

- When main terminates or exit function called

- Not called if program ends with abort
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The program of Figs. [L2ZHL2H demonstrates the order in which con-
structors and destructors are called for objects of class CreateAndDestroy of
various storage classes in several scopes.

i // Fig. 6.15: create.h outline EE
2 S/ Definition of class CreateAndDestroy. |. —
3 // Member functions defined in create.cpp. |

4  #ifndef CREATE H create.h (1 of 1)
5 #define CREATE H

6

7 elases CreateAndDestroy | Constructor and destructor

g / member functions.

] public:

10 CreateAndDestroy{ int, char * }: congtructor

11

~CreateAndDestroy () ; private members to show
12 order of constructor,
13 privete: destructor function calls.

14 int objectID;

15 char *message;

16

17 1; // end class CreateindDestroy
18

19 #endif

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.22: CreateAndDestroy class definition.
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1 /f Fig. 6.16: create.cpp outline &
2 S/ Member-function definition= for class CreateAndDestroy —
3 #include <iostream>
4 create.cpp (1 of 2)
5 using std::cout;
[ uzing std::endl;
T
: S/ include CreatefndDestroy class definition from create.h
9 #include "create.h”®
10
11 [/ constructor
12 CreateAndDestroy::CreateAndDestroy(
13 int objectNumber, char *messagePtr ) =
a1 Output message to
15 objectID = cbjectNumber; demonslratctiming of
16 message = messagePtr; c_dn_stmctor‘ﬁmction calls_.
17
18 cout << "Object " << objectID << * constructor runs "
19 << message << endl;
20
21 } // end CreateAndDestroy constructor
22
© 2003 Prentice Hall. Inc.
All rights reserved.
61

23 // destructor
24 CreateAndDestroy::~CreateAndDestroy ()

Qutline

25 | e S
o 7 : . Qutput message to
the followin Iine is for . . . 2 2
vl *H29 Jemonstrate timing of create.cpp (2 of 2)
27 cout << { objectID == cbject] : i
28 destructor function calls.
29 cout << "Object " << objectID << ® destructor runs L
30 << message << endl;
3|

32 } // end ~CreateAndbDestroy destructor

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.23: CreateAndDestroy class member-function definitions.
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i ff Fig. 6.37; figlt 17.cpp outline
2 J/ Demonstrating the order in which constructors and —
3 // destructors are called.

4  #include <iostream> tigh6_17.cpp

3 (1of3)

[+ using std::cout;

o using std::endl;

8

] [/ include CreateAndDestroy class definition from create.h

10 #include "create.n® -

11 Create variable with global

12 woid create{ woid ); /l pro Ype Scopé.

14 // global object
15 CreateAndDestroy first( 1, " (global before main)" };

16

17 int main () Create local automatic object. |

18 { -

19 cout << "\nMATN FUNC Create static local object. |

20

21 CreateAndDestroy seco: 2, "(local automatic in main)™ };

22

23 static CreateAndDestroy third(

24 3 "{local statie in main)¥ };

25
© 2003 Prentice Hall, Inc.
All rights reserved.

63

26 create(); // c¢all functien to create cbjects outline

27 —

28 cout << "\nMAIN TION: EIECUTION RESUMES® << endl;

29 Create local automatic fighb_17.cpp

30 CreateAndDestroy fourth{ ob_]ecm LEE (2 ng)

3t

32 gout << "\nMATN EIECUTION ENDS" << endl;

33 Create local automatic object.

34 return 0;

35

36 1 // end main

37

38 // function to create cbjectz

39 woid create( wvoid ) Create local automatic object

a0 | in function

M Create static local object

42 in function.

43 L [local sutometic 1n- create) ™ 1j

a4 - Create local automatic object

45 in function.

46 TEaLE] T:

47

48 CreateAndDestroy seventh (

49 7 %{local automatic in dreate)® };

50

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.24: Order in which constructors and destructors are called. (part 1
of 2)
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64

51 cout << "\nCREATE FUNCTION: EIECUTION ENDS\" << endl; outline
52 =
53 1 // end function create
figh6_17.cpp
(3of3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Object 1 constructor runs {global before main} o z
utline

MATN FUNCTION: EIECUTION BEGINS

Object 2 congtructer runs {local automatic in main} flg(}ﬁ_l?cpp

Object 3 constructor runs {logcal statiec in main) =
output (1 of 1)

CREATE FUNCTION: EIECUTION BEGINS

Object 5 constructor runs {(local automatic in create)
Object & constructor runs {local static in create}
Object 7 congtructor runs (local automatiec in create)

T ool mbabs s chiant avicto
CREATE FUNCTION: EIECUTION ENDS Global obiect constructed

1 1 ‘ i b B2 e
Object 7 destructor runs {local automatic in create} ™ 5 2

. e - Local static object

Object 5 destructor runs ({local automatic in create)

constructed on first function
MAIN FUNCTION: EIECUTION RESUMES call and destroyed after main

Object 4 constructor runs {local automatie in main) execution ends

MATN FUNCTION: EIECUTION ENDS

Object 4 destructor runs (local automatie in main)
Object 2 destructer runs {local automatic in main)
Object & destructor runs {lecal statiec in create
Object 3 destructor runs {local static in main}
Object 1 destructor runs {global before main)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.25: Order in which constructors and destructors are called. (part 2
of 2)
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1.15 Using Set and Get Functions

A class’s private data members can be accessed only by member functions
(and friends) of the class. Classes often provide public member functions
to allow clients of the class to set (i.e., write) or get (,.e., read) the values
of private data members. These functions need not be called set and get
specifically, but they often are.

e Set functions

— Perform validity checks before modifying private data
— Notify if invalid values

— Indicate with return values
o Get functions

— 7Query” functions

— Control format of data returned

The program of Figs. [L2BHT.30 enhances class Time to include set and get
functions for the private data members hour, minute, and second.
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1 S/ Fig. 6.18: time3.h

2 S/ Declaration of clas= Time.

3 /{ Member functicons defined in time3.cpp

4

5 // prevent multiple inclusicns of header file

i} Hifndef TIME3Z H

v #define TIMEZ H

8

9 class Time {

10

11 publiec:

12 Time{ int = 0, int = 0, dint = 0 }; // default constructor
13

14 // set functions

15 void getTime{ int, int, int }; // set hour, minute."second
16 void setHour{ int }; [ =set hour

17 void setMinute{ int }; // set minute

18 void setSecond{ int }; // =et =second

19

20 [/ get functions

21 int getHeour(); [/ return hour

22 int getMinute(}; /i return minute

23 int getSecend(); // return second

24

25 void printUniversal(}; // ocutput universal-time format

void printStandard() ;

26
27
28 private:
29 int hour;

30 int minute;

31 int second;

a3z

33 1; // end clas Time
34

35 #endif

i

e
o
e

cutput standard-time format

0 - 23 (24-hour clock format)
g S
B =B

67
Qutline

time3.h (1 of 2)

Get functions.

© 2003 Prentice Hall. Inc.
All rights reserved.

68

Qutline

time3.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.26: Time class definition with set and get functions.

o7
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i J/ Fig. 6.19: time3.cpp outline o
2 S/ Member-function definitions for Time class. —
3 #inelude <iostream>
4 time3.cpp (1 of 4)
5 using std::cout;
6
T #include <icmanip>
8
] usging std::setfill;
10 wusing std::setw;
11
12, /J/ include definition of class Time from time3.h
13 #include "timed . h"
14
15 [/ constructor function to initialize private data;
16 [/ ecalls member function setTime to set wvariables;
17 // default wvalues are 0 (see class definiticn]
18 Time::Time{ int hr, int min, int sec }
19 |
20 zetTime{ hr, min, =sec );
21
22 1 // end Time constructor
23
© 2003 Prentice Hall, Inc.
All rights reserved.
T0
24 // set hour, minute and second wvalues outline
25 wvoid Time::setTime( int h, int m, int s } =
26 |
27 setHour( h ); time3.cpp (2 of 4)
28 setMinute{ m ); “\
:2 mRESecnE L D ' Call set functions to perform
31 Y} // end function setTime valldlty ChGCkmg"
32
33 /J/ set hour walue
34 woid Time::setHour { int h )
35 {
36 hour = ( h >= 0 & h < 24 ) 7_h : 0;
37
38 1} // end function setHour _
39 " Set functions perform validity
40 [/ set minute value checks befommodlfymg data.
41 woid Time::setMinute({ int m )
42
43 minute = {m>= 0 && m < 60 } ? m : 0;
44
45 1 // end function setMinute
46

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 1.27: Time class member-function definitions,including set and get
functions. (part 1 of 2)
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USING SET AND GET FUNCTIONS 29

/{ set second value Setluncion pet‘forms Valldll}' Outline "

void Time::setSecond( int = ) checks before delfyll"lg data. ‘
{

second = ( 8 >= 0 & & < 60 } ? 8 : 0O; time3.cpp (3 of 4)
} // end function setSecond

S/ return hour wvalue
int Time::getHour{)
£

return hour;

} // end function getHour Get functions allow client to
read data.

Sf return minute walue
int Time::getMinute()}
{

return minute;

} // end function getMinute

© 2003 Prentice Hall. Inc.
All rights reserved.

// return seceond value outline "

int Time::getSecond() ‘
|

{
return second; ‘\ time3.cpp (4 of 4)
Get function allows client to

} // end function getSecond

read data.

S/ print Time in univer=al format
void Time::printUnivereal {)
£
cout << metfill{ '0' } << metw( 2 } << hour << ":"
<< setw({ 2 } << minute =< ":°

<< getw( 2 )} << mecond;
1 // end funetion printUniversal
S/ print Time in standard format

void Time::print8tandard(})
{

cout << { { hour == 0 || hour == 12 } ? 12 : hour % 12 }
<< ":" << getfill( '0' ) << setw( 2 ) << minute
<< ":7 << metw( 2 } << second

<< { hour < 127 * AM" ; " PM" };

} // end funetion printStandard

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.28: Time class member-function definitions,including set and get
functions. (part 2 of 2)
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31
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34
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37
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38

F.o
42

E&

J/ Fig. 6.20: figl06 20.cpp outline
J/ Demonstrating the Time class set and get functions —
#include <iostream>

fig06b_20.cpp
uging std::eout; (1of3)

using std::endl;

J/ ineclude definition of class Time from time3.h

#include "time3.h®

void incrementMinutes( Time &, const int }; // prototype

int main{) - Invoke set functions to set
{ valid values.

Time t; [/ oreate Ti object

S/ set time using individual set functions

t.setHour{ 17 ); [/ =et hour to walid wvalue
t.setMinute{ 34 }; J/ set minute to walid wvalue
t.setSecond({ 25 ); [/ set second to wvalid wvalue
© 2003 Prentice Hall, Inc.
All rights reserved.
// use get functions to cbtain hour, minute and second outline
cout << "Result of setting all walid wvalues:\n" m =

<< " Jour: " << t.getHour (}

Attempt to set invalid values
using set functions. PP

= =7

<< " Minute: " << ‘t.getMinute()

<< " Zecond: " << t.getSecond();

[/ =et time using individual set functions

t.getHour {234 ); [/ invalid hour set to 0
t.setMinute{ 43 ); // =et minute to wvalid wvalue
t.setfecond( 6373 ); // inwvalid second set to 0

Invalid values result in setting
data members to 0.

J/ display hour, minute and second aft
J/ invalid hour and second walues
cout << "\n\nResult of attempting to set inwvalid hour and"

‘Modity data members using
function setTime.

<< " gecond:\n Hour: " << t.getHour(}

<< " Minute: " << t.getMinutef()

<< " Second: " << t.getSecond()}

t.setTime{ 11, 58, 0 }; J/ set time

inerementMinutes{ t, 3 }); // increment t's minute by 3

return 0;

1 // end main

© 2003 Prentice Hall, Inc.
All rights reserved.

73

74

Figure 1.29: Set and get functions manipulating an object’s private data.
(part 1 of 2)
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47 // add specified number of minutes to a Time cbject outline
48 wvoid inerementMinutes( Time &tt, const int count ) —
48 |

50 cout << "Incrementing minute " << count fie 20.con

51 << " times:\nStart time: "; USiﬂg gCl functions to read

= A g e L data and set functions to

2 modify data.

54 for ( int i = 0; 1 < count; i++ ) { -

55 tt.setMinute{ { tt.getMinute() + 1 } % &

56

57 if ( tt.getMinute() == 0 )}

58 tt.setHour{ { tt.getHour{) + 1 } % 24);

59

60 cout << "\nminute + 1: ";

61 tt.printStandard{} ;

62

63 ¥ // end for

&4

65 cout << endl;

66

67 1} // end funetion incrementMinutes

© 2003 Prentice Hall. Inc.
All rights reserved.

Result of setting all wvalid wvalues: outline

Hour: 17 Minute: 34 BSecond: 25

Result of attempting to set invalid hour and second: hg% '7OCPP

H : 0 Minute: 43 8 d: 0
OuE nute seen output (1 of 1)

Incrementing minute 3 times:

Start time: 11:58:00 AM e A
minute + 1: 11:59:00 AM SRS df

minute + 1: 12:00:00 EM men)hcrs wirh el d yetoes
e results in error message and
members set to 0.

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.30: Set and get functions manipulating an object’s private data.
(part 2 of 2)
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1.16 Default Memberwise Assignment

The assignment operator (=) can be used to assign an object to another
object of the same type.

e Assigning objects

— Assignment operator (=)
— Can assign one object to another of same type
— Default: memberwise assignment

— Each right member assigned individually to left member
e Passing, returning objects

— Objects passed as function arguments
— Objects returned from functions
— Default: pass-by-value

x Copy of object passed, returned
- Copy constructor; Copy original values into new object

Member wise assignment can cause serious problems when used with a class
whose data members contain pointers to dynamically allocated storage.
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Lo R - T I B =

okl
= O

24
25

gBYR

31
32
33
34
35
36
ar
38
39

a1
42

DEFAULT MEMBERWISE ASSIGNMENT

Jf Fig. 6.24: figl6 24.cpp
S/ Demonstrating that claszs objects can be assigned
/{ to each other using default memberwise assignment.

#include <iostream>

uzing std::cout;

using std::endl;

[/ class Date definiticn

class Date |

public:
Date{ int = 1, int = 1, int = 1980 }; // default constructor

wvoid print({};

private:
int month;
int day;

int year;

}; // end class Date

// Date constructer with no range checking
Date::Date{ int m, int d, int ¥ )
{

menth = m;

day = d;

year = ¥;

} // end Date constructor

// print Date in the format mm-dd-yyyy
void Date::print ()
{

cout << month << *-! << day << °"-' << year;
} // end function print

int main(}
{
Date datel{ 7, 4, 2002 };
Date date2; [/ date2 defaults to 1/1/13%20

Qutline

fig06_24.cpp
(lof3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

fig06_24.cpp
(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.31: Default memberwise assignment. (part 1 of 2)
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86
a4 cout << "datel = 7; |‘ Outline
45 datel .print {J i F: | ==
i e Default memberwise V]
a7 datez.print{); assignment assigns each fig06_24.cpp
a8 member of datel A of?j
49 dated = datel; // default med individually to each member
50 of date2. -

. figh6_24.cpp

51 ecout =< "\n\nAfter default memberwise assignment, date2 = ¥;

; output (1 of 1)
52 date2.print();
53 cout << endl;
54
55 return 0;
56
& // end main
datel = 7-4-2002
dated = 1-1-1990
After default memberwise assignment, date2 = 7-4-2002

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1.32: Default memberwise assignment. (part 2 of 2)

1.17 Software Reusability

e (lass libraries

Well-defined
Carefully tested
Well-documented
Portable

Widely available

e Speeds development of powerful, high-quality software

Rapid applications development (RAD)

e Resulting problems

Cataloging schemes
Licensing schemes

Protection mechanisms
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Classes Part 11

2.1 const (Constant) Objects and const Mem-
ber Functions

Some objects need to be modifiable and some do not. The programmer may
use keyword const to specify that an object is not modifiable and that any
attempt to modify the object should result in a compiler error.

e Principle of least privilege; Only allow modification of necessary objects
e Keyword const

— Specify object not modifiable
— Compiler error if attempt to modify const object
— Example

« const Time noon( 12, 0, 0 );
* Declares const object noon of class Time

* Initializes to 12
e const member functions

— Member functions for const objects must also be const; Cannot
modify object
— Specify const in both prototype and definition

x Prototype; After parameter list
x Definition; Before beginning left brace

e Constructors and destructors

65
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— Cannot be const

— Must be able to modify objects

x Constructor; Initializes objects

x Destructor; Performs termination housekeeping

The program of Figs. EETHZ A modifies class Time by making its get functions
and printUniversal function const.

e Member initializer syntax

— Initializing with member initializer syntax

x Can be used for; All data members
* Must be used for
- const data members

- Data members that are references

Figs. introduces using member initializer syntaz. Figs. illus-
trates the compiler errors for a program that attempts to initialize const
data member increment with an assignment statement in the Increment
constructor’s body rather than with a member initializer.
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2.2 Composition: Objects as Members of Classes

An AlarmClock object needs to know when it is supposed to sound its
alarm, so why not include a Time object as a member of the AlarmClock
class? Such a capability is called composition.

e Composition; Class has objects of other classes as members
e Construction of objects; Member objects constructed in order declared

— Not in order of constructor’s member initializer list

— Constructed before enclosing class objects (host objects)
The program of Figs. uses class Date and class Employee to
demonstrate objects as members of other objects. The colon (:) in the header
separates the member initializers from the parameter list. In Fig. ZT4l when
each of the Employee’s Date member object’s initialized in the Employee
constructor’s member initializer list, the default copy constructor for class

Date is called. This constructor is defined implicitly by the compiler and
does not contain any output statements.

2.3 friend Functions and friend Classes
e friend function

— Defined outside class’s scope

— Right to access non-public members
e Declaring friends

— Function; Precede function prototype with keyword friend

— All member functions of class ClassTwo as friends of class Clas-
sOne

x Place declaration of form; friend class ClassTwo;
x in ClassOne definition

e Properties of friendship

— Friendship granted, not taken

*x Class B friend of class A; Class A must explicitly declare
class B friend
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1 // Fig. 7.1: time5.h Outline
2 S/ Definition of class Time. —
3 // Member functions defined in timeS.cpp.
4  #ifndef TIMES H timeS.h (1 of 2)
5  #define TIMES U
6
7 class Time {
8
] public:
10 Time{ int = 0, int = 0, int = 0 }; [/ default constructor
11
12 J/ =set functions
13 void getTime( int, int, int }; // =et time
14 void setHour{ int ); set hour ;
15 void setMinute( int'],- ii set minute | Declare c:onstgctfunctlons.
16 void set8econd( int ); /! =et second
17
18 [/ get functions [normally declared const)
19 int getHeour () const; [/ Teturn hour
20 int getMinute() censt; J// return minute Declare cons t function
21 int getSecond() const; // return second printUniversal.
22
23 J/ print funetions {nermally declared const)
24 void printUniversal () const; /! print universal time
25 void printStandard(); J/ print standard time
© 2003 Prentice Hall, Inc.
All rights reserved.
- Outline
27 private: —
28 int hour; J/ 0 - 23 {24-hour clock format)
29 int minute; // 0 - 59 timeS.h (2 of 2)
30 int secend; // 0 - 58§
3t
32 1; // end class Time
a3
34 Hendif

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.1: Time class definition with const member functions.
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Lo R - T I B =

okl
= O

24
25

BBYB

31
32
33
34
35
36
37
38
39

SHEBRES

S/ Fig. 7.2: time5.cpp
S/ Member-function definition= for class Time.

#include <iostream>

usging std::cout;

#include <icmanip>

uging std::setfill;

using std::setw;

/{ include definition of class Time from time5.h

#include "timeS.h"

S/ constructor function to initialize private data;
[/ ecalls member function setTime to set wvariables;
S/ default wvalues sre 0 (see class definiticn)
Time::Time{ int hour, int minute, int second )

{

setTime{ hour, minute, second );

} // end Time censtructer

/{ set hour, minute and second wvalues
void Time::setTime( int heour, int minute, int sececnd )
{

setHour { hour );

setMinute( minute );

setSecond( second };

} // end function setTime

// set hour walue
void Time::setHour{ int h )
{
hour = ( h > 0 & h < 24 )} 2 h : 0}

} // end function setHour

S/ et minute wvalue

void Time::setMinute{ int m }
{

minute = {m>=0 B&E m < 50 } ? m : 0O;

} // end function setMinute

69

Qutline

timeS.cpp (1 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

timeS.cpp (2 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.2: Time class member-function definitions, including const mem-
ber functions. (part 1 of 2)
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// set second wvalue outline *

void Time::setSecond( int =& )

{

second = ( 8 >= 0 &k & < 60 } 7 8 : 0; timeS.cpp (3 of 4)

} // end function setSecond

J/ return hour wvalue
int Time::getHour{) const
{

return heour;

cons t functions do not
} // end function getHour medlfy objﬁcls.

S/ return minute walue
int Time::getMinute{) const
{

return minute;

} // end functien getMinute

© 2003 Prentice Hall, Inc.
All rights reserved.

// return second wvalue 0ut|ine
int Time::getSecond() const =
{

return second; timeS.cpp (4 of 4)

} // end function getSecond const functions do not

modify objects.
J/ print Time in universal format
wvoid Time::printUniversal{) const
{
cout << getfill({ "0+ ) << setw( 2 ) << hour << ":"

<< setw( 2 )} << minute << ®:*

<< getw( 2 ) << zecond;
1 // end funetien printUniversal
S/ print Time in standard format

void Time::printStandard() // note lack of const declaration

{

cout << { { heur == 0 || heur == 12 ) ? 12 : hour % 12 )
<< "M << ogetfill{ '0' ) << setw( 2 ) << minute
<< .7 << setw( 2 ) << second

<< { hour < 129 " AM" : " PM" };

1 // end funetion printStandard

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.3: Time class member-function definitions, including const mem-
ber functions. (part 2 of 2)
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Qutline

fig07_03.cpp
(lof2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

fig07_03.cpp
(20f2)

fig07_03.cpp
output (1 of 1)

1 A e O A O 5 i I AR )
2 S/ Attempting to access a const object with
3 /{ non-const member functicns.
4
5 // include Time class definition from time5.h
6 #include "timeS5.h"
v
e A Dc'clare noon a const
9 1 object.
10 Time wakeUp{ &, 45, 0 }; non-constant cbject
11 const Time on{ 12, 0, 0 ); // constant cbject
12 @\
Note that non-const
constructor can initialize
const object.
i3 /i OBJECT MEMEER FUNCTION
14 wakeUp.setHour{ 18 }; // non-const non-const
15
16 noon.setHour ( 12 ) ; [/ const nen-const
17
18 wakeUp.getHour () ; const
19 Attempting to invoke non-
20 noon.getMinute () ; // const o1} const member function on
21 noon.printUniversal{); // const cor conat Qb]ac‘t results in
22 compiler error,
23 noon.print8tandardl() ; = TTITET
24
2: EERERE: Attempting to invoke non-
o7 Ty e e cons t member function on

d:\cpphtpd_examples‘\ch07\£ig07 01%fig07_01.
'this' poin

"setHour'
to

: cannot convert
'class Time &°

Conversion loses gualifiers
d:\cpphtpd_exampleshch07%£ig07_ 01%fig07_01.cpp (23}
: cannot convert

'printEtandard’

Time' to 'class Time &'

cons t object results in
compiler error even if

" function does not modify
object.

i error C26E2:
'this' pointer from 'const class

Conversion loses gualifiers

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.4: const objects and const member functions.
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J/ Fig. T.4: figh7 04.cpp

S/ Using a member initializer to initialize a
// constant of a built-in data type.

#include <iostream>

using std::cout;

using std::endl;

clase Increment {

public:

Increment{ int ¢ = 0, int i = 1

wvoid addIncrement ()
{

count += increment;

} // end function addIncrement

veid print () const;

private:
int count;

const int inerement;

// const data member

CHAPTER 2. CLASSES PART 11

QOutline

figO7_O4.cpp
(1 of3)

}i

J/ default constructor

// prints count and increment

© 2003 Prentice Hall, Inc.
All rights reserved.

QOutline

figO7_O4.cpp

1; // end class Inc

Member initializer list

|1crc-;me-m as const (2 0f 3)

separated

: count{ e },

T e

increment i )
J/ empty body
1} // end Increment constructor

// print count and increment w
void Tnerement::print() const
{

cout << "count = " << count
<< ", incdrement =

1} // end functien print

t::IncIem‘g)Jm/bg
_initi

Member initializer syntax can

mg

/ requiremd]

Member initializer syntax
must be used for const data
member increment.

Member initializer consists of
data member name
(increment) followed by
parentheses containing initial
value (c).

" << increment << endl;

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.5: Member initializer used to initialize a constant of a built-in data

type.

(part 1 of 2)
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45 int main ()

Before incrementing: count = 10, increment

After increment 1: count
After increment 2: count
After increment 3: count

(T

15, increment
20, increment
25, increment

weonou

a6 1

47 Increment value{ 10, 5 );

48

49 golt << "Hefore incrementing: ®;
50 value.print () ;

51

52 For {Antoge= 0 g 3 gk 3
53 wvalue.addIncrement (] ;

54 cout. << "After increment " << J + 1 =< ®;
55 wvalue.print () ;

56 }

57

58 return 0;

59

60 1 // end main

H
i

Qutline

figh7_0d.cpp
(30f3)

figD7_0d.cpp
output (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

73

Figure 2.6: Member initializer used to initialize a constant of a built-in data

type. (part 2 of 2)
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CHAPTER 2.

S/ Attempting to initialize a constant of

J/ a built-in data type with an assignment.

#include <iostream>

using std::cout;

using std::endl;

clase Increment {

public:

Increment{ int ¢ = 0, int i =

wvoid addIncrement ()
{
count += increment;

} // end function addIncrement

veid print () const;

private:
int count;

const int inerement;

[/ constructor

Increment::Increment ( int o,

count = o; allowed bec

increment = i;

} // end Increment constructor

}i

J/ default constructor

// prints count and increment

// const data member

1; // end class Incremen‘t\

- Declare increment as const

data memher

1 Attempting to modify cons t

data member increment
results in error.

J/ ERROR: Cannot modify a const object

S/ print count and increment wvalues

void Increment::print () const
{

cout << "count = " << count
<< ", dno¥ement =

1 // end funetion print

" << inerement << endl;

CLASSES PART 11

18

QOutline

figO7_05.cpp
(1 of3)

© 2003 Prentice Hall, Inc.
All rights reserved.

QOutline

figO7_05.cpp
(2 0f3)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.7: Erroneous attempt to initialize a constant of a built-in data type
by assignment. (part 1 of 2)
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44 int main () Outline *

45 |

46 Increment value{ 10, 5 );

47 figh7_05.cpp

48 cout << "Before incrementing: ®; ('} Of:“

49 value.print () ;

50 . -
o ‘ ’ figD7_05.cpp

51 for [dnt 3 = 04 3 < 33 3%+ } { output (1 of 1)

52 wvalue.addIncrement {} ; "

53 cout << "After increment " << .j + 1 =< ®; H.

54 wvalue.print () ;

58 }

55 Not using member initializer

57 return 0; syntax to initialize const

58

data member increment

results in error.

D:\cpphtpd examples\ch07\Fig07 03\Fig07 03.cpp (Sur—T =rror T
'increment' : must be initialized in constructor base/m Am:mpt'ingtonx)dify const
initializer list :

X X 3 : data member increment
D:\cpphtpd examples)\ch07\Fig07 03\Fig07 i 5
see declaratien of 'increment!' results in error,

D:\cpphtp4 examples\ch07\Fig07 03\Fig07 03.cpp(32) : error C2166:

l-wvalue specifies const object

59 } // end main

“opp (24)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.8: Erroneous attempt to initialize a constant of a built-in data type
by assignment. (part 2 of 2)
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CHAPTER 2.

i S/ Fig. 7.6: datel.h

2 [/ Date class definition.

3 /# Member functionz defined in datel.cpp

4 #ifndef DATEL H

5 #define DATEL H

6

N s D L Note no constructor with
g parameter of type Date.
8 mublien . ’ Recall compiler provides
10 Da\.’.e( 1r-1t. = A S e B :m*l:. = ] Pt copy constructor.
11 void print() const; // print

12 ~Datef(); // provided to confirm destruction order

13

14 private:

15 int month; /f/ 1-12 {(January-December)

16 int day; [/ 1-31 based on month

17 int year; [/ any year

18

19 S/ utility function to test proper day for month and year
20 int checkDay({ int ) const;

21

22 1; // end class Date

23

24 #endif

Figure 2.

9: Date class definition.

CLASSES PART 11

-2
2

Qutline

datel.h (1of1)

© 2003 Prentice Hall. Inc.
All rights reserved .
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Jf Fig. T7.7: datel.cpp
S/ Member-function definition= for class Date.

Qutline

#include <iostream>
datel.cpp (1 of 3)
using std::cout;

uzing std::endl;

S/ include Date class definition from datel.h
#include "datel.h”

Lo R - T I B =

okl
= O

// constructor confirms proper value for month; calls
12 /7 utility function checkDay to confirm proper wvalue for day
13 Date::Datel int mn, int dy, int yr )

14 1
15 if (mn » 0 & mn <= 12 } // wvalidate the month
16 menth = mn;
17
18 else { [ invalid menth set to 1
19 month = 1;
20 cout << "Month " << mn << " invalid. Set to menth 1.'\n";
21 ¥
22
23 YEear = yr: S/ should wvalidate vr
24 day = checkDay{ dy }; [ validate the day
25
© 2003 Prentice Hall. Inc.
All rights reserved.

26 // output Date cbject te show when its constructor is called outline
27 cout << "Date object constructor for date "; —
28 print (};
29 cout << endl; datel.cpp (2 of 3)
2 No arguments; each member
31 } // end Date constructor "functioni_mﬁiains i-mpli_cit
= handle to object on which it
33 // print Date cbjeft in form mont opcrales.
34 woid Date::print{) const g
35 1
36 cout << month << '/! << day << '/!' << year;
ar
38 1 // end funection print
S ) -1 Qutput to show timing of
40 f/ output Date chject to show wh 1t dv;erueters. -
41 Date::~Date{} e

{
43 cout << "Date cbject destructor for date ";
44 print (};
45 cout << endl;
46

47 1 // end destructor ~Date

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.10: Date class member-function definitions. (part 1 of 2)
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CHAPTER 2.

49 // utility function teo confirm proper day value baszed on

50 // month and year; handles leap years, tooc

51

BR2888%858aR

2ae

67

69

int Date::checkDay({ int testDay ) const

1

static const int daysPerMonth[ 13 1 =
ALl I B - i B e i o Wi o i o B s Gt I B it 1 i Ty S

[/ determine whether tesgtDay is= wvalid for specified month
if { testDay > O && testDay <= daysPerMonth| month ] )
return testDay;

// February 29 check for leap year
if { month == 2 && testDay == 22 &&
{ year % 400 == 0 ||
{ year % 4 == 0 && year % 100 1= 0 } } )}
return testDay;

cout << "Day " << tegtDay << " inwvalid. Set to day 1.\n";

return 1; // leave cbject in consistent state if bad wvalue

} // end functien checkDay

CLASSES PART 11

2
Ly

Qutline

datel.cpp (3 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 2.11: Date class member-function definitions. (part 2 of 2)
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1 /{ Fig. 7.8: employeel.h outline

2 S/ Employee class definition. —

3 /{ Member functions defined in employeel.cpp.

4 #ifndef EMPLOYEEL H employeeLh (1 of 2)

5 #define EMPLOYEEL H

6

7 // include Date class definition from datel.h

8 #include "datel.h®

-}

10 class Employee {

11

12 public:

13 Employee

14 const char *,; const char *; const Date &, const Date & );

15

16 void print{} const;

2 ~Employee()}; // provided to confirm destruction order U_sing.compositicm;

2 Employee object contains

19 priwvate: ik s

20 char firstName[ 25 ]; dats OBJMS s dal

21 char lastName[ 25 1; members,

22 const Date birthDate; // composition: member cbhbject

23 const Date hireDate;: S/ composition: member object

24

25 }; // end clas= Emplovee
© 2003 Prentice Hall. Inc.
All rights reserved.

27
= Qutline
27 #Hendif S,

employeel.h (2 of 2)
5 ) [f Fig. 7.9: employeel.cpp employccl.{:pp
2 S/ Member-function definitions for class Employee. (l Of3)
3  #include <iostream>
a
B using std::cout;
15 uzing std::endl;
7
a8 #include <cstring> S/ Btropy and strlen prototypes
)
i0 #include "employvesl.h® J/ Employee class definition
11 #include "datel.h® [/ Date class definiticn
1z

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.12: Employee class definition showing composition.
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13 // constructor uses member initializer list to pass initializer outline
14 [/ walues to constructors of member objects birthDate and —
15 // hireDate [Note: This inwvokes the so-called "default copy

16 // constructor® which the Ct++ compiler provides implicitly.] employeel.cpp
17 Employee::Employee{ const char *first, const char *last, (2 Df})

18 conet Date &dateOfBirth, const Date &dateOfHire )

i9 : birthDate{ dateOfBirth ), // initialize birthDate

20 hireDate( dateOfHire ) WZE hireDate
21 |

- Member initializer syntax to
22 ,:’,.r’ copy first into fir‘stName and be surg initialize Da te data members
23 int length = strlen( first ); birthDate and

24 length = { length < 25 ? length : 24 }; . .

25 str:cpy( firsthglame, firet, lzngth Y: i Z:;.reDate; .CC.)(I?pll.Cl"l_lSGS
26 firstName[ length ] = 'Y0'; efault SERTEHE (e
27

28 [/ copy last into lastName and be sure that it fits

29 length = strlen( last );

30 length = { length < 25 ? length : 24 };

31 strnepy( lastName, last, length };

Output to show timing of

az lastName[ length 1 = '\0'; Conauclors

33

34 // output Employee cbje to show when constructor is called
35 cout << "Emplevee object constructor: "

36 << firstName << ' ' << lastName << endl;

37

© 2003 Prentice Hall, Inc.
All rights reserved.

38 1 // end Employee constructor
39
40 // print Employee object

41 woid Employee::print () const employeel.cpp
a2 | (3 of 3)

43 cout << lastName << *, ® << firstName << *\nHired: °;

a4 hireDate.print();

45 cout << ®* Birth date: ®;

46 birthDate.print();

a7 cout << endl;

48

49 1 // end function print

50

Output to show timing of
51 // output Employee object to show wl R destructors

Employee: : ~Employee {)
{
cout << "Employee object destructor: "

<< lastName << ", " << firstName << endl;

488w a88y

1} // end destructer ~Employee

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.13: Employee class member-function definitions,including con-
structor with a member-initializer list.
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Qutline

fig07_10.cpp
(lof 1)

1 A8 FIg. T EighT 10 cpp

2 S/ Demonstrating composition--an object with member objects.

3 #include <iostream>

4

5 usging std out;

[ uzing std::endl;

T

: #include "employesl.h® J/ Employee class definition

El :
T b Create Date objects to pass
11 to Employee constructor.
12 Date birth{ 7, 24, 1343 );

13 Date hire{ 3, 12, 18988 );

14 Employee manager{ "Bob®, "Jones®, birth, hire };

15

16 cout << '‘n';

17 manager.print (};

18

19 cout << "\nTest Date constructor with inwvalid values:\n";

20 Date lastDayOff { 14, 35, 1294 }; // invalid month and day
21 cout << endl;

22

23 return 0;

24

25 } // end main

Date object constructor for date 7/24/1843
Date cbject constructor for date 3/12/1988

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

Emplovee cbject constructor: Bob Jones \
Note two additional Date | 10.cpp

Jones, Bob
Hired: 3/12/1988 Birth date: 7,/24/1949

used.

Test Date constructor with invalid values:

objects constructed; no output |t (1 of 1)
since default copy constructor

Month 14 invalid. Set to month 1.
Day 35 invalid. Set to day 1.

i SR S T PR e

Date cbject constructor for date 1/1/18%54

Destuctor for Empl oyee’s

Date object destructor for date 1/1/19%94

1 Destructor for Emplovee’s

Diact £, Fos Tim b chiaat

Employee ohﬂect destructor: Jeones, Bob
Date object destructor for date 3/12/1988

Date object destructor for date 7/24/19439 birth

4 Destmuctor for Date object
i

Date object destructor for date 3/12/1388
Date object destructor for date 7/24/1543%

Figure 2.14: Member-object initializers.

© 2003 Prentice Hall. Inc.
All rights reserved.
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e Not symmetric

— Class B friend of class A

— Class A not necessarily friend of class B

e Not transitive

— Class A friend of class B
— Class B friend of class C

— Class A not necessarily friend of Class C

The program of Figs. (top) defines friend function setX to set the
private data member x of class Count. Friend declaration can appear any-
where in the class. The program of Figs. (bottom) HZT7 demonstrates
the error messages produced by the compiler when nonfriend function can-
notSetX is called to modify private data member x.

2.4 Using the this Pointer

We have seen that an object’s member functions can manipulate the object’s
data. How do member functions know which object’s data members to ma-
nipulate? Every object has access to its own address through a pointer called
this (a C++ keyword).

e Allows object to access own address

e Not part of object itself; Implicit argument to non-static member func-
tion call

e Implicitly reference member data and functions
e Type of this pointer depends on

— Type of object
— Whether member function is const
— In non-const member function of Employee

* this has type Employee * const ; Constant pointer to non-
constant Employee object

— In const member function of Employee

* this has type const Employee * const ; Constant pointer
to constant Employee object



2.4.

Lo R - T I B =

okl
= O

88

25

BREE

31
3z
33
34
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36
37
38
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a

USING THE THIS POINTER

A T S A B B e T )
S/ Friends can access private members of a class=.

#include <iostream>

using std::cout;

uzing std::endl;

. Precede function prototype
with keyword friend.

S/ Count classz definitibn

class Count [

friend void setX{ Count &, int }; // friend declaration
public:
J// eonstructor
Count (}
oxt @Y S/ initielize x teo ©

/{ empty body

} // end Count ceonstructer

[/ output x
void print() const
{

cout << x << endl;

} // end function print

private:
int x; [/ data member

}: // end class Count Pass Count object since C-

stvle standalone fimction.

Since setX friend of
Count, can access and
modify private data
member x.

// function setI can

e.x = val; [/ leqg

} // end function setX

Figure 2.15: Friends can access private members

83

Qutline *
V]

figO7_1l.cpp
(lof3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline
V]

figO7_1l.cpp
(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

of the class.
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42 int main () Ouﬂine *

43 1 |

44 Count ceounter; // ereate Count object

45 . — .

' .~ Use friend function to fighy. T.epp

46 cout << "counter.x after instan 1 . : L (3 Df})

a7 S ouE e access and modify private

a8 data member x. )
figO7_1l.cpp

49 setX{ counter, & ); /J/ set x with a friend
output (1 of 1)

50

51 cout << "counter.x after call to setX friend function: ";

52 counter.print () ;

53

54 return 0;

55

5 1 // end main

counter.x after instantiation: 0
counter.x after call to setX friend function: &

© 2003 Prentice Hall, Inc.
All rights reserved.

i 7 A . R A B R 3w T K T T ) outline i
2 S/ Non-friend/non-member functions cannot access —
3 [/ private data of a class.

4  #include <iostream> tig07_12.cpp
3 (10f3)

[+ using std::cout;

o using std::endl;

8

] [/ Count class definition

10 // (note that there is no friendship declaration)

i1 class Count {

12

13 publie:

14

15 [/ constructor

16 Count ()

17 e e TN s KBt i 8 e i e ol

18 {

19 S/ empty body

20

21 } // end Count constructor

22

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.16: Nonfriend /nonmember functions cannot access private mem-
bers. (part 1 of 2)
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a3
a4
a5

a6
a7
48
49

51

[/ output x
void print() const
{

cout << x << endl;

} // end function print

private:
int x; [/ data member
}: // end class Count

// function tries to modif

Attempting to modify

il private data member from
i non-friend function results

in error.

e.x = val;

} // end function cannotSetX

int main(}

{
Count counter;
cannot8etI{ counter, 3 };

return 0O;

} // end main

// ERROR: canmor wcoess prrvace memoer T Count

[/ create Count cbject

[/ cannotSetI iz not a friend

D:\cpphtpd examples\ch07\Fig07 12\Fig07 12.cpp(39) : error C2248:

iyt

: cannot access private member declared in class 'Count'

D:\cpphtpd examples\ch07\Fig07 12\Fig07 12.cpp (31) :

see declaration of 'x°' v\

85

Qutline *
V]

figO7_12.cpp
(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline ¥
¥

fig07_12.cpp
(3o0f3)

figO7_12.cpp
output (1 of 1)

Attempting to modify
private data member from
non-friend function results
in error.

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.17: Nonfriend/nonmember functions cannot access private mem-
bers. (part 2 of 2)
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The program of Figs. demonstrates the implicit and explicit
use of the this pointer to enable a member function of class Test
to print the private data x of a Test object. The program of Figs.
modifies class Time’s set functions setTime, setHour, set-
Minute and setSecond such that each returns a reference to a Time
object to enable cascaded member-function calls.

e (Cascaded member function calls

— Multiple functions invoked in same statement

— Function returns reference pointer to same object; { return *this;

}

e Other functions operate on that pointer

e Functions that do not return references must be called last
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USING THE THIS POINTER

A i R A B B i B DAL 1)
S/ U=zing the this pointer te refer to object members.

#include <iostream>

using std::cout;

uzing std::endl;
class Test {
public:
Test{ int = 0 ); /f default constructor

vold print{} const;

private:
int x;

}; // end class Test
[/ constructor
Test::Test{ int value
:'x{ wvalue ) /f/ initialize x to wvalue

// empty body

} // end Test constructor

S/ print x using implicit and explicit this= pointers;

Qutline

figO7_13.cpp
(lof3)

© 2003 Prentice Hall. Inc.
All rights reserved.

// parentheses arcund *this required

woid Test::print() const

{

Implicitly use this pointer;
only specify name of data
b Larh

mie!

S implicitly use this point 0O ACCESE mel

cout << ® X = " oLgoyy

Explicitly use this pointer
with arrow operator.

[/ explicitly u=ze this pointer tg- x

cout << "\n this->x = " << this->x;

[/ the dot ocperator to access me

Explicitly use this pointer;
dereference this pointer
first, then use dot operatot:.

cout << "\n{*this).x = ® << { *this }.x << endl;
} // end function print
int main ()}
{

Test testObject{ 12 };

testObject.print () ;

return 0;

© 2003 Prentice Hall. Inc.
All rights reserved.

41

87

Figure 2.18: this pointer implicitly and explicitly used to access an object’s
members. (part 1 of 2)
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51 1 // end main

x = 12
thig->x = 12
(*this).x = 12

CHAPTER 2. CLASSES PART 11

[ 43

Qutline
fig07_13.cpp
(30f3)

fig07_13.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.19: this pointer implicitly and explicitly used to access an object’s

members. (part 2 of 2)
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1 // Fig. 7.14: time6.h Qutline
2 S/ Cascading member function calls. —
3
4 /f Time class definition. time6.h (1 of 2)
5 [/ Member functions defined in timef.cpp.
i} Hifndef TIMES H
v #define TIMES H
8
9 class Time {
10
11 pubiics Set functions return reference
12 Time( int = 0, int = 0, int = to Time object to enable
13 cascaded member function
14 /7 set functions calls.
15 Time &=etTime( int, int, int }; // =€t hour, minute, second
16 Time &setHour{ int ); [/ =set hour
17 Time &setMinute( int }; [/ set minute
18 Time &setSecond{ int }; // =set second
19
20 f{ get functions (normally declared const)
21 int getHour () const; [/ return hour
22 int getMinute()} const; /i return minute
23 int getSecend() const; // return second
24
© 2003 Prentice Hall. Inc.
All rights reserved.
25 // print functiens (nermally declared const) outline
26 void printUniwversal{) const; // print universal time —
27 void print8tandard()} const; [ print standard time
28 time6.h (2 of 2)
28 private:
30 int hour; S 0 - 23 (24-hour clock format)
31 int minute; // 0 - 59
3z int second; /f/ 0 - 53
33
34 1; // end class Time
35
36 #endif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.20: Time class definition modified to enable cascaded member-
function calls.
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i J/ Fig. 7.15: time6.cpp outline #
2 S/ Member-function definitions for Time class. —
3 #inelude <iostream>
4 timeb.cpp (1 of 5)
5 using std::cout;
6
T #include <icmanip>
8
] usging std::setfill;
10 wusing std::setw;
11
12 #include "timed.h® J/ Time class definition
13
14 // constructor function to initialize priwvate data;
15 [/ calls member function setTime to set wvariables;
16 [/ default walues are 0 [sees class definition)
17 Time::Time{ int hr, int min, int see )
18 {
19 getTime( hr, min, sec );
20
21 Y // end Time constructeor
22
© 2003 Prentice Hall, Inc.
All rights reserved.
45
23 // set walues of hour, minute, and second outline
24 Time &Time::setTime( int h, int m, int s )} =
25 |
26 sethour( h ); timeb.cpp (2 of 5)
27 setMinute( m ) ; Retum *this as reference to
28 setSecond( = ); enable cascaded member
29 function calls,
30 return *this; // enable= cascading
31
32 1} // end function setTime
33

34 [J/ set hour wvalue

35 Time &Time::szetHour( int h ) : 3

36 Retum *this as reference to
37 Rotr = (b 0 e j » o enable cascaded member

18 function calls.

39 return *this; S/ enables cascading

40

41 Y} // end function setHour

42

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.21: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 1 of 3)
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49

43 // set minute wvalue outline

44 Time &Time::setMinute( int m )

a5 |  Retum #*thisg as reference to ‘
46 minute = ( m >= 0 && 60 ) anablccasca_lded member timeb.cpp (3 of 5)
47 function calls.

48 return *this; // enable= cascading

49

50 } // end function setMinute

51

52 // set second walue

53 Time &Time::setSecond({ int = ) - =

51 g Retum *this as reference to

55 second = ( 8 >= 0 && 60 ) enable cascaded member

56 function calls.

57 return *this; // enables cascading

58

59 1 // end funetion setSecond

61 // get hour wvalue

62 int Time::getHour () const
63 1

&4 return hour;

65

86 1 // end function getHour
67

© 2003 Prentice Hall. Inc.
All rights reserved.

68 // get minute wvalue outline

69 int Time::getMinute() const ‘
|

L |
return minute; timeb.cpp (4 of 5)

} // end function getMinute

[/ get second value
int Time::getSecond() const
£

return second;

} // end function getSecond

S/ print Time in univer=al format
void Time::printUniversal {} const
{
cout << setfill{ '0' } << setw{ 2 )} << hour << ":"
<< setw{ 2 )} << minute << ":"

<< metw{ 2 )} << =econd;

} // end function printUniversal

8888 eEBRe8EFAadidn

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.22: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 2 of 3)
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91 // print Time in standard format

92 woid Time::printStandard() const

a3 i

94 cout << ( { hour == 0 || hour == 12 } ? 12 : hour % 12 } iimcﬁ.cpp(i of 3)
95 <= ":" =< getfill{ '0' ) =< setw{ 2 ) << minute

26 << ":" << getw( 2 )} << secend

a7 << { hour < 12 7 " AM" : " PM" };

o8

99 1 // end funetion printStandard

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.23: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 3 of 3)
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USING THE THIS POINTER

A i S Ao W AR e R 1) o
S/ Cascading member function calls with the this= peinter.

#include <iostream>

using std::cout;

uzing std::endl;

#include "times.h® Jf/ Time classz definition

int main()

{

Cascade member function
Time t; calls; recall dot operator
associates from left to right.

// cascaded function calls
t.setHour{ 18 }.setMinute{ 30 }.setSecond{ 22 };

Sf output time in universal and standard formats

uh
2

Qutline

figO7_16.cpp
(lof2)

cout << "Universal time: ";

t.printUniversal () ;

cout << "\n=Ztandard time:
t.printStandard() ;

cout << "\n\nNew standard

// cascaded function calls
t.setTime{ 20, 20, 20 ).printStandard();

cout << endl;

return 0;

} // end main

Universal time: 18:30:22
Standard time: 6:30:22 PM

New standard time: B:20:20 PM

Figure 2.24

g
H

time: "z

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

 Funetion call to '-F_Ié.cpp
printstandard must 2)
‘appear last;

printstandarddoesnot {_lb.cpp
refum reference to t. pe (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

: Cascading member-function calls.

93
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2.5 Dynamic Memory Management with Op-
erators new and delete

e Dynamic memory management

— Control allocation and deallocation of memory
— Operators new and delete
x Include standard header <new>; Access to standard version
of new

® new

— Consider

* Time *timePtr;

* timePtr = new Time;
— new operator

x Creates object of proper size for type Time; Error if no space
in memory for object

x Calls default constructor for object
x Returns pointer of specified type
— Providing initializers
* double *ptr = new double( 3.14159 );
* Time *timePtr = new Time( 12, 0, 0 );

— Allocating arrays; int *gradesArray = new int[ 10 |;
e delete

— Destroy dynamically allocated object and free space
— Consider; delete timePtr;
— Operator delete

x Calls destructor for object
x Deallocates memory associated with object; Memory can be
reused to allocate other objects
— Deallocating arrays
x delete [] gradesArray; ; Deallocates array to which grade-
sArray points
x If pointer to array of objects
- First calls destructor for each object in array
- Then deallocates memory
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2.6 static Class Members

Each object of a class has its own copy of all the data members of the class.
in certain cases, only one copy of a variable should be shared by all objects
of a class.

e static class variable

— 7"Class-wide” data; Property of class, not specific object of class

— Efficient when single copy of data is enough; Only the static vari-
able has to be updated

— May seem like global variables, but have class scope; Only acces-
sible to objects of same class

— Initialized exactly once at file scope
— Exist even if no objects of class exist

— Can be public, private or protected
e Accessing static class variables

— Accessible through any object of class
— public static variables

x Can also be accessed using binary scope resolution opera-
tor(::)
x Employee::count

e private static variables

— When no class member objects exist

x Can only be accessed via public static member function

x To call public static member function combine class name,
binary scope resolution operator (::) and function name; Em-
ployee::getCount()

e static member functions

— Cannot access non-static data or functions

— No this pointer for static functions; static data members and
static member functions exist independent of objects

The programs of Figs. demonstrates a private static data member
called count and a public static member function called getCount. Figure
uses function getCount to determine the number of Employee objects
currently instantiated.
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M 60
1 S/ Fig. 7.17: employeel.h outline
2 // Employee class definition. | _—
3 #ifndef EMPLOYEEZ H —l
4 #define ENPLOYEEZ H employee2.h (1 0f2)
5
3 class Employee |
7
8 public:
2} Employvee{ const char *, const char * ); [/ constructor
10 ~Employee () ; J/ destructor
11 const char *getFirstName() const; // ¢ At ncmber lunchion
12 const char *getLastName () const; T : )
- can only access static data
14 J/ static member functi memb-'ers and member
15 static int getCount(); // return # obj functions.
16
17 private:
18 char *firstName; static data member is
19 char *lastName; class-wide data.
- :
2 [/ statie data memb&r
22 statie int count; // number of objects instantiated
23
24 1; // end elass Emplovee
25

©) 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.25: Employee class definition with a static data member to track
the number Employee objects in memory.
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24
25
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31
32
33
34
35
36
ar
38
39

a1

Ea R

46
a7

61
#endif H
Qutline
Jf Fig. 7.18: employeel.cpp employee2.h (2 of 2)
[/ Member-function definiticns for class Employee.
#include <iostream> employee2.cpp
(10f3)
using std::cout;
using std::endl;
#include <new> [/ C++ standard new operator
#include <cstring> // strepy and strlen prototypes
Initialize statie data
#include "employes2.h" // Employee o
member exactly once at file
Scope.
[/ define and initialize s ic data membs pe
int Employee::count = 0;
static member function
S/ define static member function ) accesses gtatic data
// Employee cbjects instantia member count.
int Employee::getCount {) -
{
return count;
} // end static function getCount
© 2003 Prentice Hall. Inc.
All rights reserved.
62
, Qutline
S/ constructor dynamically allocates space for —
// first and last name and uses strcocpy to copy
Jf first and last names into the object -’.'_’““'-“}“‘*"Z,Cpp
Employee: :Employee( const char *first, const new operator dynamically
{ allocates space.

4 Use static data member to
| stote total count of
employees.

++count; [/ increment static count of emplovees

cout << "Employee constructor for " << firstName

<< ' ' << lastName << " called." << endl;

} // end Employee constructor

[/ destructor deallocates dynamically allocated memory
Employee: : ~Employee ()
{

cout << "~Empleyee (] called for " << firstName

<< ' ' << lastName << endl;

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2.26: Employee class member-function definitions. (part 1 of 2)
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} // end destructor ~Emp

J/ return first name of

CHAPTER 2.

delete [] firstName;

delete

// recapture memory

astName; J/ recapture memory

< -gount; [ decre

tatic count of employees
I

Use static data memberto [LOCAtEs

store total count of

employees.

const char *Employee::getFirstName() const

1

// const before return type prevents client from modifying
J// private data; client should copy returned string before
/[ destructor deletes storage to prevent undefined pointer

return firstName;

}. [/ end function getFirstName

[/ return last name of employee

consgt char *Employee::getlastName() const

I

J/ const before return type prevents client from modifying
// private data; c¢lient should copy returned string before
J/ destructor deletes storage to prevent undefined pointer

return lastName;

1 // end function getlastName

J Fig. T.A9; FfighT7. 19.cpp
S/ Driver to test clasms Emplovee.

#include <iostream>

using std::cout;

using std::endl;

#include <new>

#include "employeel.h®

[/ o++ standard new operator

// Employee class definition

int main{)

1

CLASSES PART 11

63
QOutline

employee2.cpp
(30f3)

© 2003 Prentice Hall, Inc.
All rights reserved.

figh7_19.cpp
(10f2)

cout << "Number of employees before instantiation is ®

<< Employee::getCount () << endl; [l us 1as=—rare| NEW operator dynamlcally
Lallo

Employee *elPtr static member function
can be invoked on any object

of class.

Employee *e2Ptr

cates spﬁce._

cout << "Number

F' employees aftcr IDSCantlatlon IS
<< elPtr->getCount();

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.27: Employee class member-function definitions. (part 2 of 2) and
static data member tracking the number of objects of a class. (part 1 of 2)
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23 cout << "\n\nEmployee 1: " Out"ne
24 << elPtr->getFirstName{) —
25 << " " << glPtr->getLastName ()}

26 << "\pEmployee 2: ® thT_lQCpp

27 << e2Ptr->getFirstName() (20f2)

28 << ¥ ¥ << g2Ptr->getLastName()} << “\n'\n";

29

30 dele elPtr; [// recapture memory

31 elPtr = 07F ff disconnect pointer from free-store space

32 dele ecapture memory static mcmber. funeﬁon

2 E2Fkescits invoked using binary scope

34 i
resolution operator (no

35 cout << "Mumber of employees al MCHIONY e : e
existing class objects).

36 << Employee::getCount () << endl;

Eid

38 return 0;

39

40 } // end main

© 2003 Prentice Hall, Inc.
All rights reserved.

Number of employees before instantiation is 0 Outline g8
Employee constructor for Susan Baker called. e ]
Employee constructor for Robert Jones called.

Number of employees after instantiation is 2 th?,lgcpp

output (1 of 1)

Employee 1: Susan Baker

Employee 2Z: Robert Jones

~Emplovee ()} called for Susan Baker
~Employee () called for Robert Jones
Number of employees after deletion is 0

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.28: static data member tracking the number of objects of a class.
(part 2 of 2)
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2.7 Data Abstraction and Information Hid-
ing

e Information hiding

— Classes hide implementation details from clients
— Example: stack data structure

« Data elements added (pushed) onto top
* Data elements removed (popped) from top
Last-in, first-out (LIFO) data structure

Client only wants LIFO data structure; Does not care how
stack implemented

*

*

e Data abstraction; Describe functionality of class independent of im-
plementation

e Abstract data types (ADTSs)

— Approximations/models of real-world concepts and behaviors; int,
float are models for a numbers

— Data representation
— Operations allowed on those data

— ADTs receive as much as attention today as structured program-
ming did over the last two decades. (ADTs do not replace struc-
tured programming. rather, they provide an additional formaliza-
tion that can further improve the program-development process.)

o (C++ extensible; Standard data types cannot be changed, but new data
types can be created

The job of high-level languages is to create a view convenient for programmers
to use. There is no single accepted standard view-that is one reason why there
are so many programming languages. Object-oriented programming in C++
presents yet another view.

The primary activity in C++ is creating new types (i.e., classes) and
expressing the interactions among objects of those types.
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2.7.1 Example: Array Abstract Data Type

An array is not much more than a pointer and some space in memory. Prim-
itive capabilities! There are many operations that would be nice to perform
with arrays, but there are not built-in C++. With C++ classes, the pro-
grammer can develop an array ADT is preferable to 'raw’ arrays. Although
the language is easy to extend with these new types, the base language itself
is not changeable.

e ADT array

— Subscript range checking

— Arbitrary range of subscripts; Instead of having to start with 0
— Array assignment

— Array comparison

— Array input/output

— Arrays that know their sizes

— Arrays that expand dynamically to accommodate more elements

2.7.2 Example: String Abstract Data Type
e Strings in C++

— C++ does not provide built-in string data type; Maximizes per-
formance

— Provides mechanisms for creating and implementing string ab-
stract data type; String ADT (Chapter 8)

— ANSI/ISO standard string class (Chapter 19)

2.7.3 Example: Queue Abstract Data Type
A waiting line is also called a queue.
e Queue

— FIFO; First in, first out
— Enqueue; Put items in queue one at a time

— Dequeue; Remove items from queue one at a time

e Queue ADT
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— Implementation hidden from clients; Clients may not manipulate
data structure directly

— Only queue member functions can access internal data
— Queue ADT (Chapter 15)
— Standard library queue class (Chapter 20)
The queue ADT guarantees the integrity of its internal data structure. Clients

may not manipulate this data structure directly. Only the queue member
functions have access to its internal data.

2.8 Container Classes and Iterators

e Container classes (collection classes)

— Designed to hold collections of objects

— Common services; Insertion, deletion, searching, sorting, or test-
ing an item

— Examples; Arrays, stacks, queues, trees and linked lists
e Iterator objects (iterators)
— Returns next item of collection; Or performs some action on next
item

— Can have several iterators per container; Book with multiple book-
marks

— Each iterator maintains own ”position”

— Discussed further in Chapter 20

2.9 Proxy Classes

Sometimes, it is desirable to hide the implementation details of a class to
prevent access to proprietary information (including private data) and pro-
prietary program login in a class. Providing clients of your class with a
proxy class that knows only the public interface to your class enables the
clients to use your class’s services without giving the client access to your
class’s implementation details.

e Proxy class
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— Hide implementation details of another class

— Knows only public interface of class being hidden

— Enables clients to use class’s services without giving access to
class’s implementation

e Forward class declaration

— Used when class definition only uses pointer to another class
— Prevents need for including header file
— Declares class before referencing

— Format: class ClassToLoad;

Implementation of a proxy class is demonstrated in Figs. 2229231
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T4
J/{ Fig. 7.20: implementation.h outline
[/ Header file for class Implementation —
class Implementation { implementation.h
(10f2)

public:
// constructor
Implementation{ int v )

sowalue{ w )} [/ initialize walue with w

J/ empty body

public member function.

} // end Implementation constructor

[/ set wvalue to w
void setValue{ int v )
{

value = v; [/ should wvalidate v

} // end function setValue

© 2003 Prentice Hall, Inc.
All rights reserved.

// return wvalue

QOutline

int getValue() const .
{ : ; .
public member function. ] )
TREUDIL A Les implementation.h

(2 of 2)

} // end function getValue

private:

int wvalue;

}; // end class Implementation

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.29: Implementation class definition.
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Jf Fig. 7.21: interface.h
S/ Header file for interface.cpp

class Implementation;

/i

forward cl

class Interface {

public:
Interface( int };
void setValue{ int };

i
e

sami publi
int getValue() const; clags Impl

~Interface();

private:

[/ requires previous £ ard declara
Implementation *ptr;

}; // end class Interface

Jf Fig. 7.22: interface.cpp
S/ Definition of clasms Interface

#include "interface.h”

ass declaration

Provide same public
interface as class
Implementation; recall
getValue and getValue
only public member
functions.

o g

emel

Pointer to
Implementation object
requires forward class
declaration.

[/ Interface class definiticn

#include "implementaticn.h® I : mition
= : Maintain pointer to
underlyin

[/ constructor ying . bi £ =
Interface::L rface( int v Implementation o Ject. prace

: ptr ( new Implementatien({ v } } / mcludes header nle-fgl_".class
[ Implementation.

// empty body
} // end Interface constructor
// ©all Implementation's setValue £ Invokc-cont:spondmg

void Interface::setValue( int

function on underlying
Implementation ohject.

ptr->setValuel( v };

} // end function setValue

Figure 2.30: Interface class definition.

Qutline

interface.h (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

interface.cpp
(lof2)

© 2003 Prentice Hall. Inc.
All rights reserved.
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 Invoke corresponding
function on underlying
Implementation object.

// eall Implementation's getValue functi

int Interface::getValue() const

{

return ptr->getValue();

} // end function getValue

Deallocate underlying

/[ destructor i =
Implementation object.

Interface::~Interface

{
delete ptr;

¥ // end destructer ~Interface

/il Fig.

S/ Hiding a clas='s private data with a proxy class.

b AP b 0 ) e R b AR Y 55

#include <iostream>

| Only include proxy class
header file.

using std::cout;

using std::endl;

#inelude "interface.h® J/ Interface

Create object of proxy class
int main{) Interface: note no

{ mention of
Implementation class.

Interface i{ 5 );

cout. << "Interface contains: * << i. ue (}

QOutline "

interface.cpp
(20f2)

© 2003 Prentice Hall, Inc.
All rights reserved.

QOutline ”
¥

figO7_23.cpp
(1of1)

figO7_23.cpp
output (1 of 1)

<< " before setValue" << endl;

Invoke member functions via
proxy class object.

i.setValue( 10 );

cout << "Interface contains: " << i.getValue(}

<< " after setValue® << endl;

return 0;

5 before setValue
10 after setValue

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2.31: Interface class member-function definitions and Implementing
a proxy class.



Chapter 3

Operator Overloading

3.1 Introduction

Manipulations on objects were accomplished by sending messages (in the
form of member-function calls) to the object.

e Use operators with objects (operator overloading)

— Clearer than function calls for certain classes

— Operator sensitive to context
e Examples

— <<; Stream insertion, bitwise left-shift

— +; Performs arithmetic on multiple types (integers, floats, etc.)

3.2 Fundamentals of Operator Overloading

C++ programming is a type-sensitive and type-focused process. Operators
provide programmers with a concise notation for expressing manipulations
of objects of built-in types.

e Types

— Built in (int, char) or user-defined

— Can use existing operators with user-defined types; Cannot create
new operators

e Overloading operators

107
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— Create a function for the class

— Name function operator followed by symbol; Operator+ for the
addition operator +

e Using operators on a class object

— It must be overloaded for that class

x Exceptions:

x Assignment operator, =; Memberwise assignment between
objects

x Address operator, &; Returns address of object

* Both can be overloaded

e Overloading provides concise notation

— object2 = objectl.add(object2);

— object2 = object2 4+ objectl;
Overloading is especially appropriate for mathematical classes. These often
require that a substantial set of operators be overloaded to ensure consis-
tency with the way these mathematical classes are handled in the real world.
Operator overloading is not automatic, however; the programmer must write
operator-overloading functions to perform the desired operations. Sometimes
these functions are best made member functions; sometimes they are best

as friend functions; occasionally the can be made non-member, non-friend
functions.

3.3 Restrictions on Operator Overloading

Most of C++4’s operators can be overloaded.
e Cannot change
— How operators act on built-in data types; i.e., cannot change in-

teger addition

— Precedence of operator (order of evaluation); Use parentheses to
force order-of-operations

— Associativity (left-to-right or right-to-left)

— Number of operands; & is unitary, only acts on one operand
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e Cannot create new operators

e Operators must be overloaded explicitly; Overloading 4+ does not over-

load +=

3.4 Operator Functions As Class Members
Vs. As Friend Functions

e Operator functions

— Member functions

x Use this keyword to implicitly get argument
« Gets left operand for binary operators (like +)
* Leftmost object must be of same class as operator

— Non member functions

*x Need parameters for both operands
x Can have object of different class than operator

x Must be a friend to access private or protected data
— Called when

x Left operand of binary operator of same class

x Single operand of unitary operator of same class
e Overloaded << operator
— Left operand of type ostream &; Such as cout object in cout
<< classObject

— Similarly, overloaded >> needs istream &

— Thus, both must be non-member functions
e Commutative operators
— May want + to be commutative; So both "a 4+ b” and "b + a”
work

— Suppose we have two different classes

— Overloaded operator can only be member function when its class
is on left

x HugeIlntClass + Long int
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* Can be member function

— When other way, need a non-member overload function; Long int
+ HugelntClass

3.5 Overloading Stream-Insertion and Stream-
Extraction Operators
o << and >>

— Already overloaded to process each built-in type

— Can also process a user-defined class
e Example program

— Class PhoneNumber; Holds a telephone number

— Print out formatted number automatically; (123) 456-7890

The program of Figs. BIH3. 2 demonstrates overloading the stream-extraction
and stream-insertion operators to handle data of a user-defined telephone
number class called PhoneNumber.

3.6 Overloading Unary Operators

e Overloading unary operators

— Non-static member function, no arguments

— Non-member function, one argument; Argument must be class
object or reference to class object

— Remember, static functions only access static data
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1 A Fig. B.3: figh8 03.cpp outline i
2 S/ Overleading the stream-insertion and ‘| —
3 // stream-extraction operators. L=

4  #include <iostream> figO8_03.cpp
3 (10of3)

[ uzing std::cout;

7 usging std::cin;

: uzing std::endl;

9 usging std::ostream;

10 wusing std::istream;

11

12 #include <iomanip>

13 Notice function prototypes for

14 using std::setw; overloaded operators >> and <<

15

16 // PhoneNu r class definitio ThC}' must be non-member £riend

17 elass PhoneNurber [ functions, since the object of class

18 friend ostream &operator<<({| Phonenumber appears on the right of

19 friend istream &operator>> (| th@'opcmtﬂf-

= ) cin << object

21 private: A

22 char areaCode[ 4 1; // 3-4 cout >> object

23 char exchangel 4 1; // 3-digit exchange and null

24 char line[ 5 1; S 4-digit line and null

25

26 1; // end class PhoneNumber

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.1: Overloaded stream-insertion and stream extraction operators.
(part 1 of 2)
e Upcoming example (8.10)

— Overload ! to test for empty string
— If non-static member function, needs no arguments

* !s becomes s.operator!()
« class String { public: bool operator!() const; ... };

e If non-member function, needs one argument

— s! becomes operator!(s)

— class String { friend bool operator!( const String & ) ...

}

3.7 Overloading Binary Operators

e Overloading binary operators
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2 |
Outline
28 // overloaded stream-insertion operator; cannot be —
29 // a member function if we would like to inwvoke it with
30 // cout << somePhoneNumber; fig08_03.cpp
31 ostream &operator<<{ ostream &output, const PhoneNumber &num ) (2 of 3)
N The expression:
33 output << " (" << num.areaCode << "] * cout << phone;
=5 e ;
34 << num.exchange << "-" << num.line; i 5 :
= i 5 is interpreted as the function call:
operator<< (cout, phone);
36 return cutput; // enables cout << & <<'b << gj
37 output is an alias for cout.
38 1 // end function operator<<
39

This allows objects to be cascaded.

<< phonel << phone2;
plls

ator<< (cout, phonel),and

40 /] overloaded stream-extracti
41 f/ a member function if we

42 [/ cin >> somePhoneN:

ignore () skips specified
number of characters from

43 ietream &operat > { istrearn i‘ﬂpl]l (1 h}’ dcfau]l), :
a4 | rorors COUT,
45 input.ignore(); ffisxip |
a6 input >> setw( 4 ) 2 um.areaCode; // input ard Nexi,cout << phone2 executes.
% SUpHERIgHaIe (i bl Stream manipulator setw
48 input »>> setw{ 4 ) >> num.exch | restricts number of characters
4 ‘?nput'ignore“ ’ . read. setw (4) allows 3
: input »>> setw( 5 ) >> num.line; oharactcrsto-ba-r’md. lcav_ing
52 return input; // enables ein room for the null character.
© 2003 Prentice Hall, Inc.
All rights reserved.
13
= Outline
54 1 // end function operator>> = —
55
56 int main{) ﬁgOS_U].Cpp
2 (30f3)
58 PhoneNumber phone; // create object phone
= ‘ - figh8_03.cpp
60 cout << "Enter phone number in the form (123) 456-7830:\n";
output (1 of 1)
61
62 J/ ein:>> phone inwvokes operator>> by implicitly issuing
63 // the non-member function call operator>>( cin, phone )
64 cin >> phone;
65
66 cout. << "The phone number: entered was: " ;
&7
68 [/ cout << phone invokes operator<< by implicitly issuing
69 S/ the non-member function call operator<<( cout, phone )
70 cout << phone << endl;
T
T2 return 0;
73
e S A 4 T 3 ey

Enter phone number in the form (123) 456-7830:
{8op) 555-1212
The phone number entered was: (800) 555-1212

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.2: Overloaded stream-insertion and stream extraction operators.
(part 2 of 2)
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— Non-static member function, one argument
— Non-member function, two arguments

— One argument must be class object or reference
e Upcoming example

— If non-static member function, needs one argument

* class String {

x public:

« const String &operator+=( const String & );
*

* 1

— vy += z equivalent to y.operator+=( z )

3.8 Case Study: Array class
e Arrays in C++

— No range checking
— Cannot be compared meaningfully with ==
— No array assignment (array names const pointers)

— Cannot input/output entire arrays at once; One element at a time
e Example:Implement an Array class with

— Range checking

— Array assignment

— Arrays that know their size

— Outputting/inputting entire arrays with << and >>

— Array comparisons with == and !=
e Copy constructor

— Used whenever copy of object needed

« Passing by value (return value or parameter)

« Initializing an object with a copy of another; Array newAr-
ray( oldArray );
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* newArray copy of oldArray
— Prototype for class Array

* Array( const Array & );

x Must take reference
- Otherwise, pass by value
- Tries to make copy by calling copy constructor ...
- Infinite loop

The program of Figs. demonstrates class Array and its overloaded
operators.
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1 // Fig. B.4: arrayl.h outline
2 S/ Array class for storing arrays of integers. —
3 #ifndef ARRAY1 H
4  #define ARFAYL H h(lof2)
5
& #include <iestream>
T
: uzing =std::ostream;
9 uging std::istream;
10
11 class Array |
i2 friend ostream &operator<<{ cstream &, const Array & };
13 friend istream &operator>>( istream &, Array & );
14 Most operators overloaded as
12 mies member functions (except <<
16 Prmyhiant s 10t and >>, which must be non-
17 Array( const Array & membas fl._InGli_QnS_).
18 ~Array () ;
:0) int get8ize() const; Pmtol}'pe for o ConRIDIor.
21 S/ asmsignment operator
22 const Array &operator={ const Array & );
23
24 /! equality operator
25 bool operator==( const Array & ) const;
26
© 2003 Prentice Hall. Inc.
All rights reserved.
21
27 // inequality cperater; returns cpposite of == cperateor outline
28 bool cperater!=( const Array &right ) const —
29 {
30 return ! { *this == right }; // invokes Array::cperator== array1.h (2 of 2)
31
32 } // end function ocperatofis 1= operamrsimply returns
s opposite of == operator,
34 // subscript operator for non-con 3 o s
35 int &operator[] { int ); Thug’only e
36 == operator.
37 [/ subscript operator for const chjects returns rvalue
38 const int &operator[] { int } const;
39
40 private:
41 int =mize; // array size
42 int *ptr; [/ pointer to first element of array
43
44 }; [/ end class Array
45

46 #endif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.3: Array class definition with overloaded operators.
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i // Fig B.5: arrayl.cpp outline
2 S/ Member function definitions for class Arrav —
3 #inelude <iostream>

4 array L.cpp (1 of 7)
5 using std::cout;

[+ using std::ein;

o using std::endl;

8

9 #include <icmanip>

10

11 uging std::setw;

12

13 #include <new> J/ C++ standard "new®” operator

14

15 #inelude <estdlib> S/ exit function prototype

16

17 #inelude "arrayl.h" [J/ Array class definiticn

18

19 [/ default constructor for class Array (default size 10)

20 Array::Array({ int array8ize )

21

22 // wvalidate arraySize

23 size = ( arraySize > 0 ? arraySize : 10 )};

24

25 ptr = new int[ size ]; // eredte space for array

26
© 2003 Prentice Hall, Inc.
All rights reserved.

27 for {dnt'i = 0; i < size; i++ }

28 ptr( i 1 = S/ initialize arrav

28

30 } // end Array default constructor arrayL.cpp (2 of 7)

31

32 // copy constructor for class Array;

33 // must receive a reference to prey We must declare a new iﬂngCl’ array so
4 Array::Array{ const Array &arraviof the objects do not point to the same

35 : gize{ arrayToCopy.si memory.

36 | -

37 ptr = new int[ size ]; // create space for array
38

39 Ffor {dnt i =07 1 = sizes Axf )

40 ptr[ i ] = arrayTeCepy.ptx[ i 1; // copy into ocbject
41

42 1} [/ end Array copy constructor

43

44 [/ destructor for class Array

45 Array::~Array ()

46 |

47 delete [] ptr; // reclaim array space

48

49 1 // end destructer

50

© 2003 Prentice Hall, Inc.
All rights reserved.

]
(5]

Figure 3.4: Array class member-and friend-function definitions. (part 1 of

4)
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228328622028 UgaeBRa

b

75

a7

[/ return size of array
int Array::getSBize() const
{

return size;

} // end function getSize

// overloaded assignment operat: ‘Want to avoid sel f—assign'ment.

[/ const return aveoids: |
const Array &Array::ol ator={ const Array &right }
if { &right != this } { // check for self-assignment

J/ Eor arrays of different sizes, deallocate original
Sf left-side array, then allocate new left-side array
if { size != right.size } {

delete [] ptr;

size = right.size;

S/ reclaim space
[/ resize this cbject

ptr = new int[ size ]; // create space for array copy

¥ // end inner if

for {dint i = 0; 1 < size; i++ }
ptr[ i ] = right.ptr[ i 1; // copy array into cbject

1 // end outer if

return *this; S/ enables x = ¥ = z, for example

} // end function operator=

S/ determine if two arrays are equal and
[/ return true, otherwise return false
bool Array::operator==( con=t Array &right } const
{
if { size != right.size ]
return false; [/ arrayvs of different sizes

for ( int i = 0; 1 < size; i++ }

if {ptrl i 1 ¥= right.ptrl i 1 }

return false; // arrays are not equal

return trus; [/ arrays are egqual

[/ end function operator==

117

Qutline

array L.epp (3 of 7)

© 2003 Prentice Hall. Inc.
All rights reserved.

[
Lh

array L.epp (4 of 7)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.5: Array class member-and friend-function definitions. (part 2 of

4)
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98 [/ overloaded subscript cperater for non-const Arrays 0ut|ine

99 [/ reference return creates an lvalue

100 int &Array::operator[] { int subscript

101 { array L.cpp (5 of 7)
102 // check for subgeript out of range errd 7 = =

103 if ( subseript < 0 || subsecript »>= =iz J.nteger-sl [5] calls

104 gout << "\nError: Subscript " << subg in'tegersl.-operator [] ( 5 )
105 << " put of range" << endl;

106

107 exit{ 1 }; // terminate program; subscript out of range

108 ‘exit () (header <cstdlib>)ends

109 } [/ end if the program.

110 =

111 return ptr[ subscript 1; // reference return

112

113 } // end function opsrater (]

114

© 2003 Prentice Hall, Inc.
All rights reserved.

115 // overloaded subscript operator for const Arrays

116 // const reference return creates an rvalue

117 const int &Array::operator[] { int subscript ]} const

118 { array L.cpp (6 of 7)
119 // check for subscript out of range error

120 if { subseript < 0 || subsecript >= size ) |

121 cout << "\nError: Subscript " << subscript

122 << " put of range" << endl;

123

124 exit{ 1 }; // terminate program; subscript out of range
125

126 3= /i end if

127

128 return ptr[ subseript 1; // const reference return

129

130 1 // end function opsrator[]

131

132 [/ overloaded input operator for class Array;
133 // inputs walues for entire array

134 istream &operator>>{ istream &input, Array &a |

135 {

136 for {dint i = 0; i < a.size; i++ }

137 input >> a.ptr([ i 1;

138

139 return input; J/ enables eip > x ¥ ¥;
140

141 1 // end funetion

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.6: Array class member-and friend-function definitions. (part 3 of

4)
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142
143 // overloaded ocutput coperator for class Array

144 ostream &koperator<<{ ostream &output, const Array &a )

145 |

146 2 a0

147

148 S/ output private ptr-based array

148 for (i = 0; i < a.eize; i++ } |

150 output << setw( 12 ) << a.ptrl[ i 1;

151

152 if ( (1 +1 ) %4 ==101) f//f 4 nunbers per row of cutput
153 output << endl;

154

155 } // end for

156

157 if (1 % 4 =0} [/ end last line of output
158 output << endl;

159

160 return output; // enables cout << x << ¥;
161

162 1} // end function operator<<

Figure 3.7: Overloaded stream-insertion and stream

(part 4 of 2)

119

array L.epp (7T of 7)

© 2003 Prentice Hall, Inc.
All rights reserved.

extraction operators.
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29
// Fig. B.6: fig0hB 0&.cpp outline
J/ Array class test program. —
#inelude <iostream>
figO8_06.cpp
using std::cout; (] qu)
using std::ein;
using std::endl;
#inelude "arrayl.h®
int main ()
{
Array integersi( 7 ); [/ seven-element Array
Array integers2; J/ 10-elenent Array by default
[/ print dintegersl size and contents
cout << "2ize of array integersl is "
<< integersl.get8ize()
<< "‘nArray after dinitialization:\n" << integersl;
J/ print integers2 size and contents
cout << "\nBize of array integersl is |
<< integers2.getSize()
<< "\nArray after initialization:\n" << integers2;
© 2003 Prentice Hall, Inc.
All rights reserved.
4 . . : 30
// input and print integersl and integers2 outline
cout << "‘\nInput 17 integers:\n"; =
gin >> integersl >> integers2;
figO8_06.cpp
cout << "\nAfter input, the arrays contain:\n" (2 qu)

<< "integersl:\n® << integersl

<< "integer=2:\n" << integers2;

[/ use overloaded ineguality (! operator

cout << "\nEvaluating: integersl != integers2\n";

if { integersl != integers2 )

cout << "integersl and integer=2 are mot ecualln®;

J/ oreate array integers3 using integersl as an
[{ dinitializer; print size and contents

Array integers3{ integersl ); [/ calls copy constructer
cout << "‘\nS2ize of array integers3 is "

<< integers3.get8ize()

<< "\nArray after initialization:\n" << integers3;

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.8: Array class test program. (part 1 of 2)
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[ use overleaded aszsignment (=) cperator

cout << "integersl:\n" << integersl

<< "integersl:\n" << integers2;

[/ use overloaded equality (==} operator

if ( integersl == integersz )

integersli[ 5 1 = 1000;
cout << "integersl:\n" << integersl;

S/ attempt to use out-of-range subscript

dN1d882332BR2388985E8R28EE

return O;

~ =
LA

} /f end main

cout << "\nAssigning integers2 to integersl:\n";

integersl = integers2; // note target i= smaller

cout << "\nEvaluating: integersl == integersz\n";

cput << ®"integersl and integer=2 are equal’in®;

// u=ze overloaded subszcript operator to create rwvalue

cout €< "\nintegersl[5] is " << integersl[ 5 ];

[/ use overloaded subscript coperator to create lvalue

cout << "\ninAszsigning 1000 to integersl[5]1%n";

cout << "\nAttempt to assign 1000 to integer=1[15]" << endl;
integersl[ 15 1 = 1000; /f/ ERROR: out of range

Qutline

fig08_06.cpp
(3o0f3)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.9: Array class test program. (part 2 of 2)
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ig08_06.cpp.
output (10f3),

£ig08_06.cpp
output (2 of 3).

All rights reserved.

Figure 3.10: Array class test program, output. (part 1 of 2)
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B outiine
! !

 Fig08_06.cpp
output (3 of 3)

@ 2003 Prentice Hall, Tnc.
Al vights remve

Figure 3.11: Array class test program, output. (part 2 of 2)
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3.9 Converting between Types
Sometimes all the operations ”stay within a type”.
e Casting

— Traditionally, cast integers to floats, etc.

— May need to convert between user-defined types
e Cast operator (conversion operator)

— Convert from

% One class to another

* Class to built-in type (int, char, etc.)
— Must be non-static member function; Cannot be friend
— Do not specify return type; implicitly returns type to which you
are converting

e Example

— Prototype

x A::operator char *() const;
x Casts class A to a temporary char *

* (char *)s calls s.operator char*()

— Also, overloaded cast-operator functions can be defined for con-
verting objects of user-defined types into built-in types or into
objects of other user-defined types.

* A::operator int() const;

* A::operator OtherClass() const;
e Casting can prevent need for overloading

— Suppose class String can be cast to char *
— cout << s; // s is a String

« Compiler implicitly converts s to char *

* Do not have to overload <<
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3.10 Case Study: A String Class

e Build class String

— To handle String creation, manipulation

— Class string in standard library (more Chapter 15)
e Conversion constructor

— Single-argument constructor

— Turns objects of other types into class objects
% String s1(”hi”);
* Creates a String from a char *

— Any single-argument constructor is a conversion constructor

The programs of Figs. BTAE 2T demonstrates the building of our own String
class to handle the creation and manipulation of strings.
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39
Jf Fig. BTz stringlh outline
S/ Btring class definitiomn. —
#ifndef STRINGI H
#define STRINGL H string LLh (1 of 3)

#include <iostream>

using std::ostream;

using std::istream;

class String !

friend ostream &operator<<( ostre Conversion constructor to
friend istream &operator>>( istream|make a String froma char
*

publiec:
String{ const char * = "" }); [/ conversion/default ctor

21 += =2 interpreted as

sl.operator+=(s2)

String{ const String & ); [/ copy constr

~8tring () ;

const String &operator={ con String & );

/| Can also concatenate a string
const String &operator+=( const String & ); / and a char * because the
compiler will cast the char *
argument to a String.
However, it can only do 1 level
of casting.

bool operator! () const; LiE
bool operator=={ const String & } const; // t

bool operator<( const String & ) econst; [/ t

© 2003 Prentice Hall, Inc.
All rights reserved.

/I test s1 I= =2 QOutline
bool operator!=( ceonst String & right ) const =
{

return ! ( *thiz == right ); string LLh (2 of 3)

} // end function operatori=

[/ test g1 > =2
bool operator>({ conet String &right ) const
{

return right < *this;

1 // end function operator>

[/ test gl <= =2
bool operator<={ const String &right } const
{

return !{ right < *this );

} // end functien ecperator <=

[/ test s1 >= =2
bool operator>=( const String &right ) const
{

return !( *this < right );

} // end funection operator>=

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.12: String class definition with operator overloading. (part 1 of 2)
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898828

61
62

3B338522

char &operator[] { int ); k—/—/;_}

q
const char &operator[] ( int )} ecenst; // 4

String cperateor{) { int, int };

int getLength{) const;

private:
int length; [/ =tring length

non-const objects.

Two overloaded subscript
operators, for const and

Jf return a substring

char *sPtr; // pointer to start

volid setString( const char * );

}; // end class String

#endif

Overload the function call
operator () to returna
substring. This operator can
have any amount of operands.

UL SLLINg

S/ utility function

127

= string L.h (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.13: String class definition with operator overloading. (part 2 of 2)
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// FTig. B.B: stringl.cpp outline

S/ Member function definitions for class String.

#inelude <iostream>
string L.cpp (1 of 8)

using std::cout;

using std::endl;

#include <iomanip>

using std::setw;

#include <new> J// ¢++ standard "new" operator
#include <cstring> J/ strepy end strcat prototypes
#include <cstdlib> J/ exit prototype

#include "stringl.h" [J/ String class definitieom
[/ conversion constructor converts char * to String
Etring::Btring{ const char *s |

: length{ strlen( s ) )

cout << "Conversion constructor: " <<.g << '\m'j
setString{ s ); J/ ¢all utility functien

1 // end 8tring conversion constructer

© 2003 Prentice Hall, Inc.
All rights reserved.

43

J/ copy constructor

gtring::Btring{ const Btring &copy )
: length( copy.length ) string L.cpp (2 of 8)

cout << "Copy constructor: * << copy.sPtr << '\n';
eet8tring{ copy.sPtr ); // eall utility funetion

1 // end 2tring copy constructer

/[ destructor

String::~String()

{
cout << "Destructor: " << 8Ptr << '\n';
delete [] =Ptr; J/ reclaim string

I // end ~s8tring destructor

/[ overloaded = operator; avoids self assignment
const String &String::operator=( const String &right )
{

cout << "operator= called\n";

if { &right != this ) | [/ aveoid self assignment
delete [] =Ptr; J/ prevents memory leak
length = right.length; f/ mew Btring length
setString ( right.sPtr ); Lfeekl i wtT ity funetien

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.14: String class member-function and friend-function definition.
(part 1 of 4)
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Qutline

else

cout << "Attempted assignment of a String teo itselfin®;

string L.epp (3 of 8)

return *this; [/ enables cascaded assignments
1} // end functien cperater=

// concatenate right cperand to this chject and
J/ store in this cbject.
const String &String::operator+={ const String &right }
{
=ize t newLength = length + right.length; // new length

char *tempPtr = new char[ newhength + 1 ]; // create memory

stropy{ tempPtr, sPtr ); /{ copy sPtr
strepy{ tempPtr + length, right.sPtr }:; // copy right.sPtr

delete [] sPtr; J/ reclaim old space
sPtr = tempPtr; // as=ign new array to sPtr
length = newLength; // as=ign new length to length

return *this=; // enables cascaded calls

} // end function ocperator+=

© 2003 Prentice Hall. Inc.
All rights reserved.

// is this Btring empty?
bool SBtring::ocperator! () const

{

return length == 0; string L.cpp (4 of 8)
} // end function operator!

S/ i= this String egual to right String?
bool Btring::operator=={ conest String &right ) conet
£

return etremp( =Ptr, right.ePtr )} == 0;
} // end function operator==

S/f is this 8tring less than right String?
bool Btring::operator<{ const String &right } const
{

return stremp{ sPtr, right.sPtr } < 0;

100 1 // end function ocperator<

101

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.15: String class member-function and friend-function definition.
(part 2 of 4)
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102 // return reference to character in Btring as lvalue outline
103 char &String::operater[]{ int subsecript )} =
104 |

105 /[ test for subscript out of range string L.epp (5 of 8)
106 if { subseript < 0 || subseript >= length ) [

107 cout << "Error: Subscript * << subseript

108 << " gut of range® << endl;

109

110 exit{ 1 ); // terminate program

111 1

112

112 return sPtr[ subscript 1; // creates lwalue

114

115 1 // end function cperator[]

116

117 [/ zeturn reference to character in Btring as rvalue

118 const char &String::operater (] { int subseript } const

119 {

120 [/ test for subscript out of range

121 if { subseript < 0 || subseript »>= length } [

122 cout << "Error: Bubscript " << subscript

123 << " out of range" << endl;

124

125 exit{ 1 ); // terminate program

126 }

127

128 return sPtr [ subseript ]; // creates rvalue

128 © 2003 Prentice Hall, Inc.
130 1 // end funetion operator[] All rights reserved.
131

132 // return a substring beginning at index and
133 // of length sublength

134 String String::operator () { int index, int subLength ) string L.cpp (6 of 8)
135 {

136 J/ if index is out of range or substring length < 0;

137 // return an empty String chbject

138 if { index < 0 || index »= length || subLength < 0 )

139 return ""; // converted to a String cbject automatically
140

141 J/ determine length of substring

142 int len;

143

144 if { { subLength == 0 ) || ( index + sublength > length ) )}
145 len = length - index;

146 else

147 len = subLength;

148

149 J/ allocate temporary array for substring and

150 // terminating null character

151 char *tempPtr = new char([ len + 1 1;

152 '

153 J/ copy substring into char array and terminate string

154 strncpy( tempPtr, &sPtr[ index 1, len };

155 tempPtr[ len 1 = '\0';

© 2003 Prentice Hall, Inc.
All rights reserved.

47

Figure 3.16: String class member-function and friend-function definition.
(part 3 of 4)
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CASE STUDY: A STRING CLASS

S/ create temporary String object containing the substring
String tempftring( tempPtr };
delete [] tempPtr; [/ delete temporary array

return tempString; // return copy of the temporary String
} // end function operator()

// return string length
int String::getLength() const
{

return length;
} // end function getLenth

SF utility function called by constructors and operator=
void SBtring::set8tring{ const char *string2 )}
{
=Ptr = new char[ length + 1 1; // allocate memory
strepy{ sPtr, string2 ); // copy literal te cbject

¥ // end funetion setString

S/ overloaded output cperator
ostream &operator<<{ ostream &output, const Btring &s
{

output << s.sPtr;
return ocutput; [/ enables cascading
} // end function operator<<
[/ overloaded input ocperator
istream &operator=>{ istream &input, String &s )}
I

char temp[ 100 ]; // buffer to store input

input > setw({ 100 } >> temp;

2 = temp; J/ use 8tring class assignment cperator
return input; // enables cascading

} // end function cperator>>

Qutline

string L.epp (7 of 8)

© 2003 Prentice Hall. Inc.
All rights reserved.

string L.epp (8 of 8)

© 2003 Prentice Hall. Inc.
All rights reserved.

48

49

131

Figure 3.17: String class member-function and friend-function definition.
(part 4 of 4)
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i // Fig. B.9: fighB 09.cpp outline
2 S/ Btring class test program. —
3 #inelude <iostream>
4 figO8_09.cpp
5 using std::cout; (] Df4)
[+ using std::endl;
T
-3 #inelude ®"stringl.n®
a
10 int main()
11 |
12 String s1{ "happy® );
13 String s2{ " birthday"™ J);
14 String s3;
15
16 [/ test overloaded equality and relational operators
17 eout << "gl g \ "N KL gl oL "\ R gRcig O\ BE e gl
18 el PR L3 ds NN okugT g 1T
19 << "‘n\nThe results of comparing =% and =l:"
20 << "\ngd == 35l yields "
21 << { g3 ==81 /7 "true® : "false" }
22 << "\n=2 1= 51 yields ®
23 == (i3 1= 817 "true® 1 “fElse® )
24 << "\n=2 > =51 yields "
25 << {gFo5oRlT "true® : "falme™ )
© 2003 Prentice Hall, Inc.
All rights reserved.
26 << f\n=sd < 351 yields ®
27 <= {iE7 <el ¢ "true™ : "false"™ )
28 << "\ngd >= 51 yields ®
29 << { 82 >= &l 7 "true" : "false® } fig08_09.cpp
30 << "ing) <= gl yields ® (2 Df4)
b << ( 82 <= 81 % "trus® : "false® };
32
a3 [/ test overloaded String empty (!) operator
34 cout << "\ninTesting I=3:\n";
35
36 if ( 1e3 ) {
37 cout << %23 is empty; assigoing sl to s3;\n";
38 23 = g1; [/ test overloaded assignment
39 coul << Yg3 iz UL =<ogdowg AR
40 }
H
g [/ test overloaded S8tring concatenation operator
43 cout << "\ninsl += #2 yields =1 = ";
A4 sl += 82; [/ test overloaded concatenation
45 cout << =1;
46
47 // test conwversion ceonstructor
48 cout << "\mi\nsl += \" to you\" vields\m";
49 s1 += " to you"; // test conversion constructor
50 cout << "s1 = " << gl << "\n\n";

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.18: String class test program. (part 1 of 2)
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52

o Qutline
52 [/ test overleoaded function call cperator () for substring —
53 cout << "The substring of sl starting at\n®
54 << "locatien @ for 14 characters, sl(0, 14), is:\n" fig08_09.cpp
55 << g1{ 0, 14 ) << "\n\n"; (3of4)
56
57 [/ test eubstring "to-end-of-8tring® cpticn
58 cout << "The substring of =l starting atin®
59 << "lgeaticn 15, =115, 0), is:
60 << gif{ 15, 0 } =< ®"\n%n"; J/ 0 is "to end of string®
&1
62 J/ test copy constructor
63 String *sd4Ptr = new String( =1 );
64 cout << *\pn*=4Pbr = ® << *s4Ptr << "‘n'n®;
65
66 [/ test assignment (=) operator with self-assignment
67 cout << "assigning *s4Ptr to *s4Ptrin";
68 *gdPtr = *g4Ptr; [/ test overloaded assignment
69 cout << "¥zdPtr = " << *gdPtr << '‘n';
70
71 S/ test destructor
72 delete =4Ptr;
73

© 2003 Prentice Hall. Inc.

All rights reserved.

RE]

74 // test using subscript operator to create lvalue Outline
75 EE[0 1= oY = T
76 sl[ 6 1 = 'B';
i cout << "\nsl after .s1[0] = *H* and sl[6] = 'B* is: *® fig08_09.cpp
78 << gl << "\n\n"; (4Df4j
79
80 [/ test subscript ocut of range
81 cout << "Attempt to assign 'd' to =21[30] yields:" =< endl;
82 Ll 30 0= *dvy // ERROR: subscript out of range
83
B84 return 0;
85

86 1} // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.19: String class test program. (part 2 of 2)
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@ outine
g T

fig08_09.cpp
of3)

All rights reserved.

33

@ outine
g T

ig08_09.cpp.
@of3)

All rights reserved.

Figure 3.20: String class test program, output. (part 1 of 2)
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56
8l after s1[0] = 'H' and s1[6] = 'B' is: Happy Birthday to you ‘| o . %
utline
Attempt to assign 'd' to =1[30] wields: "
Error: EBubscript 30 out of range thS 9 cpp

(3of3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.21: String class test program, output. (part 2 of 2)

3.11 Overloading ++ and —

e Increment/decrement operators can be overloaded

— Add 1 to a Date object, d1
— Prototype (member function)

+ Date &operator++();
* +4d1 same as d1l.operator+--()

— Prototype (non-member)

« Friend Date &operator++( Date &);
* +4d1 same as operator+-+( d1 )

e To distinguish pre/post increment

— Post increment has a dummy parameter; int of 0
— Prototype (member function)

* Date operator++-( int );
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* d14+4 same as d1l.operator+-+( 0 )
— Prototype (non-member)

« friend Date operator++( Data &, int );
* d1++ same as operator+-+( d1, 0 )

— Integer parameter does not have a name; not even in function
definition

e Return values

— Preincrement

* Returns by reference (Date &)

« lvalue (can be assigned)
— Postincrement

* Returns by value
*x Returns temporary object with old value

« rvalue (cannot be on left side of assignment)

e Decrement operator analogous

3.12 Case Study: A Date Class

e Example Date class. The class uses overloaded preincrement and postin-
crement operators to add 1 to the day in a Date object, while causing
appropriate increments to the month and year if necessary.

— Overloaded increment operator; Change day, month and year
— Overloaded 4= operator
— Function to test for leap years

— Function to determine if day is last of month
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CASE STUDY: A DATE CLASS

// Fig. B.10: datel.h

S/ Date clasms definition.
#ifndef DATEL H

#define DATE1l_H

#include <iostream>

using std::ostream;

clase Date |

friend ostream &operator<<{ cstream &, const Date & };

public: 3 —
e e e e ke Note difference between pre.

S e and post increment.

void setDate{ int, int, in

Date &operator++{); [/ preincrement operator

Date operator++{ int }; [/ postincrement cperator

const Date &operator+=( int }; // add days, modify cbject

bool leapYear( int )} const; S/ i= this a leap year?
bool endOfMenth({ int } censt; // i= this end of meonth?

private:
int menth;
int day;
int year;

static const int days[]; [/ array of days per month

void helpIncrement(): Sf o utility function

}; // end class Date

#endif

137

61
Qutline
datel.h (1 of 2)
© 2003 Prentice Hall. Inc.
All rights reserved.
62

Qutline

datel.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.22: Date class definition with overloaded increment operator.
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Figure 3.23: Date class member-and friend-function
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CHAPTER 3.

// Fig. B.11: datel.cpp

J/ Date class member function definitions.

#include <iostream>
#include "datel.h”

OPERATOR OVERLOADING

63

QOutline

datel.cpp (1 of 5)

J/ initialize static member at file scope;

// one clase-wide copy

conet int Date::days[] =

G N T EE. N O (NG N, L, N, OO, N O s
// Date constructor
Date::Date( int m, int d, int ¥ }
{
setDate{ m, 4, ¥ );
} // end Date constructor
[/ =set month; day and year
void Date::setDate( int mm, int dd, int wvv }
{
month = ( mm »>= 1 && mm <= 12 ) ? mm : 1;
year = { yy >= 1900 && yy <= 2100 } 2 yy : 1900;
© 2003 Prentice Hall, Inc.
All rights reserved.
// test for a leap year outline
if ( month == 2 && leapYear( year ) )} =
day = { dd >= 1 && dd <= 25 } ? dd : 1;
else datel.cpp (2 of 5)
day = { dd >= 1 && dd <= days[ month ] )} 7 dd : 1;

1 // end function setDate

// overloaded preincrement cperator
Date &Date::ocperator++()
I

helpIncrement () ;

return *this; // reference return to

} [/ end function operator++
[/ overloaded postincremen perator; no
S/ integer parameter does not have a par
Date Date::operator++{ int )
{

Date temp = *this; // hold current =
helpIncrement () ;
J/ return unineremented, =saved, tempo
return temp; [/ wvalue return; not a

1 // end function operator++

ereate an lvalue

Postincrement updates object
and returns a copy of the
original. Do not return a
reference to temp, because it
is a local variable that will be
destroyed.

Also note that the integer

parameter does not have a
name.

© 2003 Prentice Hall, Inc.
All rights reserved.

definition. (part 1 of



3.12.

BB82888985288

65

138838

72

74

75

87

a9

£8 8

88988

CASE STUDY: A DATE CLASS 139

Qutline

S/ add specified number of days to date

const Date &Date::operator+={ int additicnalDays }
{ datel.cpp (3 of 5)
for { int i = 0; i < additionalDaye; i++

helpIncrement () ;
return *thie; J/ enable=z cascading
} // end function operatort+=

J/ if ‘the year is & leap year,; return true;
[/ otherwize, return false
bool Date::leapYear{ int testYear ) const
{
if { test¥ear % 2400 == 0 []
{ testYear % 100 != 0 && testYear % 4 == 0 } }
return true; /f a leap year
else

return false; // not a leap year

[/ end function leapYear

© 2003 Prentice Hall. Inc.
All rights reserved.

/{ determine whether the day is the last day of the month
bool Date::endOfMenth({ int testDay ) const
{

if ( month == 2 && leapYear( year ) ) datel.cpp (4 of 5)
return testDay == 25; // last day of Feb. in leap year

else
return testDay == days[ menth ];

} // end funetion end0fMonth

// function to help increment the date
void Date::helpIncrement {}
£
// day is not end of meonth
if { !endOfMonth{ day )} }
++day;

else

/{ day is end of month and month < 12
if ( month < 12 )} {
++menth;

day = 1:

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.24: Date class member-and friend-function definition. (part 2 of

3)
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CHAPTER 3. OPERATOR OVERLOADING

S/ last day of year
else |

++year;

month = 1;

day = 1;

[/ end function helpIncrement

109 // overloaded output ocperator

110 pstream &operator<<{ ostream &output, const Date &d )

L £
112
113
114
115
116
117
118
119
120
121
122 ]

static char *monthName[ 13 1 = [ "", "January"”,
"February®, "March®, "April®, "May", "June®;
"duly”®, "August", "Beptember", "COctocber®,

"November®, "December® }i

output << monthName[ d.menth ] << ' !

<< d.day << ", " << d.year;

return output; // enables cascading

// end function ocperator<<

67

datel.cpp (5 of 5)

©) 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.25: Date class member-and friend-function definition. (part 3 of

3)
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B.12: Eigh8 13.cpp
S/ Date cla=zs= test program.

#include <iostream>

usging std
uzing std::

out;

endl;

#include "datel.h® Jf/ Date classz definition

int main{)

I
Date
Date
Date

cout

cout

di;

J/ defaults to January 1, 1900

d2 12, 27,1887 ¥:
d3{ 0, 292, BO45 }; J/ inwalid date

=<

<<

<<

5d1 is " o= dl << "\nd2 iz " =< 43

"ynd3 - is " << 43;

"\nA\nd2 += 7 Gg "< { 42 += T };

d3.setDate{ 2, 28, 1932 };
cout << "\n\n d3 is " << d3;

cout << "\n++d3i is " << ++d3;

bate da{ 7, 13, 2002 };

cout

cout
cout

cout

cout

cout

<<

"‘n\nTesting the preincrement operator:\n®
modd is "o££ dd €€ '\n';

"trdd - is " << ++dd << \nY;

ogeis Wosegan

"in\nTesting the postincrement operator:\n®
= dd iz ® o=<-dd =< '\n';
Bdddd Gz "o dddd < ity

" dd4 is " << dd << endl;

return 0;

} // end main

Figure 3.26: Date class test program.

Qutline

figO8_12.cpp
(lof2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

figO8_12.cpp
(20f2)

© 2003 Prentice Hall. Inc.
All rights reserved.
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dl is January 1, 1900
d2 is December 27, 1992
d3 is January 1, 1900

d2 += 7 is January 3, 1993

d3 is February 28, 1992
++d3 is February 29, 1992

Testing the preincrement operator:
d4 ig July 13, 2002

++dd is July 14, 2002
de is July 14, 2002

Testing the postincrement operator:

44 is July 14, 2002
da++ is July 14, 2002
44 is July 15, 2002

CHAPTER 3. OPERATOR OVERLOADING

70
QOutline

figO8_12.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.27: Date class test program, output.

3.13 Standard Library Classes string and vec-

tor

We learned that we can build a String (Array) class that is better than the
C-style, char * strings (pointer-based arrays) that C++ absorbed from C.

e (Classes built into C++

— Available for anyone to use

— string ; Similar to our String class

— vector; Dynamically resizable array

e Redo our String and Array examples

— Use string and vector

e (lass string

— Header <string>, namespace std
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— Can initialize string s1(”hi”);
— Overloaded <<; cout << sl
— Opverloaded relational operators; == 1= >= > <= <
— Assignment operator =
— Concatenation (overloaded +=)
— Substring function substr
* sl.substr(0, 14); ; Starts at location 0, gets 14 characters
* S1.substr(15) ; Substring beginning at location 15
— Overloaded ]
* Access one character
« No range checking (if subscript invalid)
— at function
* sl.at(10)
* Character at subscript 10

« Has bounds checking; will end program if invalid (learn more
in Chapter 13)

The programs of Figs. B28HB.30reimplements the program of Figs. BI8H3.2T],
using standart class string.
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i J Fig. B.A3; fighh 13.cpp outline #
2 S/ Btandard library string class test program. —
3 #include <iostream>
4 figO8_13.cpp
5 using std::cout; (] Df4)
[+ using std::endl;
T
-3 #include <string>
9
10 wusing std::string;
11
12 int main()
13 |
14 string s1{ "happy® );
15 string s2{ " birthday" };
16 string s3;
17
18 [/ test overloaded equality and relational operators
19 ot << "al de \"U oL gl "\ R glodg \ RE g g
20 < W\E.. =3 e MY <X w3 <x T
21 << "\n\nThe results of comparing =2 and sl:"
22 << "\nsd == 351 yields "
23 << { g3 == 817 "true® : "false® }
24 << "\n=2 1= 51 yields "
25 << { =2 1= 8l 7 "true® : "false" }
© 2003 Prentice Hall, Inc.
All rights reserved.
26 << f\n=sd > 351 yields ®
27 <= (g7 el E "true™ iz "false™ )
28 << "%nasd < =51 yields ®
29 << {82 < 817 "true® : "false" ) figO8_13.cpp
30 << "ingd >= gl yields ® (2 Df4)
3t <= { B2 >= gl % "trus" 7 "false" )}
3z << "ing) <= gl yields "
33 << ( 82 <= 81 % "trus® : "false® };
34
35 // test string member function empty
36 cout << "\n\nTesting =s3.emptyv():\n";
37
38 if ( =3.empty() ) {
39 cout << "3 is empty; assigoing sl to s3;\n";
40 23 = gl; [/ assign sl to =3
41 cout << Vg3 g5 Vol g3 gl B\ wE,
42 }
43
A4 [/ test overloaded string concatenation operator
45 cout << "\n\nsl += =2 yields =1 = 9;
46 sl += 82; // test overloaded concatenation
47 cout << =1;
48

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.28: Standart library class string (part 1 of 2).
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49 /{ test overloaded string concatenation operator Outline £
50 S/ with C-style string —
51 cout << "\n\nsl += \" to youl” wyields\n";
52 gl += " to you"; fig08_13.cpp
53 cout << Pel = " << gl << @ipine, (1 Df‘”
54
B5 [/ test string member function substr
56 cout << "The substring of =l starting at location 0 forin®
57 << "14 characters, el.substr (D, 14), is:\n"
58 << gl.substr{ 0, 14 } << ®\n'\n®;
59
60 J/ test substr "to-end-of-string® optiocn
&1 cout << PThe substring of sl starting at\n"®
62 << ®"location 15, sl.substr{15), is:\n®
63 << gl.substr{ 15 } << '\n';
64
65 [/ test copy constructor
66 string *s4Ptr = new stringf{ =1 };
67 cout << "\n*=dPtr = " << *eiPtr << "\n\n";
68
69 [/ test assignment {=) operator with self-assignment
70 cout << "assigning *=4Ptr to *=4Ptri\n”;
71 *=dPtr = *s4Ptr;
72 cout << "t=iPtr = 7 << *=4Ptr << '‘n';
73

© 2003 Prentice Hall. Inc.

All rights reserved.

7

74 // test destructer Outline
75 delete =4Ptr: —
76
i J/{ test using subscript cperator to create lvalue figO8_13.cpp
78 el 01 = 'u'; (4Df4j
79 st 6 | = 2B
80 cout << "\nsl after =1[0] = 'H" and =1[6] = 'B* is: ®
81 =< gl =< "\n\n";
82
83 // test subsecript out of range with string member function "at®
B84 cout << "Attempt to assign 'd* to sl.at( 30 ) yields:" << endl;
85 sliat( 39 ) = *d'; /f ERROR: subscript out of range
86
87 return 0;
as
89 1 // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.29: Standart library class string (part 2 of 2).
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fig08_13.cpp
output (1 of 2)

fig08_13.cpp
output (2 0f 2).

All rights reserved.

Figure 3.30: Standart library class string, output.
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e (lass vector

— Header <vector>, namespace std

— Store any type; vector< int > myArray(10)

— Function size ( myArray.size() )

— Overloaded []; get specific element, myArray|3]

— Overloaded !=, ==, and =; inequality, equality, assignment

The programs of Figs. B3THZ34 reimplements the program of Figs. B8E.TI
using standart class vector.
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0N R W N -

.
e

25

EBBNR

31
32
33
34
35
36
37
38
39

4

EE R

45
16
a7

49

CHAPTER 3.

J/{ Fig. B8.14;: fig0B 14.cpp
J/ Demonstrating standard library class vector.

#include <iostream>

using std::cout;
using std::ein;

using std::endl;
#include <icmanip>
uszing std::setw;
#include <vector>
using =std::vector;

void outputVector { const veector< int > & };

void inputVector { vector< int > & };

int main ()
{
vector< int > integersl( 7 }; [ 7-element wvector< int >

vector< int > integers2{ 10 }; // 10-element vector< int >

// print integersl size and contents
cout << "Size of vector integersl is "
<< integersl.size()
<< "\mvector after initislizatiom:\m";

outputVector { integersl );

// print integers2 size and contents

cout << "\n3ize of wector integerszl is *®
<< integers2.size()
<< "\nveector after initialization:\n";

outputVector [ integers2 );

J/ input and print integersl and integers2

cout << "\nInput 17 integers:\n";

inputVeetor ( integersl );

inputVector{ integers2 );

cout << "\nAfter input, the wvectors contain:\n"
<< "integeral:\n";

cutputVector { integersl );

cout << "integersZ:\n";

cutputVector { integers2 );

(1=}

integersl

// use overloaded inequality operator

cout << "\nEwvaluating: 1= integers?\n®;

Figure 3.31: Standart library class

vector.

OPERATOR OVERLOADING

: g1
Outline
figO8_I4.cpp
(1 0f5)
© 2003 Prentice Hall, Inc.
All rights reserved.
52

figO8_I4.cpp
(2 0f 5)

© 2003 Prentice Hall, Inc.
All rights reserved.

(part 1 of 3)
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51 if { integersl != integers2 } Outline B
52 cout << "integer=l and integer=2 are not egualin®; —
53
54 J// create vector integers3 using integersl as an figO8_14.cpp
B5 Jf initializer; print size and contents (1 ofj)
56 vector< int > integers3( integersl ); // copy constructor
57
58 cout << ®"\n2@ize of wvector integer=3 iz *®
59 << integers3.size()
60 << "\nvector after initialization:\n";
&1 outputVector { integers=3 );
62
63
64 // use overloaded assignment (=) operator
65 cout << "‘\nAssigning integer=2 to integersl:\n";
66 integersl = integers2;
67

cout << "integersl:\n";
69 ocutputVector { integersl );

cout << "integers2:\n";
71 outputVector ( integersl );
72

© 2003 Prentice Hall. Inc.
All rights reserved.
24

73 // use overloaded equality [==) operateor Outline
T4 cout << "\nEvaluating: integersl == integers2\n"; = =
75
76 if ( integersl == integers2 ) fig08_l4.cpp
T cout << ®"integersl and integers2 are equalln®; (4 ofj)
78
79 [/ usme overloaded subscript cperator to create rvalue

cout << ®"\nintegersl[5] iz ® << integersi[ 5 ]:
81
82 /{ use overloaded subscript coperator to create lvalue
83 cout << "\n\nAssigning 1000 to integersl [5]1%\m™;
ad integersli[ 5 ] = 1000;
85 cout << "integersl:\n";
86 outputVector { integersl ) ;
a7
a8 [/ attempt to use out of range subscript
a9 ecout << "‘\nAttempt to assign 1000 to integersl.at( 15 1"
90 << endl;
91 integersl.at{ 15 ) = 1000; // ERROR: out of range
a3 return 0;

95 1 // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3.32: Standart library class vector. (part 2 of 3)
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97 // output wvector contents

98 woid outputVector{ const wector< int > &array )

99 I

100 for { dint i = 0; 4 < array.size(}; i++ ) [ flgOS_MCpp
101 cout << getw( 12 ) << array[ i 1; (5 Ofs)
102

103 if { (i + 1 ) % 4 == 0 ) // 4 numbers per row of output

104 cout << endl;

105

106 }- // end for

107

108 if {ids4 =00 )

i09 cout << endl;

110

111 1 // e=nd function outputVector

12

113 // input wvector contents

114 woid inputVeector( wecter< int > &array )

115 {

116 for { int 1 = 0; i < array.size(}; it++ )
117 ein >> array[ i 1;

118

112 1 // end function inputVector

©) 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3.33: Standart library class vector. (part 3 of 3)
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A ouine
[¥]

fig08_14.cpp
output (1 of 2).

All rights reserved.

A ouine
[¥]

 fig08_14.cpp
‘output (2 of 2)

All rights reserved.

Figure 3.34: Standart library class vector, output.
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Chapter 4

Object-Oriented Programming:
Inheritance

4.1 Introduction

e Inheritance

— Software reusability
— Create new class from existing class

x Absorb existing class’s data and behaviors
*x Enhance with new capabilities

— Derived class inherits from base class

x Derived class
- More specialized group of objects
- Behaviors inherited from base class; can customize
- Additional behaviors

e Class hierarchy

— Direct base class; inherited explicitly (one level up hierarchy)
— Indirect base class; inherited two or more levels up hierarchy
— Single inheritance; inherits from one base class

— Multiple inheritance; Inherits from multiple base classes (Base
classes possibly unrelated ); Chapter 22

e Three types of inheritance

— public

153
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x Every object of derived class also object of base class

- Base-class objects not objects of derived classes

- Example: All cars vehicles, but not all vehicles cars
x Can access non-private members of base class

- Derived class can effect change to private base-class mem-
bers

- Through inherited non-private member functions
— private

x Alternative to composition
x Chapter 17

— protected
x Rarely used

e Abstraction

— Focus on commonalities among objects in system; "is-a” vs. ”has-

a??

— 7ig-g8”
* Inheritance

x Derived class object treated as base class object

« Example: Car is a vehicle; Vehicle properties/behaviors also
car properties/behaviors

_ 77has_a77
x Composition

x Object contains one or more objects of other classes as mem-
bers

x Example: Car has a steering wheel

4.2 Base Classes and Derived Classes

e Base classes and derived classes

— Object of one class ”is an” object of another class

x Example: Rectangle is quadrilateral.
- Class Rectangle inherits from class Quadrilateral

- Quadrilateral: base class
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Rectangle: derived class

155

— Base class typically represents larger set of objects than derived

classes

x Example:

- Base class: Vehicle

Cars, trucks, boats, bicycles, ...

- Derived class: Car

Smaller, more-specific subset of vehicles

e Inheritance examples (see Fig. ETI)

9.2 Base Classes and Derived Classes

* Inheritance examples

Base class Derived classes
Student GraduateStudent
UndergraduateStudent
Shape Circle
Triangle
Rectangle
Loan CarLoan
HomeImprovementLoan
MortgageLoan
Employee FacultyMember
Staf fMember
Account CheckingAccount
SavingsAccount

© 2003 Prentice Hall, Inc, All rights reserved. - -

Figure 4.1: Inheritance examples

e Inheritance hierarchy (see Fig. Top)

— Inheritance relationships: tree-like hierarchy structure

— Each class becomes

« Base class; supply data/behaviors to other classes

* OR
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9
Fig. 9.2 Inheritance hierarchy for university Communi tyMembers.
| CommunityMember |
| Employee | | Student | | Alumnus | 1Snlll11§11'§.ancc
Single
|/Faculty | | staff ‘ inheritance
|Adm:i.nistrat0'r' | ‘ Teacher | _S_lnglgr,
\ / inheritance
s Multiple
| AdministratorTeacher | beriiatice
© 2003 Prentice Hall, Ine, All rights reserved. - -
10

Fig. 9.3 Inheritance hierarchy for Shapes.

‘ TwoDimensionalShape ‘Threeni_.mensionalshape‘

Triangle Tetrahedron

‘ Circle H Square ‘ ‘ Sphere H Cube ‘

© 2003 Prentice Hall, Inc. All rights reserved. - -

Figure 4.2: Inheritance hierarchy for university CommunityMembers and
Inheritance hierarchy for Shapes
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« Derived class; inherit data/behaviors from other classes

e public inheritance

4.3

Specify with:

Class TwoDimensionalShape : public Shape
Class TwoDimensionalShape inherits from class Shape (see
Fig. Bottom)

Base class private members

x Not accessible directly

* Still inherited; manipulate through inherited member func-
tions

Base class public and protected members; inherited with origi-
nal member access

friend functions; not inherited

protected Members

Protected access

e Intermediate level of protection between public and private

e protected members accessible to

Base class members
Base class friends
Derived class members

Derived class friends

e Derived-class members

Refer to public and protected members of base class; simply use
member names

4.4 Relationship between Base Classes and
Derived Classes

e Base class and derived class relationship
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1 S Fig. ‘9.4z pointsh Outline
2 J/ Point class definition represents an x-y coordinate pair. = _— O
3  #ifndef POINT H |

4 #define POINT H point.h (1 of 1)
5

6 class Point {

7

8 public:

8 Point{ int = 0, int = 0 ); // default constructor

10

11 void setX{ int ); J/ set x in: cocrdinate pair

12 int getI{) const; J/ return x from coordinate pair

13

14 wvoid set¥( int ); /{ =et y in coordinate pair

15 int get¥{) const; Jf return v from coordinate pair

16 —=

17 void print{)} const; // output Point cbject Malmaln-x_ and'y_

18 coordinates as private data
19 private: / members.

20 int x; f/ x part of coordinate pair

21 int ¥; // v part of coordinate pair

22

23 Y: // end class Point

24

25 #endif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.3: Point class header file

e Example: Point/circle inheritance hierarchy

— Point
x-y coordinate pair

— Circle
x-y coordinate pair

Radius

e Using protected data members

— Advantages
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(- BT B R I - )

Skl
LS B =

BREBesasdiaara

24
25

EBRBYR

a
32
33
34
35
36
37
38
38

Ea8 88

Tt AR - R A, TS Ao o)
// Point class member-function definitions.

#include <iostream>

uzing std::cout;

Hinclude "point.h® £/ Point class definition

Jf default constructor
Point::Point{ int xValue, int yValue }

X = xValue;

¥ = ¥Value;

} // end Peint constructor

J// set x in coordinate pair
void Point::setX{ int xValue )
{

x = xWValue; // no need for wvalidation

} /{ end functiocn setX

J/ return x from coordinate pair
int Point::getX{) const
{

return x;

} // end functicn getX

// #et ¥ in coordinate pailr
void Poink::set¥({ int ¥Value )
{

¥ = yValue; // no need for walidation
} // end function set¥
// return ¥ from coordinate pair
int Point::get¥ () const
{

return ¥;

} // end Function get¥

i| Qutline

point.cpp (1 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

point.cpp (2 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.4: Point class represents an xy-coordinate pair. (part 1 of 2)
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[ 17
45 [/ output Point object |‘ Outline
46 wvoid Peint::print{) censt
w1 i
48 coub €< Y[V weix w2 ", L2y < U] 0 [)Oim,Cpp (3 ofS)
49
50 Y // end function print

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.5: Point class represents an xy-coordinate pair. (part 2 of 2)
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1 Sl Fig. 9.6: pointtest.cpp Outline 18
2 // Testing class Point. —_—
3 Hinclude <iostream>
4 pointtest.cpp
L uzing std::cout; (] sz)
6 using std::endl;
7

; i . ; S
g Hinclude "point.h // Peint class definit CI?C'alcaPDint objcct.
10 int main(}
5 S ¢
12 Point peint{ 72, 115 }; J/ instantiate Point cbject
13
14 /[ display peoint coordinates
15 cout << "I goordinate ig " << peint.ge Invoke set functions to
16 << "\n¥ coordinabte iz " << pgd g m()dlf)’ p:ivat‘e.dala.
17
18 peint.setX{ 10 }; // set4k-coordinate
19 point.set¥( 10 }; // set y-cooy Invoke pub1ic function
= ‘ ) print todisplay new
21 /[ display new peoint 3 o
22 cout << "\n’\nTh ew leogaticn d coordm_a_ltes.
23 point.print{);
24 cout << endl;
25

) 2003 Prentice Hall, Inc.
All rights reserved.

26 return 0; // indicates successful terminatiocn Outline
27 —
28 } // end main
I coordinate is 72 [}Dimlcs!‘cpp
¥ coordinate is 115 (2 sz)
The new locatien of peoint is [10, 10] [}DimlCSLCpp

output (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.6: Point class test program.
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4.4.1 Creating a Circle class without using inheritance

i S/ Fig. 8.7: circle.h Outline
2 [/ Circle clase contains x-y coordinate pair and radius. | =S
3 #ifndef CIRCLE T

4  #define CIRCLE H circle.h (1 of 2)
5

6 ‘class Circle {

7

8 public:

9

10 // default constructor

11 Cirele{ int = 0, int = 0, double = NOI:E ol i P.bint

12 il

13 void setX{ int }; f set S

14 int getX{) const; // return x from coordinate pair

15

16 void set¥{ int }; [/ set ¥y in cocrdinate pair

17 int get¥() const; // return y from cocrdinate pair

18

19 wvoid setRadius{ double }; [/ set radius

20 double getRadius () const; /f return radius

21

22 double getDiameter (} const; // return diemeter

23 double getCircumference() const; // return circumference

24 double getArea() ceonst; /f return area

25

© 2003 Prentice Hall. Inc.
All rights reserved .

26 void print()} const; JLenteut Cirele ahdest Outline
¥]

o7 Maintain x-y coordinates and
28 private: radiusas private data
20 int x; x-coording members. circle.h (2 of 2)

30 int ¥; A£f v-coordinate of Circle's Center
a double radius; / txrple's radius

3z Note code similar to Point
33 1; // end class circle code,

34

35 #endif

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.7: Circle class header file.
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1 SFig. 908 cirgle. cpp

2 J/ Circle class member-function definitions.
3 Hinclude <iestream>

4

L uzing std::cout;

6

T Hinclude "circle.h®™ £f Circle class definition
8

9 JJ default constructor

10 Circle::Circle{ int xValue, int yValue, double radiusValue )
5 S ¢

12 x = xValue;

13 ¥ = yValue;

14 setRadius{ radiusValue );

15

16 1 // end Circle constructer

17

18 // =et x in coordinate pair

19 ‘wvoid Cirele::setX({ int xValue }

20 |

21 ¥ = xValue; // no need for wvalidation

2=

23 } // end function seti

24

25 // return x from coordinate pair

26 int Circle::geti() const
27 |

28 return x;

29

30 } // end functicn getX
31

32 // 2et ¥ in coordinate pailr
33 wvoid Circle::set¥{ int yValue )

34 {

35 ¥ = yValue; // no need for walidation
36

37 } // end functiocn set¥

38

39 // return v from coordinate pair
40 int Circle::get¥Y() const

44

42 return ¥;

43

44 } // end function get¥
45

Figure 4.8: Circle class contains an xy-coordinate pair
1 of 2)

18]
(8]

Qutline

circle.cpp (1 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle.cpp (2 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

and a radius. (part
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46 // set radius Outline
47 woid Circle::setRadius{ double radiusValue } = "
48 |
48 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue }; circlc‘cpp (3 of4)
50
51 ¥} // end funetien setRadius
a2 Ensure non-negative value for
5 // return radius radius.
54 double Circle::getRadius{) const
55 |
56 return radius;
57
58 1 // end funectien: getRadius
59
B0 // calculate and return diameter
61 double Circle::gethiameter{) conat
62
63 return 2 * radius;
64
65 1 // end function getDiameter
66
© 2003 Prentice Hall. Inc.
All rights reserved.
25
67 J// calculate and return circumference
68 double Circle::get@ircumference(} const
68
70 return 3.14152 * getDiameter(); circlc‘cpp (4 of 4)
sl
72 ¥ [/ end function getCircumference
73

74 // ecaleulate and return area

75 double Circle::gethArea() const

7%

bzd return 3.14159 * radius * radius;
78

79 T // end functicn getArea

81 // output Circle cbject

82 woid Cirecle::print(} const

B3

84 cout << "Center = [ << 2 << ", " << y << ']°
85 << ": Radius = " << radiue;

86

87 1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.9: Circle class contains an xy-coordinate pair and a radius. (part
2 of 2)
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1 S Fig. 9.9: cirgletest.cpp Outline
2 /[ Testing class Circle. —_—
3 Hinclude <iestream>
4 circletest.cpp
L uzing std::cout; (] Of2)
6 using std::endl;
T uzing std::fixed;
8
-] Hinclude <iomanip>
10
11 using std::setprecision;
12
13 #Hinclude "circle.h™ // Circle class defind Create c:i.':_r:clé'objcct.
14
15 int main(}
16 {
17 Circle eirclel 37, 43, 2.5 }; // instantiste Circle cbject
18
19 /[ dieplay point coordinates
20 cout << "I coordinate is 7 << circle.getX({}
21 << "\n¥ coordinate i= " << egircle.get¥()
22 << "inRadius i= " << eirecle.getRadius();
23
© 2003 Prentice Hall. Inc.
All rights reserved.
24 circle.setX{ 2 }; /f set new x-coordinate Outline
25 circle.set¥{ 2 }; // set new y-coordinate —_—
26 cirecle.setRadius{ 4.25 ); ~/{/ set new radius
27 = i
28 /[ display new point wvalue Use set functions tOdei.fy (C'l)rg:;i-‘il-cpp
29 gout << "\n\nThe new location and private data. T
:? BB TS e | Invoke publie function
32 Jf display floating-point values w prin‘_t‘ t‘Qdisplay new
a3 cout <= fixed << setprecision{ 2 ) cbordmatc‘s.
34
35 /[ display Circle's diameter
36 cout << "‘\nDiameter iz " << gircle.getDiameter(];
37
38 J/ display Circle's circumference
39 cout << "\nlircumference is " << gircle.getCircumferencel(};
40
41 /[ display Circle's area
42 cout << "‘nArea is " << circle.getArea(};
43
44 cout =< endl;
45
46 return 0; [/ indicates successful termination
47

48 } // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.10: Circle class test program. (part 1 of 2)
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4.4.2 Point/Circle Hierarchy using Inheritance

| 28
I coordinate is 37 :
¥ coordinate is 43 OUtllne

Radius is 2.5

circletest.cpp
output (1 of 1)

The new locatieon and radius of circle are
Center = [2, 2]; Radius = 4.25

Diameter is 8.50

Circumference is 26.70

Area is 56.74

© 2003 Prentice Hall. Inc.
All rights reserved.

1 S Fig. 9010z cireledih Outline
2 J/ Circle? class contains x-y coordinate pair and radius. |‘ —
3 Hifndef CIRCLEZ H

4 #define CIRCLEZ H Class Cirele2 inherits from circle2.h (1 of 2)
= / class Point.

6 #include "peoint.h® [/ Pgifit class

7

8 class Cirele2 i publiec Peint {

9

10 public: u\

i Keyword public indicates

12 J/ default constructor typcofinheritance.

13 Cirele2( int = 0, int = 0, dou

14

15 woid setRadius( double }; /[ set radius

16 double getRadius()} const; A f return radius

17

18 double getDiameter{} const; [/ return diameter

19 double getCircumference() const; // return circumference

20 double getArea({) const; return area

21 Maintain private data

22 wvoid print () const; /Y 4 member radius.

23 /

24 private:

25 double radius; [/ Circle?'s radius

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.11: Circle class test program. (part 2 of 2) and Circle2 class
header file. (part 1 of 2)
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l 30
Quitline

¥; // end class Circle2

BRBYY

Hendifr circle2.h (2 of 2)

circle2.cpp (1 of 3)
L FLg. 90015 cirelel.cpp

JJ Circle? class member-function definitions.
Hinclude <iostream>

uzing std::cout;

Hinclude "circlel.h® Af Circle2 class definition

O 0~ O R QRN S

JJ default constructor
10 Circle2::Circle2( int xVi

Attempting to access base
Y class Point'sprivate )

L data members x and y results
T R in syntax errors.

13 ¥ = yValue;

14 setRadius{ radiusValue );

15

16 } // end Circle?2 constructer

17

© 2003 Prentice Hall. Inc.
All rights reserved.

/1 set Tadius Qutline ¥

void Circle2::setRadius{ double radiusValue )

1

radius = { radiusValue < 0.0 7 0.0 : radiusValue ); Circlt‘.z.cpp (2 0f3)

} // end functicn getRadius

EBERBREBEs

25 /J/ return radius

26 double Circle2::getRadius() const
27 {

28 return radius;

29

30 } // end functicn getRadius

31

32 // calculate and return diameter

33 double Cirele2::getDiameter{] ceonst

3

35 return 2 * radius;

36

37 } // end function getDiameter
38

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.12: Circle2 class header file (part 2 of 2) and Private base-class
data can not be accessed from derived class. (part 1 of 2)
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39 // caleulate and return circumference Outline 4z
40 double Circlel::getCircumference{) const —_—
41
42 return 3.14152 * getDiameter(); circleZ.cpp (] of ’;)
43
44 ¥ // end function getCircumference
45
46 [/ ecaleculate and return area
47 double Circle2::getArea{) const
48
49 return 3.14152 * radius * radius;
50
51 | // end function gethArea Attempting to access base
52 class Point’s private
53 // output Circled cbject data members x and y results
54 woid Cirecle2::print{) const in syntax errors.
55 |
56 oout << "Center = [" <% x << ", % <o g o< 1]
57 << "; Radius = " << radius;
58
58 1 // end function print
© 2003 Prentice Hall. Inc.
All rights reserved .
C:\cpphtpd\examples\ch03\CircleTest\circle2.cpp (12} : error C2248: 'x" Outline 33
cannot access private member declared in class 'Point! Yo esaleffl
C:\cpphtpd\examplesicho9\ciraletest\point.h(20)
gee declaration of 'x!' .
circle2.cpp

C:\epphtpd\examples\ch09\CircleTest\cireled. opp (13) : output (1 of 1)
cannot access private member declared in class 'Point!
C:\cpphtpd\examplesich09\circletest\point.h (21)

see declaration of 'y!

C:\cpphtpd \examples\ch094CirclelTest\circlel.cpp (56} v error C2248: 'x' :
cannot access private member declared in class 'Pointd
C:\cpphtpd\exampleshchid\circletest\point.h (20
see declaration of 'x!'
C:\cpphtpd\examples\ch09\CircleTest\circleZ.cpp (56) C2248: "y'

cannot access private member declared in clase 'Point!
C:\cpphtpd\exampleschi09\circletest\point.h (21) .

Attempting to access base
mee declaration of 'y' class Point’s pri‘U’Bte
data members x and y results
in syntax errors.

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.13: Private base-class data can not be accessed from derived class.
(part 2 of 2)
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4.4.3 Point/Circle Hierarchy using protected data

(- BT B R I - )

i a
- o

12

(- BT B R I - )

i
- o

12

' 34
LTI S TparnEdvh || Outline
J// Point2 class definition represents an x-y coordinate pair. —_—
Hifndef POTNTZ H
#define POTNTZ X point2.h (1 of 1)

clase Point2 [

public:

Point2{ int = 0, int = 0 }; // default constructor

void setX({ int }; // set x in: coordinate pair

int getI() const; /J/ return x frem ccordinate pair
woid set¥{ int }; /f set ¥ in coordinate pair

int get¥() const; i

] Maintain x- and y-

// o coordinates as protected
data, accessible to derived
protected: classes.

int x; // x part of coordinate pair

wvoid print() co

int ¥; // v part of coordinate pair
}; // end class Point2

Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

LFIg. 90 ‘poinkd opp Outline

J// Point2 class member-function definitions.

#include <iostream>
point2.cpp (1 of 3)
uzing std::cout;

Hinclude "pointz.h® £f Point2 class definition

JJ default constructor
Point2::Point2({ int xValue, int yValue }

X = xValue;

¥ = ¥Value;
} // end Point2 constructor
J// set x in coordinate pair
wvoid PointZ::setX({ int xValue }
{

x = xWValue; // no need for wvalidation

} /{ end functiocn setX

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.14: Point2 class header file.
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25 int Point2::geti{) const

24 // return x from coordinate pair Outline ®
V]

26 1 —

a7 return x; point2.cpp (2 of 3)
28

29 } // end function getX

30

31 // =et ¥ in coordinate pair
32 woid Point2::set¥( int yValue )

33

34 ¥ = yValue; // no need for wvalidation
38

36 T // end function set¥

37

38 // return y from coordinate pair
39 int PointZ::get¥() const
{

return ¥;

} // end function get¥

E&asid

© 2003 Prentice Hall. Inc.
All rights reserved .

46 woid Peoint2:iprint{) const
47 |

45 // output Point2 cbject Outline ¥
¥]

cout €< '[' %< x €< ", " <<y << ]'; poim2.cpp(3 of 3)

1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.15: Point2 class represents an xy-coordinate pair as protected
data.
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RELATIONSHIP BETWEEN BASE CLASSES AND DERIVED CLASSES1T1

(- BT B R I - )

-
o

26
27
28
28

SFig. 9.4 cireled.h

JJ Circle3 class contains x-y coordinate pair and radius.

H#ifndef CIRCLE3 H

Qutline

fidefine CIRCLES H

Hinclude "point2.h® Point2

| Class cirele3 inherits from
class Point2.

circle3.h (1 of 2)

class Circle3 : public Point2 {

public:

// default constructor
Cireled( int = 0, int = 0,

wvoid setRadius( double );
double getRadius() const;

double getDiameter{} const;
double getCircumference(} const;
double getArea() const;

double = 0.0 };

/[ met radius

[{ return radius

[/ return diameter
S/ Teturn ecircumference

return area

void print() const;

Maintain private data
member radius,

private:

double radius;

¥; // end class Circles

Hendif

Figure 4.16:

[/ tircle3's radius

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle3.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Circle3 class header file.

38

39
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1 S Fig. 9.15: cireled.cpp

2 J/ Circle3 class member-function definitions.

3 #include <iostream>

4 circle3.cpp (1 of 3)
5 uging std::cout;

6

: finslude Toirelelnt MO I implicitly
B iideaes st calls base class’s default
10 Qircled::Circle int e, CO“S__LHJCI.O_I"

11 { protected in base Class
12 x = xValue; Point2.

13 ¥ = yValue;

14 setRadius( radiusValue };

15

16 1 [/ end Cirecle3 constructor

17

18 [/ set radius

19 woid Circle3::setRadius( double radiusValue }

20 [

21 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue };
22

23 Y} // end function setRadius

24

© 2003 Prentice Hall. Inc.
All rights reserved.

25 // return radius Outline
26 double Circled::getRadius{) const —_—
27 |

28 return radius; circle3.cpp (2 of 3)
29

30 } // end function getRadius
31
32 // caleulate and return diameter

33 double Circle3d::getDiameter{) const

34

a5 return 2 * radius;

36

37 Y // end function getDiameter
38

39 // calculate and return circumference

40 double Cirecled::getCircumference() const

41

42 return 3.14152 * getDiameter();
43

44 } // end function getCircumference
45

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.17: Circle3 class that inherits from class Point2.
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46
47
48
48
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Figure 4.18: Protected base-class data can be

/[ caleulate and return area

double Circle3::getArea() const

{

return 3.14159% * radius * radius;

} // end function getArea

/[ output Circle3 object
veid Cirecle3::print() const
{
ceoubt << "Center =
<< "; Radius =

} // end function print

/Il Fig. 9.163:

/[ Testing clase Circle3.
fHinclude <iostream>
uzing std::cout;

using std::endl;

using std::fixed;
fHinclude <icomanip>

uging std::setpreci=ion;

#include "circled.h”

int main(}

{

Cirnlad airetal 37, 43, 3.5 };

[" << x << ",

S/ Circle3 class

Outline

circle3.cpp (3 of 3)

Access inherited data
members x and y, declared
protected in base class
Point2.

Eoge g 1T

" << radius;

circletest3.opp

© 2003 Prentice Hall, Inc.
All rights reserved.

Outline

circletest3.cpp
(10f2)

Create Circle3 object.

J/ instantiate Circle

// display point coordinates

cout << "I coordinate is

" << gircle.getX ()

<< "\n¥ coordinate is " << circle.get¥()

<< "inRadius is " << egirecle.getRadius{};

(part 1 of 2)

ecf

Use inherited get functions to
access inherited protected

| Use cirele3 get function to
‘access private data

radius.

© 2003 Prentice Hall, Inc.
All rights reserved.

RELATIONSHIP BETWEEN BASE CLASSES AND DERIVED CLASSES173

43

accessed from derived class.
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24 eirele.setX{ 2 ); [/ =et new x-ccordinate Outline
25 circle.set¥{ 2 ); new y- rdinate —_—
26 cirele.setRadius( £4.25 ); set new rag Use inherited set functions to

27 \ modifv inherited circletest3.cpp
28 J// display new point walue Use C¢irele3 set function to (20f2)

29 cout =< "\n\nThe new location and radius modlfy private data

30 eircle.print{); radius.

a

3z [/ display floating-point wvalues with 2 digits of precisicn

33 cout << fixed << getprecision( 2 };

34

35 // display Circle3's diameter

a6 cout =< "\nbiamster is " << circle.getDiameter();

a7

aa J/ display Circle3's circumference

39 cout =< "‘nlircumference iz " << girele.getCircumferencef{);

40

41 [f display Circle3's area

42 cout €< "\nArea is " << gircle.getBreal);

43

44 cout << endl;

a5

a6 return 0; f/ indicates successful termination

a7

48 Y // end main

© 2003 Prentice Hall. Inc.
All rights reserved .

I coordinate is 37 Outline

¥ coordinate is 43
Radius is 2.5

circletest3.cpp
output (1 of 1)

The new location and radius of circle are
Center = [2, 2]; Radius = 4.25

Diameter is 8.50

Circumference is 26.70

Area is 56.74

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.19: Protected base-class data can be accessed from derived class.
(part 2 of 2)
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x Derived classes can modify values directly
% Slight increase in performance; avoid set/get function call
overhead

— Disadvantages

x No validity checking; derived class can assign illegal value
x Implementation dependent
- Derived class member functions more likely dependent on
base class implementation
- Base class implementation changes may result in derived
class modifications; fragile (brittle) software
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4.4.4 Point/Circle Hierarchy using private data

Class Point3 (Figs. E2Z0HLZT]) declares data members x and y as private
and exposes member functions setX, getX, setY, getY and print for
manipulating these values.

4.5 Case Study: Three-Level Inheritance Hi-
erarchy

Three level point/circle/cylinder hierarchy
e Point
— x-y coordinate pair
e Circle

— x-y coordinate pair

— Radius
e Cylinder

— x-y coordinate pair
— Radius
— Height

Derive class Cylinder from class Circle4. Class Cylinder should redefine
member functions getArea and print member functions. Figs.
present class Cylinder, which inherits from class Circle4. We were able to
develop classes Circle4 and Cylinder much more quickly by using inheritance
than if we had developed these classes ”from scratch”. Inheritance avoids
duplicating code and the associated code-maintenance problems.
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. 47
Outline

point3.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

48
Qutline

point3.cpp (1 of 3)

1 L -Fig. 8. 17: ‘pernti.h
2 /f Peint3 eclase definition represents an x-¥ coordinate pair.
3 fifndef POINTZ 1
4 fidefine POINT3 H
5
& class Point3 [
T
8 public:
] Point3{ int = 0, int = 0 }; [/ default constructer
10
11 void eetX{ int }; /f =et x in coordinate pair
12 int getI{} const; // return x from coordinate pair
13
14 void set¥{ int }; /! =et ¥ in coordinate pair
1= int get¥{) const; § i = i
16 Better software-engineering
17 woid print() copst; // |Practice: private ovef
18 protected when possible.
18 private:
20 int x; // x part of coordinate pair
21 int ¥; /J/ v part of coordinate pair
22
23 }; // end class Point3
24
25 Hendif
1 LoFIg. S0 ‘poinkd . opp
2 J// Point3 class member-function definitions.
3 Hinclude <iestream>
4
L uzing std::cout;
6
. ety = 3 SR
; Hinclude "point3.h /f Point3 class definitigf Me.r.nberinitializ.crs specify
9 JJ default constructor 'val_u_c's Of'xmd Y.
10 Point3::Point3{ int xValue, int ue )
1 : x{ xValue }, y( yValue )
12 |
13 J[ empty body
14
15 1 // end Point3 conetructor
16

17 // set x in coordinate pair
18 woid Point3::setI{ int xValue }
18 |

x = xWValue; // no need for wvalidation

20
21
22 } // end functiocn setX
23

© 2003 Prentice Hall. Inc.
All rights reserved.

177

Figure 4.20: Point3 class header file. Point/Circle Hierarchy Using private

Data
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24
25

BBYR

a
3z
3z
34
a5
36
ar
as
39

E&asid

J/ return x from coordinate pair Outline

int Peint3::getI{) const
{

return x; [)Oiﬂﬂ.Cpp (20f3)

1 // end function getX

[/ =et ¥y in coordinate pair
void Point3::set¥{ int yValue )
{

¥ = yValue; // no need for walidation
} // end function set¥
J/ return ¥y from coordinate pair
int Point3::get¥ ()} const
{

return y;

} // end function get¥

© 2003 Prentice Hall. Inc.
All rights reserved .

void Point3::print{) const

{

J/ output Point3 cbject Outline %
¥]

cout << " [f << getI{) << ", " << get¥{) << ]°; point3.cpp (3 of 3)

1 // end function print

‘ Invoke non-private
member functions to access
private data.

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.21: Point3 class uses member functions to manipulate its private

data.
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1 S Fig. 9.19;: cireledh Outline

2 JJ Circled class contains x-y¥ coordinate pair and radius. —_—

3 Hifndef CIRCLE4 H

: fles il Class ¢ircle4 inherits from circled.h (1 0f 2)

[} fiinclude "point3.h® [/ oint3 class Point3.

7

8 class Circled4 : public Point3 {

]

10 public:

11

12 // default constructor

13 Cirecled4 ( int = 0, int = 0, double = 0.0 };

14

15 wvoid setRadius( double ); [/ set radius

16 double getRadius() const; [{ return radius

17

18 double getDiameter{} const; // return diameter

19 double getCircumference(} const; // return circumference

20 double getArea() const; return area

21 Maintain private data

22 void print() const; /4 4 member radius,

23

24 private:

25 double radius; [/ Circled's radius
) 2003 Prentice Hall, Inc.
All rights reserved.

52

26

27 }: // end class Circled

28

29 Hendif circled.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.22: Circle4 class header file.
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LT T = T R R S )

b
e

24
25

BBYR

a
3z
3z
34
a5
36
ar
as
39

E&asis

S/ Fig. 9.20: circled.cpp Outline
[/ Circled clase member-function definitions. 1 =S
|

#include <iostream>

circled.cpp (1 of 3)

uging std::cout;

#include "circled.h® // Circled ¢

Base-class initializer syntax

passes arguments to base class
[/ default constructor Point3.
Circled::Cireled ( in

: Point3 ( xValue, yValue ) /f eall base-class constructor

Value, int yVi

setRadius( radiusValue };
1 // end Circled constructor
[/ eet radius
wvoid Circled::setRadius( double radiusValue )}
{

radius = { radiusValue < 0.0 ? 0.0 : radiusValue );

} // end function setRadius

© 2003 Prentice Hall. Inc.
All rights reserved .

double Circled::getRadius() const
{

// return radius Qutline

return radius; circled.cpp (2 of 3)

} // end function getRadius

Invoke function getRadius
rather than directly accessing
‘data member radius.

J/ caleulate and return diameter

double Circled::getDiameter const

return 2 * getRadius={();
1 // end function getDiameter
J/ calculate and return circumference
double Circled::getCircumference{) const
{

return 3.14152 * getDiameter();

} // end funetion getCircumference

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.23: Circle4 class that inherits from class Point3, which does not
provide protected data. (part 1 of 2)
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45 // caleulate and return area Outline

46 double Cirecled::getArea{) const |
4 |
48 return 3.1415% * getRadius() * getRadiusill- : : circle4.cpp (‘} 0f3)
49 ' Redefine class Point3’s
50 ¥ // end function getArea member function_print.
5 Invoke function getRadius
52 // output Circled object
: - hg
53 weoid Circled::print() const Inv'okc_ basef‘?lass li:o:.n‘t.3 i
51 | print function using binary
55 cout << "Center = ® scope-resolution operator
56 Point3::print(); [/ inwvéke P (: )
57 cout << "; Radius = " << getRadius();
58
59 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.

‘ | E 5
1 Jf Fig. 89.21: circletestd.cpp | Outline
2 /[ Testing clase Circled. =S
3 fHinclude <iostream>
4 circletestd.cpp
5 uzing std::cout; (] sz)
[ using std::endl;
x using std::fixed;
8
] fHinclude <icomanip>
10
11 uging estd::setprecision;
12
13 #include "circled.h” [/ Circled class defd Create Circled Obj_CCt:
14
15 int main({}
1% { Use inherited get functions to
17 Circled sirele{ 37, 43, 2.5 }; [/ instantiate Circle =ct| access inherited protected
P
18 | Use cirele3 get function to
19 /f display puintﬂccord::.nates ‘ et privat.é ot
20 cout << "I coordinate i=s " << gircle.getX(} B
i . . radius.
21 << "\n¥ coordinate is " << circle.get¥()
22 << "inRadius is " << girecle.getRadius{);
23

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 4.24: Circle4 class that inherits from class Point3, which does not
provide protected data. (part 2 of 2)
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24 cirele.setX{ 2 ); [/ =et new x-coordinate

25 circle.set¥{ 2 ); new y- rdinat

26 circle.setRadius( .25 }; =i/ set new rad USEinherﬂed set functions to
27 \ maodify inherited circletestd.cpp
28 J/ display new cirecle value Use Cirele3 set function to {(20[2)
29 cout << *\n\nThe new location and radius |medify private data

30 eirele.prinei{); radius.

3

3z Jf display floating-point values with 2 digits of precision

33 cout =< fixed << setprecision{ 2 );

34

35 J/ display Circled's diameter

s cout << “\nDiameter iz " << gircle.getDiameter();

ar

a8 /i display Circled's circumference

39 cout << "‘nlircumference is " << girele.getCircumferencel};

40

& [/ display Circled's area

a4z cout << "‘nArea is " << circle.getBArea(};

43

44 cout << endl;

45

46 return 0; f/ indicates successful termination

47

48 Y} // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

I coordinate is 37 Outline
¥]

¥ coordinate is 43
Radius is 2.5

circletestd.cpp
output (1 of 1)

The new location and radius of circle are
Center = [2, 2]; Radius = 4.25

Diameter is 8.50

Circumference is 26.70

Area is 56.74

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.25: Base class private data is accessible to a derived class via
public or protected member function inherited by the derived class.
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S Fig. 9225 evlinder.h
// Cylinder class inherits from class Circled.

Hifndef CYLINDER H

H#define CYLINDER H Class Cylinder inherits

from class circled.

Hinclude "circled.h® Circled

class Cylinder : publiec Circled {

public:

// default constructor

Cylinder { int = 0, int = 0, double = 0.0, double = 0.0 };

void setHeight{ double }; // set Cylinder's height
double getHeight() const; // return Cylinder's height

double getArea{} const; /! return Cylinder's area

double getVolume() const; // ¢ Maintain privai:e data

member height.

void print() const;

private:
double height; // Cylinder's height

}; // end class Cylinder

Hendif

Jf Fig. 9.23: cylinder.cpp
/[ Cylinder class inherits from eclass Circled.
H#include <iostream>

using etd::cout;

Hinclude "cylinder.h™ // Cylinder class definition

/[ default constructor

Cylinder::Cylinder{ int xValue, i ¥Value,| Circled

Base-class initializer syntax
passes arguments to base class

double heightValue }

: Cireled4 ( xValue, yValue, radiusValue )

setHeight { heightValue };

} /¢ end Cylinder constructor

; 60
Outline
cylinder.h (1 of 2)
© 2003 Prentice Hall. Inc.
All rights reserved.
61

Qutline

cylinder.h (2 of 2)

cylinder.cpp
(1of3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.26: Cylinder class header file.

183
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BREBea

25

BBYE

a1
3z
a3
34
35
36
37
s
39

a0
a1

42
43
a4
45
a6

a7
a8
a9
50
51
52
53

// set Cylinder's height Outline
void Cylinder::setHeight{ double heightValue } —_—
{

height = ( heightValue < 0.0 7 0.0 : heightWValue ); cylinder‘cpp

(20f3)

} // end funetieon setHeight

// get Cylinder's height
double Cylinder::getHeight{) const
{

return height;

1 // end function getHeight /| Redefine base class 5
Invoke base-class pr function

/i redefine Circled function geth ‘/t.d/ C-j_rc_:lell'-s getArea

double Cylinder::getAreal() o t functiou us'mg_ binaf}r scope- area,

{ resolution operator (s = ).

return 2 * Circled::gethArea{} +
getCircumference () * getHeight()};

1 // end function gethArea

© 2003 Prentice Hall. Inc.
All rights reserved.

- 63
Qutline
i

[/ ealeulate Cylinder volume
Invoke base-class

Circled’s getArea
function using binary scope-

double Cylinder::getVolume() con
{

return Circled::getBArea() * getHeight{) j 3 : cylinder.c
resolution operator (z 1 ). y g PP
(3 of 3)
} // end function getVolume /| Redefine class Circled's
: nt.

J/ output Cylinder object / IU.‘"OkC bas:?-clasls =
void Cylinder::print() cons 31:1351.9‘% sprint ncn‘on
{ using binary scope-resolution

Cireled::print(); operator (5 : )

cout. €< "; Height = " << getHeight();

} // end function print

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 4.27: Cylinder class inherits from class Circle4 and redefines mem-
ber function getArea.
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EBRER

a1
32
a3
34
35
36
37
38
38

86ESEGEER

£/ Fig.
// Testing class Cylinder.

9.24: eylindertest.cpp

#include <iostream>

uzing std::cout;

using std::endl;

uzing std::fixed;
Hinclude <iomanip>
using std::setprecision;
fiinclude "cylinder.h™ [/ Cylinder class definition
int main(}

{
/[ instantiate Cylinder ocbject

Qutline

cylindertest.cpp
(1of3)

Invoke indirectly inherited

Cylinder cylinder{ 12, 23, 2.5, 5.7 }; Bos nE3 manher fnchons.
I Lo divantls fabouitad
// display point coordinates Invoke Cylinder member
cout << *I coordinate is * << cylinder.getI() function.
<< "\nY coordinate i= " << gylinder.get¥(
<< "\nRadius i= " << gylinder.getRadius{()
<< "\nHeight is " << cylinder.gstHeight (};
© 2003 Prentice Hall. Inc.
All rights reserved.
cylinder.setX( 2 ); [/ set new x-r.‘oordi_nate - Outline
cvlinder.sst¥( 2 )i :%w- Invoke indirectly inherited —_—
cylinder.setRadius{ 4.25 }; sef new [BodinEd her flinctione
cylinder. Invoke directly inherited cylindertest.cpp

setHeight( 10 ); W

/[ display new cylinder walue

Invoke Cylinder member

(20f3)

function.
cout. << "\ninThe new location and radiu =

cylinder.print(); ‘\

/] display floating-point walues|

Invoke redefined print
function.

cout << fixed << setprecision( -

/[ display eylinder's diameter
cout << "‘nnDiameter is * << cylinder.getDiameter(};
// display eylinder's circumference

cout <= "‘\nlircumference is "

<< egylinder.getCircumference(};

/[ display cylinder's area

cout << "\nArea is " << cylinder.getAreal(); \

// display cylinder's wvolume

Invoke redefined getArea
function.

cout << "‘\nVolume is ¥ << cylinder.getVolume();

© 2003 Prentice Hall. Inc.
All rights reserved.

64

185

Figure 4.28: Point/Circle/Cylinder hierarchy test program. (part 1 of 2)
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66
51 cout << endl; |‘ Outline
R e e
53 return 0; f/ indicates successful termination .
54 cylindertest.cpp
55 1 // end main (3of3)

I coordinate is 12

Y coordinate is 23 cylindertest.cpp
Radius is 2.5 output (1 of 1)
Height is 5.7

The new location and radius of circle are
Center = [2; 2]; Radius = 4.25; Height = 10

Diameter is B8.50
Circumference is 26.70

Area iz 380.53
Volume is 567.45

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.29: Point/Circle/Cylinder hierarchy test program. (part 2 of 2)

4.6 Constructors and Destructors in Derived
Classes

e Instantiating derived-class object

— Chain of constructor calls

x Derived-class constructor invokes base class constructor
- Implicitly or explicitly

x Base of inheritance hierarchy
- Last constructor called in chain
- First constructor body to finish executing

- Example: Point3/Circle4/Cylinder hierarchy
Point3 constructor called last
Point3 constructor body finishes execution first

x Initializing data members

- Each base-class constructor initializes data members
Inherited by derived class
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e Destroying derived-class object

— Chain of destructor calls

* Reverse order of constructor chain
* Destructor of derived-class called first
* Destructor of next base class up hierarchy next

- Continue up hierarchy until final base reached; After final
base-class destructor, object removed from memory

e Base-class constructors, destructors, assignment operators

— Not inherited by derived classes

— Derived class constructors, assignment operators can call

x Constructors

* Assignment operators

Next example revisits the point/circle hierarchy by defining class Point4
(E3HEZT) and class Circled ([E32HL3) that contain constructors and de-
structors, each of which prints a message when it is invoked.
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4.7 7Uses A” and "Knows A” Relationships

e ”"Uses a”

— Object uses another object

x Call non-private member function; using pointer, reference
or object name

e ”Knows a” (association)

— Object aware of another object; contain pointer handle or refer-
ence handle

— Knowledge networks

4.8 public, protected and private Inheritance

4.9 Software Engineering with Inheritance

Customizing existing software
e Inherit from existing classes

— Include additional members
— Redefine base-class members

— No direct access to base class’s source code; Link to object code
e Independent software vendors (ISVs)

— Develop proprietary code for sale/license; available in object-code
format

— Users derive new classes; without accessing ISV proprietary source
code
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1 Jf Fig. 8.25: pointd.h Outline Ei

2 // Peointd eclase definition represents an x-¥ coordinate pair. =S

3 fifndef POINT4 1

4 fidefine POINT4 H nointd h (1 nf' ])

5 Constructor and destructor

] class Pointd [ OIJT[Z!UTMCSEBgGS_f-D

i demonstrate ﬁmc_tion eall

8 public: order:

] Pointd{ int = 0, int = 0 }; f/ default structor

10 ~Pointd () ; // destructeor

1

12 woid setI{ int }; /f set x in coordinate pair

13 int getX{)} const; J// return x from coordinate pair

14

15 void setY({ int }; // set ¥ in coordinate pair

16 int get¥ ()} const; /[ return ¥ from coordinate pair

17

18 void print() const; [/ output Peint3 ocbject

19

20 private:

21 int x; J// x part of coordinate pair

22 int ¥; J// v part of coordinate pair

23

24 }; // end class Pointd

25

26 Hendif
© 2003 Prentice Hall, Inc.
All rights reserved.

71

1 Jf Fig. 9.26: pointd.cpp Outline

2 // Peointd class member-function definitions. =S

3 fHinclude <iostream>

4 pointd.cpp (1 of 3)

5 uzing std::cout;

[ using std::endl;

T

8 finclude "pointd.h® J/ Pointd eclass definition

2

10 // default constructor Output message to

11 Pointd4::Point4 { int xValue, int yVa ) dcmc‘xmtmiecon_stmetor

12 : x{ xValue }, y( yValue } function call order.

13 {

14 cout. << "Pointd constructor: %;

15 print(};

16 cout << endl;

17

18 } // end Point4 congtructor —

19 Output message to

o0 L SF bt e demonstrate destructor

21 Pointd::~Pointd () function call order.

2 |

23 cout << "Pointd destructor: ";

24 print () ;

25 cout << endl;

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 4.30: Point4 class header file and Point4 base class contains a con-
structor and a destructor. (part 1 of 2)
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o Qutline
27 1 // end Point4d destructor —_—
28

28 // =et x in coordinate pair |)0int4.cpp(2 of 3)
30 wvoid Pointd::setI({ int xValue )

31 ¢

32 X = xValue; // no need for wvalidation

3z

34 1 // end function setX

35

36 [/ return x from coordinate pair

37 int Pointd4::getI(} const

38

39 return x;

40

4} // end funetion getI

42

43 [/ set y in coordinate pair

44 woid Pointd::set¥{ int yValue )

45 [

a6 ¥ = yValue; // no need for wvalidation

47

48 Y} // end function set¥

49
© 2003 Prentice Hall. Inc.
All rights reserved.

50 // return y from coordinate pair Outline 3

51 int Pointd::get¥() const ——

52 |

return y; point4.cpp (3 of 3)

} // end function get¥

54
55
56
57 // output Peoint4 cbject
58 woid Pointd::print{) const
58 {

60

61

62

cout << *[*' << getX{)} << ", " << get¥{) =< *1‘';

1 // end funetion print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.31: Point4 base class contains a constructor and a destructor. (part
20f 2)
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1 T o AR - b R T B L Outline "
2 JJ Circle5 class contains x-y coordinate pair and radius. —_—
3 Hifndef CIRCLES H

4 Hdefine CIRCLES H circleS.h (1 of 2)
5

6 Hinclude "point4a.h® // Pointd clase definition

7

8 class Circle5 : public Pointd {

8 Constructor and destructor

10 public: output messages to

11 demonstrate function call

12 // default constructor arder.

13 CireleS( int = 0, int = 0, double = 0.0 }; :

14

15 ~Cirecles{}; [/ destructor

16 void setRadius( double }; [/ =et radius

17 double getRadius() const; // return radius

18

19 double getDiameter{) const; J/ return diameter

20 double getCircumference(} const; // return circumference

21 double getArea{) const; [/ Teturn area

2=

23 void print() const; // output CircleS object

24

© 2003 Prentice Hall. Inc.
All rights reserved.

25 private: Outline
26 double radius; [/ Circle5's radius —_—
27

28 }; // end class Circles circle5.h (2 of 2)
29

30 Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.32: Circle5 class header file.
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1 S/ Fig. ‘9.28: circleb.cpp e
2 J/ Circle5 class member-function definitions.
3 #include <iostream>
4 circleS.cpp (1 of 4)
5 uging std::cout;
(=] uging std::endl;
7
B8 #ineclude "circle5.h® // Circle5 classz definition
9
10 J/ default constructor
11 eCircle5::Circle5( int xValue, int yValue, i ok = L
12 + Pointd { xValue, yValue } // call hasd .Ol.llp_l.ll message tt.’
3 ¢ demonstrate constructor
14 setRadius( radiusValue }; function call order.
15
16 cout << "CircleS constructor: ";
17 print () ;
18 cout << endl;
18
20 } // end circle5 constructor
21

© 2003 Prentice Hall. Inc.

All rights reserved.

77

22 J/ destructor
23 Circle5::~Circle5{)
24 |
25 cout << "Circles destructor % circlcicpp (2 of 4)
26 print () ; \
27 eout << endl; Output message to
28 demonstrate destructor
2% 1 // end CireleS5 destructor function call order.
30

3 J/ set radius
32 woid Circle5::setRadius({ double radiusValue )}

33

34 radiueg = ( radiusValue < 0.0 ? 0.0 : radiusValue };
35

36 1} // end function setRadius

ar

38 // return radius
39 double CircleS::getRadius{) const

40

-5 return radius;

42

43 } // end funectien getRadius
44

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.33: Circle5 class inherits from class Point4. (part 1 of 2)
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45

288455

faR28BgusRREY2

&7

65

dnds

// calculate and return diameter
double Circle5::getDiameter{) const
{

return I * getRadius();

} // end functicn getDiameter

// calculate and return circumference
double Circle5::getCircumference() const
{

return 3.1415% * getDiameter () ;

} // end functicn getCircumference

// calculate and return area
double CirecleS::getArea()} const
{
return 3.1415% * getRadius()} * getRadius();

} // end function getArea

S/ output CirgleS ocbject

void Circle5::print() const

{
cout =< "Center = ":
Pointd::print(); [/ inveke Pointd's print funection
cout << ®; Radius = * << getRadius(]);

} // end function print

Qutline

circle5.cpp (3 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

| 79
Qutline

circle5.cpp (4 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.34: Circle5 class inherits from class Point4. (part 2 of 2)

193
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1 /) Pig. 9.29; fig09 79.cpp Qutline -
2 J/ Display order in which base-class and derived-class —
3 [/ constructers are called.
4  #include <iostream> ﬁg(]g_y_cpp
5 (1of2)
(=] uging std::cout;
7 uzing std::endl;
B8
8 #include "circlef.h™ Jf/f CircleS class definition
10
1 e RO Point4 object goes in and
12 1 out of scope immediately.
13 { // begin new scocpe
14
15 Point4 peint{ 11, 22 );
16 Instantiate two Circleb
17 1 // end scope objects to demonstrate order
18 of derived-class and base-
19 cout << endl; class constructor/destructor
20 Circles cirelel{ 72, 23, ﬂ.]n'cﬁon calls.
21
22 cout << endl;
23 Cirele5 cirelez{ 5, 5, 10 };
24
25 cout << endl;
© 2003 Prentice Hall. Inc.
All rights reserved.
i 81

o Qutline
o7 return 0; [/ indicates successful termi 3 —_—
o8  Point4 constructor called
29 T J7 endwet s for object in block; destructor | 209_29.cpp
Point4 censtructer: [11, 22] L = 1 ¥ " i (EOtz)
Point4 destructor: [11, 22] Derived-class Circle5

;nn:tn:r’*tnr hr\(l']v P:ﬂ‘ntﬂa fig09_29.cpp

Point4 constructer: [72, 2%]
Circle5 constructor: Center = [72, 28]

output (1 of 1)

Derived-class circle5
constmctor hodv executes
Destructors for CireleS
ohiect palled in reverse order
Destructors for Cireleb
object called in reverse order
of constructors.

4.5

Point4 constructor: [5, 5]
Circle5 constructor: Center

Circle5 destructor: Center
Point4 destructor: [5, 5]
Circle5 destructor: Center

Point4 destructor: [72, 29]

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4.35: Constructor and destructor call order.
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9.8 public,protectedandprivate

Inheritance

€ 2003 Prentice Hall, Inc. All rights reserved.

Base class Type of inheritance
member
aCCess public protected private
speci fier inheritance inheritance inheritance
public inderived class, protected inderived class, private inderived class.
Can be accessed directly by any | Cun be accessed directly by all | Can be accessed directly by all
Public non-static member functions. | pon-gtatic member functions |non-static member functions
friend functions and non- and friend functions. and friend functions.
member functions.
protected in derived class. protected inderived class. private inderived class.
Can be accessed directly by all | Can be accessed directly by all | Can be accessed directly by all
Protected | non-static member functions |non-statie member functions |non-statie member functions
and £riend functions. and £riend functions. and friend functions.
Hidden in derived class. Hidden in derived class. Hidden in derived class.
ICan be accessed by non-static | Can be accessed by non-static | Can be accessed by non-statie
. member functions and friend | member functions and friend |member functions and £riend
FrivAte functions through public or functions through public or functions through publie or
protected member functions of protected member functions | protected member functions of

of the base class.

the base class.

195

83

Figure 4.36: Summary of base—class member accessibility in a derived class.
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Chapter 5

Object-Oriented Programming:
Polymorphism

5.1 Introduction
e Polymorphism

— "Program in the general”
— Treat objects in same class hierarchy as if all base class

— Virtual functions and dynamic binding; will explain how polymor-
phism works

— Makes programs extensible; new classes added easily, can still be
processed

e In our examples

— Use abstract base class Shape

* Defines common interface (functionality)
*x Point, Circle and Cylinder inherit from Shape

— Class Employee for a natural example

5.2 Relationships Among Objects in an In-
heritance Hierarchy

e Previously (Section 9.4),

— Circle inherited from Point

197
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— Manipulated Point and Circle objects using member functions
e Now

— Invoke functions using base-class/derived-class pointers

— Introduce virtual functions
e Key concept

— Derived-class object can be treated as base-class object
x "is-a” relationship
x Base class is not a derived class object

5.2.1 Invoking Base-Class Functions from Derived-Class
Objects

Aim pointers (base, derived) at objects (base, derived)
e Base pointer aimed at base object
e Derived pointer aimed at derived object; both straightforward
e Base pointer aimed at derived object

— 7is a” relationship; Circle ”is a” Point

— Will invoke base class functions
e Function call depends on the class of the pointer/handle

— Does not depend on object to which it points

— With virtual functions, this can be changed (more later)

5.2.2 Aiming Derived-Class Pointers at Base-Class Ob-
jects

e Previous example
— Aimed base-class pointer at derived object; Circle "is a” Point
e Aim a derived-class pointer at a base-class object

— Compiler error
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1 T ot i o SRS 1 % B R 7 o o € ) L || Outline
2 // Point class definition represents an x-y coordinate pair. || —_—
3 Hifndef POINT H =

4 Hdefine POINT H point.h (1 of 1)
5

6 clase Point {

7

8 public:

-] Point{ inkt = 0, inkt = 0 }; // default constructor

10

11 void setX{ int }; // set x in coordinate pair

12 int getI{) const; // return x f

13 Base class print function.

14 woid set¥({ int }; /[ in cocordinate palr

15 int get¥{} const; [ eturn ¥ from coordinate pair

16

17 wvoid print() const; // output Point cbject

18

19 private:
int x; // x part of coordinate pair
int ¥; // ¥ part of coordinate pair
}; // end class Point
25 Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.1: Point class header file.

x No "is a” relationship

* Point is not a Circle

« Circle has data/functions that Point does not
setRadius (defined in Circle) not defined in Point

— Can cast base-object”s address to derived-class pointer

« Called downcasting (more in 10.9)

* Allows derived-class functionality

5.2.3 Derived-Class Member-Function Calls via Base-
Class Pointers

e Handle (pointer/reference)
— Base-pointer can aim at derived-object; but can only call base-
class functions

— Calling derived-class functions is a compiler error; functions not
defined in base-class
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1 S Fig. 2085 point.cpp g
2 J/ Point class member-function definitions.
3 #include <iostream>
4 point.cpp (1 of 2)
5 uging std::cout;
6
7 #include "point.h® /f Point class definition
B8
g [/ default constructor
10 Point::Point{ int xValue, int yValue }
11 : x( xValue ), y( yValue }
12 ¢
13 [/ empty body
14
15 1 // end Point conetructor
16
17 J/ set x in coordinate pair
18 woid Point::setI{ int xValue }
19
20 x = xValue; // no need for wvalidation
21
22 1 // end funetion setX
23
© 2003 Prentice Hall. Inc.
All rights reserved.
7
24 // return x from coordinate pair Outline
25 int Point::getX{) const ——
26
27 return x; point.cpp (2 of 2)
28
29 } // end function getX
30

3 J/ set ¥ in coordinate pair
32 woid Point::set¥{ int yValue )

33 {

a4 ¥ = yValue; // no need for wvalidation
35

36 T // end function: set¥

ar

38 // return v from coordinate pair
39 dnt Peoint::get¥ ()} const
{

return y;

Output the x,y coordinates of
1 // end function get¥ the Point.

[ eutput Peoint obdect
woid Peoint::print{) const
{

cout << '[' << getI()} << ", " << get¥{) =< *]';

88586 EE8588

} // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.2: Point class represents an xy-coordinate pair.
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o o o 3 circle.h
J/J Circle class contains x-y
Hifndef CIRCLE H

fidefine CIRCLE H

10.3:

Hinclude "point.h® [/ Point
class Cirecle : publie Point [

public:

/[ default constructor
Cirele{ int = 0, int = 0,

wvoid setRadius( double );
double getRadius() const;

double getDiameter{} congt;

}

double getCircumferenc
double getArea() consy}

void print() const;

private:
[/ tircle!

double radius;
¥ // end class Cirecle
Hendif
SFIg. A0 4 cirele.cpp
JJ Circle class member-functi
#include <iostream>
uging std::cout;
Hinclude "circle.h®
JJ default constructor
Circle::Circle{ int xValue, i
: Point( xValue, yValue )
getRadiue ( radiusvValue );
} // end Circle constructor
/[ set radius
wvoid Circle::setRadius{ doubl

{

radius = { radiusValue < 0

} // end function setRadius

Figure

coordinate pair and radius.

class definition

Cirele inherits from
Point, but redefines its
_| print function.

doubl

[ met radius

J{ return radius

[/ return diameter

congt; [/ return circumference

[/ return area

[/ output Cirele cbject

s radius

on definitions.

£f Circle class definition

double radiusValue ]

/[ call base-class constructor

nt yValue,

e radiusValue }

0% 0

: radiusValue };

5.3: Circle class header file.

Qutline

circle.h (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle.cpp (1 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.
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24
25

BBYEB

a
32
33
34
35
36
ar
a8
39

885865 EE8588

ggygaeana

// return radius
double Circle::getRadius() const
{

return radius;

} // end function getRadius

// ecaleulate and return diameter
double Circle::getDiameter{) const
{

return 2 * getRadius{);

1 // end funetion getDiameter

Jf ecaleulate and return circumference
double Circle::getCircumference()} const
{

return 3.14152 * getDiameter();

} // end function getCircumference
/{ caleulate and return area
double Circle::getArea() const

{

return 3.14159% * getRadius{) * getRadius{)

} // end function gethArea

10

circle.cpp (2 of 3)

H

© 2003 Prentice Hall. Inc.
All rights reserved.

J/ output Circle object
wvoid Circle::print{) const
{

cout << "center = ";

Point::print(}; [/ inveke Point's print

- Circle redefines its print

function. It calls Point’s
print function to output the
x,y coordinates of the center,
then prints the radius.

gout << "; radius = " << getRadius();

1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.4: Circle class that inherits from class Point.
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31
32
33
34
35
36
37
38
38

H

GRER

46
47

49

12
Jf Fig. 10.5: figlO 05.cpp Outline
/f Aiming base-glage and derived-class peointers at base-glase =S
// and deriwved-class cbjects, respectiwvely.
f#include <iostream> flg]O OS‘C[J[J
(1af3)
using std::cout;
using std::endl;
using std::fixed;
finclude <iomanip>
uzing std::setprecision;
#include "point.h® /[ Point class definition
f#include "circle.h®™ // Circle class definition
int main(}
{
Peoint peint({ 20, 50 );
Point *peointPtr = 0; // base-class pointer
Cirele cireclef 120, B9; 2.7 };
Circle *cirelePtr = 0; [/ derived-class pointer
© 2003 Prentice Hall, Inc.
All rights reserved.
R g i .. 13
J// set flecating-peint numeric formaf Us_e,ochcts and pointers o Outline
cout << fixed << setprecision( 2 ); | call the print function. The ——
pointers and objects are of the
// cutput objects point and cir same class, so the proper fig10_05.cpp
cout << "Print point and cirgle q print function i1s called. {2 Df?)

point.print(); il Inif's print
cout << "\nCircle:
cirele.print{); // invokes /Cirecle's print
/f aim base-class pointe age-class object and print
pointPtr = &point;
cout << "\minCalling pfint with base-class pointer to ™

<< "\nbase-class invokes base-class print ©

<< "functiom:\p";
peintPtr->print{}; [/ inyokes Peoint's print
//f aim derived-class pojnter at derived-class cbject
// and print
circlePtr = &eoircle;
cout << "\n\nCalling print with derived-class pointer to "
<< "inderived-c¥ass object invokes derived-class @
<< "print func .1cn:\n“;

cirelePtr->print(); // invekes Circle's print

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.5: Assigning addresses of base-class and derived-class objects to
base-class and derived-class pointers. (part 1 of 2)
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50 J/ aim base-class pointer at derived-clasz= object and print Outline 1
51 pointPtr = &cirecle; | 1 =S
52 ecout <% "\n\nCalling print with base-class pointer to ¥
<< "derived-class cobject\ninvokes base-class print ® ﬁg](]iwlcpp
54 << "function on that derived-class object:\n"; (3 0f3]
55 pointPtr->print({}; [/ invcokes Point's print
h dautislendls Aiming a base-class pointer at
ST a derived object is allowed
=) Tekuxn (0 (the circle “is a” Point).
= ) However, it calls Point’s
60 } // end main

print function, determined by
the pointer type. virtual
functions allow us to change
this.

© 2003 Prentice Hall. Inc.
All rights reserved .

Point: [38, 50]
Circle: center = [120, 89]; radius = 2.70

Print point and circle objects: Outline 13
¥]

fig10_05.cpp
output (1 of 1)

Calling print with base-class pointer to
base-class object invokes base-class print function:
[30, 501

Calling print with derived-class pointer to
derived-class object invokes derived-class print function:
center = [120, 89]; radius = 2.70

Calling print with base-class pointer to derived-class object

invokes base-class print function on that derived-class cbject:
[120, 83]

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 5.6: Assigning addresses of base-class and derived-class objects to
base-class and derived-class pointers. (part 2 of 2)
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14
15
16

C:\cpphtpd\examplesichl0\figl0 06%\Figl0 06.cpp(12) : error C2440:

Lo FIg. 20065 Eigll 06, cpp
J/ Biming a derived-class pointer at a base-class object.
finclude "point.h® /[ Point class definition

fiinclude "ecircle.h™ // Circle class definition

int main ()
{
Point point( 30, 50 }:

Circle *circlePtr = 0;

// aim derived-class pointer at base-class object

circlePtr = &point; // Error: a Point i= not a Circle

return 0;

} // end main

: cannot convert from 'class Point *' teo 'eclass Cirecle *'
Types pointed to are unrelated; converszion reguires
reinterpret cast, C-style cast or function-style cast

|l Qutline :

fig 10_06.cpp
(lof1)

fig10_06.cpp
output (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.7: Aiming a derived-class pointer at a base-class object.

e Common theme

5.2.4

e Typically, pointer-class determines functions

— Data type of pointer /reference determines functions it can call

Virtual Functions

e virtual functions; object (not pointer) determines function called

e Why useful?

— Suppose Circle, Triangle, Rectangle derived from Shape; each

has own draw function

— To draw any shape
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x Have base class Shape pointer, call draw

* Program determines proper draw function at run time (dy-
namically)

x Treat all shapes generically
e Declare draw as virtual in base class
— Override draw in each derived class; like redefining, but new func-
tion must have same signature

— If function declared virtual, can only be overridden

* virtual void draw() const;

*x Once declared virtual, virtual in all derived classes; good
practice to explicitly declare virtual

Dynamic binding

— Choose proper function to call at run time

— Only occurs off pointer handles; if function called from object,
uses that object”s definition

Example

— Redo Point, Circle example with virtual functions

— Base-class pointer to derived-class object; will call derived-class
function

Polymorphism

— Same message, "print”, given to many objects; all through a base
pointer

— Message takes on "many forms”

Summary
— Base-pointer to base-object, derived-pointer to derived; straight-
forward
— Base-pointer to derived object; can only call base-class functions
— Derived-pointer to base-object

x Compiler error

« Allowed if explicit cast made (more in section 10.9)
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5.3 Polymorphism Examples

e Suppose Rectangle derives from Quadrilateral

— Rectangle more specific Quadrilateral

— Any operation on Quadrilateral can be done on Rectangle (i.e.,
perimeter, area)

e Suppose designing video game

— Base class SpaceObject

*x Derived Martian, SpaceShip, LaserBeam

* Base function draw
— To refresh screen

% Screen manager has vector of base-class pointers to objects
* Send draw message to each object

* Same message has "many forms” of results

5.4 Type Fields and switch Structures

e One way to determine object’s class

— Give base class an attribute; shapeType in class Shape

— Use switch to call proper print function
e Many problems

— May forget to test for case in switch

— If add/remove a class, must update switch structures; Time con-
suming and error prone

e Better to use polymorphism

— Less branching logic, simpler programs, less debugging

5.5 Abstract Classes

o Abstract classes

— Sole purpose: to be a base class (called abstract base classes)
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— Incomplete; derived classes fill in “missing pieces”
— Cannot make objects from abstract class; however, can have point-
ers and references

e Concrete classes

— Can instantiate objects
— Implement all functions they define

— Provide specifics
e Abstract classes not required, but helpful
e To make a class abstract

— Need one or more “pure” virtual functions

x Declare function with initializer of 0
* virtual void draw() const = 0;

— Regular virtual functions; have implementations, overriding is op-
tional

— Pure virtual functions; no implementation, must be overridden
— Abstract classes can have data and concrete functions; required
to have one or more pure virtual functions
e Abstract base class pointers; useful for polymorphism

e Application example

— Abstract class Shape; defines draw as pure virtual function

— Circle, Triangle, Rectangle derived from Shape; each must
implement draw

— Screen manager knows that each object can draw itself
e Iterators (more Chapter 21)

— Walk through elements in vector/array

— Use base-class pointer to send draw message to each
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SEEIe G A0 T Eiglls 07 opp

J// Bttempting to invoke derived-class-only member functions

/[ through a base-class pointer.

fiinclude "point.n® // Peint class definition

Hinclude "circle.h™ // Circle class definition

int mainf)

{

Boint *pointPtr = 0;
Circle circlel 120, 88; 2.7 J;

/J aim base-classz pointer at deriwved-clas=zs cbject

pointPtr = &ecircle;

// invoke base-class member functione on derived-class
[/ object through base-class pointer

int x = pointPtr->geti();

int ¥ = peintPtr->get¥();

pointPtr->setI{ 10 };

pointPtr-rset¥{ 10 };

pointPtr->print();

Qutline

fig10_07.cpp
(1of2)

© 2003 Prentice Hall. Inc.
All rights reserved.

209

Figure 5.8: Attempting to invoke derived-class-only functions via a base-class
pointer. (part 1 of 2)
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23 J/ attempt to invoke derived-class-only member functionsz Outline n
24 // on derived-clase cbject through base-clasme pointer =S
25 double radius = peintPtr-»getRadius();
26 pointPtr->setRadius( 33.33 ); ilgI0,0?-Cpp
27 double diameter = pointPtr->getDiameter(); (2 of 2)
28 double circumference = pointPtr-=getCircumference();
29 double area = pointPtr->getireal);
3o
3 return 0;
3z
33 | // end main
These functions are only
defined in Circle.
However, pointPtr is of
class Point.
© 2003 Prentice Hall. Inc.
All rights reserved .
21

C:\cpphtpd \examples\chi0\figl0_07\figl0_07.cpp{25} : error C203%:
'‘getRadius' : is not a member of 'Point!

C:\opphtpd\examplesichl10\figl0o_07\point.h (6}
gee declaration of 'Point!'

Qutline

fig10_07.cpp
C:\epphtpd\examples\chl0\figlo_07\figlo_07.cpp (26) : error C2038: output (1 of 1)
'setRadius' : is not a member of 'Point'
C:\cpphtpd\examplesichl0\figl0 D7\point.h (6]
see declaration of 'Point!'

C:\cpphtpd\examples\chl0X\figld 07\figll0 07.cppi27)} : error C2039:
'getDiameter' : is not a member of 'Point!'
C:\cpphtpd\exampleshchl0\Efigld 07\point.h (&)

see declaration of 'Point’'

C:\cpphtpd\examplesi\chl10%figl0_07\figl0_07.cpp(2B8) : error €2039:

'getCircumference' : is not a member of 'Point'
C:\cpphtpd\examplesichl0\figl0 07\point.h(6)
see declaration of 'Point!'

C:\opphtpd\examples\ch10\figl0 07\figl0_07.cpp(28) : error C2039:
'getArea' : is not a member of 'Point!'

C:\cpphtpd\examples\chl0\figl0 07\point.h{&}
see declaration of 'Point!'

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 5.9: Attempting to invoke derived-class-only functions via a base-class
pointer. (part 2 of 2)
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1 SEFIg . A0 poinEch Outline @
2 // Point class definition represents an x-y coordinate pair. —_—
3 Hifndef POINT H
4 Hdefine POINT H point.h (1 of 1)
5
6 clase Point {
7
8 public:
-] Point{ inkt = 0, inkt = 0 }; // default constructor
10
11 void setX{ int }; // set x in coordinate pair
12 int getI{) const; // return x from coordinate pair
13 Print declared virtual, [t
14 woid met¥{:int ¥z J/ will be virtual in all
15 int get¥{} const; return ¥ | derived classes.
16
17 wvirtual wvoid print{} const; // ocutput Point cbject
18
19 private:
20 int x; // x part of coordinate pair
21 int ¥; // v part of coordinate pair
2=
23 };: // end class Point
24
25 Hendif
) 2003 Prentice Hall, Inc.
All rights reserved.
1 S Fig. 10,95 cirelesh Outline
2 JJ Circle class contains x-¥ coordinate pair and radius. —_—
3 Hifndef CIRCLE H
4  Hdefine CIRCLE H circle.h (1 of 1)
5
6 fiinclude "point.h® J/ Peoint clase definitieon
7
B8 class Circle : publie Peoint [
]
10 public:
11
12 /[ default constructor
13 Cirele{ int = 0, int = 0, double = 0.0 };
14
15 wvoid setRadius( double ); [/ set radius
16 double getRadius() const; [{ return radius
17
18 double getDiameter{} const; // return diameter
19 double getCircumference(} const; // return circumference
20 double getArea() const; // return area
21
22 wirtual wveid print(} conet; [/ output Circle cbject
23
24 private:
25 double radius; [/ Circle's radius
26
27 }; // end elass Circle
i © 2003 Prentice Hall. Inc.
29 Hendif

All rights reserved.

Figure 5.10: Point class header file declares print function as virtual (up-
per) and Circle class header file declares print function as virtual.
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i // Fig. 10.10: figl0_10.cpp Outline 2
2 [/ Introducing polymorphism, virtual functions= and dynamic =S
3 /¢ binding.
4 #include <iostream> 1lg10710‘cpp
5 (1of3)
(-] using std::cout;
T using std::endl;
8 uging std::fixed;
9
10 #inelude <icmanip>
11
12 ‘using std::setprecision;
13
14 #include "point.h® J/ Point class definition
15 #include "circle.h" [J/ Circle class definition
16
17 int main{)
18 {
19 Point point( 30, 50 };
20 Point *pointPtr =
21
22 Cirecle circle{ 130, 89, 2.7 };
23 Circle *circlePtr = 0;
24

© 2003 Prentice Hall. Inc.

All rights reserved .

28

25 [/ =et fleating-point numeriec formatting Outline
26 cout << fixed << getprecision( 2 ); = 0
27
28 // output objects point and circle using static binding figlO,lOch
29 cout << "Invoking print function on point and circle *® (2 Of})
o << "\nobjects with static binding ®
31 << "Yo\nPoint: ";
3z point.print () ; f/ static binding
43 cout << "\nCircle: ";
34 cirele.print{}; // statiec binding
35
36 // output objects point and cirele using dynamic binding
aF cout << "‘\n\nInvoking print function on point and circle "
a8 << "\nobjects with dynamic binding®;
3g
40 [/ aim baze-class pointer at base-class object and print
4 pointPtr = spoint;
42 cout << "\ni\nCalling wirtual function print with base-class®
43 <= "\npointer to base-class object®
44 <% "\ninvokes base-class print functien:\n"%;
45 pointPtr->print{);
46

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 5.11: Demonstrating polymorphism by invoking a derived-class virtual
function via a base-class pointer to a derived-class object. (part 1 of 2)
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47 S aim deriwved-classz pointer at derived-claszs Outline 2
48 /[ cbject and print =S
49 circlePtr = &eoircle;
20 cout << "\n\nCalling wvirtual function print with ® ﬁg]O,lO,cpp
51 << "\nderived-class pointer to derived-class object ® {3 Df3)
52 << "\mpinvokes derived-class print function:\n";
53 cirelePtr->print () ;
54
55 /[ gim bage-class pointer at derived-oclass cbject and print
56 pointPtr = ecircle;
57 cout << "\n\nCalling wvirtual function print with base-class"
58 << "\npointer to derived-class cbject ®
59 << "\mninvokes derived-class print functiom:\n";
60 pointPtr-»print{}; // pelymorphism: inwvokes circle's print
61 cout << endl;
62
&3 return 0; At mn.time_,- the program
64 detenmirnes that pointPEr is
65 1} // end main aiming ata Circle object,

and calls Circle’s print

function. This is an example

of polymorphism.

© 2003 Prentice Hall, Inc.
All rights reserved.

Invoking print function on peint and circle O tl 8
objects with static binding —u e
FPoint: [30, 50] fig]OflO,cpp

Cirecle: Center = [120, 89%]; Radius = 2.70
i i output (1 of 1)
Invoking print function on point and circle

objects with dynamic binding

Calling virtual function print with base-class
pointer to base-class object

invokes base-class print function:

[30, 501

Calling wvirtual funection print with
derived-class pointer to derived-class object
invekes derived-class print function:

Center = [120, 89]; Radius = 2.70

Calling virtual function print with base-class
pointer te derived-claszs object

inveokes derived-class print function:

Center = [120, 89]; Radius = 2.70

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.12: Demonstrating polymorphism by invoking a derived-class virtual
function via a base-class pointer to a derived-class object. (part 2 of 2)
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5.6 Case Study: Inheriting Interface and Im-
plementation
Make abstract base class Shape
e Pure virtual functions (must be implemented)

— getName, print

— Default implementation does not make sense
e Virtual functions (may be redefined)

— getArea, getVolume; initially return 0.0

— If not redefined, uses base class definition

e Derive classes Point, Circle, Cylinder

39

10.6 Case Study: Inheriting Interface and
Implementation

‘gethArea getVolume getName print

shape

Point

tircle

Cylinder

© 2003 Prentice Hall, Inc. All rights reserved. - -

Figure 5.13: Defining the polymorphic interface for the Shape hierarchy
classes.
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1 S/ Fig. 10.12: shape.h Outline
2 // Bhape abstract-base-class definition. —_—
3  Hifndef SHAPE H
4 Hdefine SHAPE H shape.h (1 of 1)
5
L] f#include <string> // C++ standard string clase
7
8 using std::string;
]
10 class Shape [ Virtual and pure virtual
i functions.
12 publieo:
13
14 J{ virtual function that retur shape area
15 virtual double getArea() const}
16
17 Jf wirtual function that refurns shape volume
18 wvirtual double getVolume{)/const;
18
20 // pure wvirtual function®; overridden in derived classes
21 virtual string getName() const = 0; // return shape name
22 wvirtual veid print(} censt = 0; /[ output shape
23
24 }; // end class Shape
25
26 Hendif
© 2003 Prentice Hall. Inc.
All rights reserved.
1 Jf Fig. 10.13: shape.cpp ¥ &
Outline
2 /[ Shape clage member-function definitions. =S
3 H#include <iostream> 1
4 shape.cpp (1 of 1)
5 uzing std::cout;
6
x Hinclude "shape.h® // Shape class definition
8
9 /[ return area of sghape; 0.0 by default
10 double getArea() const
1 [
12 return 0.0;
13
14 } // end function getlArea
15

16 // return wvolume of shape; 0.0 by default
17 double getVolume() const

18 {

19 return 0.0;

21 } // end function getVolume

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.14: Abstract base class Shape header file and Abstract base class
Shape.
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Wm0 N0 ;R W R -

I
- o

24
25
26
27
28
29
a0

FfFig. A0.14: pointch

J/ Point class definition represents an x-y coordinate pair.
#ifndef FOINT H

#define POINT H

point.h (1 of 2)

#include "shape.h® [/ Shape clase definition
class Point : public Shape |

public:

Point{ int = 0, int = 0 ); [/ default copstructor
Point only redefines
void setX( int ); // set x in coordin| getName and_print_, since
int getX{) ceonst; // return x from getArea andg-atVQlume.-
are zero (it can use the default

wvoid set¥{ int }); // set y i implementation),
int get¥() const; // re n y from — —

S/ return name of sghape (i.e., "Point®

wvirtual string getName() const;

wvirtual veid print(} eonst; // cutput Point cbject

© 2003 Prentice Hall. Inc.
All rights reserved.

; 43
private:

Qutline

int x; // x part of coordinate pair

int ¥; /f/ v part of coordinate pair
point.h (2 of 2)

¥; // end class Point

#endif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.15: Point class header file.
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a
32
33
34
35
36
37
38
38

Ea8 88

T i AS0E v A R T o Rl o) o)
// Point class member-function definitions.

#include <iostream>
uzing std::cout;

Hinclude "point.h® £/ Point class definition

Jf default constructor
Point::Point{ int xValue, int yValue }

: x{ xValue }, y( yValue )
J[ empty body
} // end Peint constructor

J// set x in coordinate pair
void Point::setX{ int xValue )
{

x = xWValue; // no need for wvalidation

} /{ end functiocn setX

J/ return x from coordinate pair
int Point::getX{) const
{

return x;
} // end functicn getX
// #et ¥ in coordinate pailr
void Poink::set¥({ int ¥Value )
{
¥ = yValue; // no need for walidation
} // end function set¥
// return ¥ from coordinate pair
int Point::get¥ () const
{

return ¥;

} // end Function get¥

Figure 5.16: Point class implementation file

lA] Qutline

point.cpp (1 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

i| Qutline

point.cpp (2 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

. (part 1 of 2)
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a5

28RIBEESS

488

Wm0 N0 ;R W R -

I
- o

46

// override pure virtual function getName: return name of Point Outline
string Point::getName{)} const —
{

return "Point®; pDinchp (30f 3)
} // end function getame
// override pure wvirtual\funection print: ocutput Point cbject
wvoid Point::print{) const
{

cout << "[*' << getX{)} <<\ ", " << get¥{) =< *1‘';
1 ifilend thngk fon prang Must everride pure virtual

functions ge tName and
print.
© 2003 Prentice Hall. Inc.
All rights reserved.
; 5 47

£ Fig. 10.1635 eirelesh Outline
J/ Circle class contains x-y coordinate pair and radius. —
#ifndef CIRCLE H
#define CIRCLE H circle.h (1 of 2)

#include "peoint.h® [/ Peint clase definition

class Cirele : public Point |{

public:
J/ default constructor
Cirele( int = 0, int = 0, double = 0.0 };
woid setRadius( double }; /[ set radius
double getRadius()} const; A f return radius
double getDiameter{} const; /! return diameter
double getCircumference() const; // return circumference
wvirtual double gethArea() const; [/ return area
/¥ return name of shape {(i.e., "Circle")}
wvirtual string getName() const;
wvirtual veid print({) eonst; // ocutput Cirecle object

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.17: Point class implementation file. (part 2 of 2)
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' 48
Zi rivate: || OUtline
m aoun -

double radius; [/ Circle's radius

e circle.h (2 of 2)
30 1; // end elass Circle

Bl

32 Hendif

© 2003 Prentice Hall, Inc.
All rights reserved.

| 49
1 Jf Fig. 10.17: circle.cpp || Outline
2 /[ Circle class member-function definitions. |: =S
3 Hinclude <iostream> L]
4 circle.cpp (1 of 3)
5 uzing std::cout;
6
7 Hinclude "cirele.h® [/ Circle class definition
8
9 L[ default constructer
10 Cirele::Cirele( int xValue, int yValue, double radiusValue )
11 : Peint( xValue, yValue } // call base-class constructor
12 ¢
13 setRadius{ radiusValue );
14
15 } // end Circle constructor
16

17 // eet radius

18 woid Circle::setRadius( double radiusValue )

19

20 radius = { radiusValue < 0.0 ? 0.0 : radiusValue );
21

22 } // end function setRadius

23

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.18: Circle class header file and Circle class that inherits from class
Point. (part 1 of 2)
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24 // return radius Outline
25 double Circle::getRadius{} const —_—
26

2T return radius; circlc‘cpp (2 of 3)
28

29 } // end functicn getRadius

30

31 // ecaleulate and return diameter

32 double Circle::getDiameter () const

33

34 return 2 * getRadius{);

35

36 } // end funection getDiameter
ar

38 // calculate and return circumference
39 double Circle::getCircumference(} const
{

return 3.14152 * getDiameter();

} // end function getCircumference

E&EBLES

© 2003 Prentice Hall. Inc.
All rights reserved.

45 J/ override wirtual function getArea: return area of Circle Outline
46 double Circle::getArea{) const ——
47 1

48 return 3.14152 * getRadius() * getRadius(); circle.cpp (3 of 3)
48

50 ¥} // end funetien getArea

51 T B

52 // override wirutual function get.l\. Ovcrrlde-?et}.r‘ea because it

53 string Circle::getName() const now aP{_}].lEST.OCll’ClE.

54 {

55 return "Circle™;

56

57 1 // end function getName

58

59 /J/ override wirtual function print: ocutput Circle chject

B0 woid Cirecle::print(} const

61

B2 cout << "center iz ";

63 Point::print{}; // invoke Point's print function

64 cout << ":; radius i=z " << getRadius{);

66 ] // end funetien print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.19: Circle class that inherits from class Point. (part 2 of 2)
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1 S oFig. 10,185 e¥linder.h 52

2 // Cylinder class inherits from class Circle.

3 Hifndef CYLINDER H

4 Hdefine CYLINDER H cylinder.h (1 of 2)

5

6 Hinclude "ecirecle.h® // Circle clase definition

7

8 class Cylinder : publie Cirele [

]

10 public:

11

12 /[ default constructor

13 Eylinder{ int = 0, int = 0, double = 0.0, double = 0.0 };

14

15 void setHeight{ double }; // set Cylinder's height

16 double getHeight() const; // return Cylinder's height

17

18 wirtual deuble getArea{} const; // return Cylinder's area

19 virtual double getVelume() const; // return Cylinder's wvolume

20
© 2003 Prentice Hall. Inc.
All rights reserved.

21 // return name of shape [(i.e., "Cylinder"® ) Outline

22 wirtual string getName() const; —_—

23

24 virtual wveid print() censt; // cutput Cylinder cylinder.h(E sz)

25

26 private:

27 double height; [/ Cylinder's height

28

29 }; // end class Cylinder

30

31 Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.20: Cylinder class header file.
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Jf Fig. 10.19: eylinder.cpp
J/ €ylinder class inherits from class Circle.

#include <iostream>

uging std::cout;

#include "cylinder.h® /f Cylinder class definition

[/ default constructor
Cylinder::Cylinder { int xValue, int yValue, double radiusValue,
double heightValue )

: Cirecle( xValue, yValue, radiusvValue )}

setHeight { heightValue ) ;

} f/ end Cylinder constructor

[/ =set Cylinder's height
void Cylinder::setHeight{ double heightValue )
{
height = { heightValue < 0.0 ? 0.0 : heightWalue };

} // end funection setHeight

J/ get Cylinder's height
double Cylinder::getHeight() const
{

return height;

1 /f end function getHeight

[/ override wvirtual function getArea: return Cylinder area
double Cylinder::getArea() const
£

return 2 * Circle::getArea() + J/ code reuse

getCireumference() * getHeight();
} // end funection getArea
[/ override wvirtual function getVolume: return Cylinder volume
double Cylinder::getVolume{) const
{

return Circle::gethArea() * getHeight(); // code reuse

1 // end funetion getVolume

Figure 5.21: Cylinder class implementation file.

Qutline

cylinder.cpp
(1of3)

© 2003 Prentice Hall. Inc.
All rights reserved.

. 55
Outline

cylinder.cpp

(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

(part 1 of 2)
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47 // override wirtual function getName: return name of Cylinder Outline
48 string Cylinder::getName{)} const —_—
49 [
50 return "Cylinder®; cylinder.cpp
31 (30f3)
52 } // end funection getName
53
54 // output Cylinder ocbject
55 woid Cylinder::print{) const
56 {
57 Circle:z:print(}; // code reuse
58 cout << ®; height isz ® << getHeight(};
59
60 } // end function print
© 2003 Prentice Hall. Inc.
All rights reserved.
57
1 Jf Fig. 10.90: £igld 30.cpp Qutline
2 // Driver for shape, peoint, cirecle, cylinder hierarchy. —_—
3 Hinclude <iostream>
4 fig10_20.cpp
L uzing std::cout; (] Ofs)
6 using std::endl;
T uzing std::fixed;
8
-] Hinclude <iomanip>
10
11 using std::setprecision;
12
13 #include <vector>
14

15 ueing etd::vector;

finclude "shape.h" [/ Bhape class definition
f#include "point.h® // Point class definition

fiinclude "circle.h” J/ Circle clase definition

veoid wirtualViaPeinter ( const Shape * );

16
17
18
18
20 Hinclude "eylinder.h" [J/ Cylinder class definition
21
2=
23 woid wvirtualViaReference( const Shape & );

24

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.22: Cylinder class implementation file. (part 2 of 2)
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25 int main() Outline
26 —
27 /f =et floating-point number format
28 cout << fixed << setprecision{ 2 ); ﬁg](]izolcpp
2 (20f5)
ao Point point{ 7, 11 }; [/ create a Point
31 Cirele eirclef 22, 8, 3.5 ); [/ create a Circle
3z Cylinder eylinder( 10, 10, 3.3, 10 }; [/ create a Cylinder
33
34 cout << peint.getName() << ®: °; // etatic binding
35 point.print (] ; /f static binding
36 cout << 'inf;
a7
a8 cout << circle.getName(} << ®: ®; J/ static binding
39 cirele.print{}; J// static binding
40 cout =< 'n';
a1
42 cout << cylinder.getMName() << ": "; // static binding
43 eylinder.print{); // static binding
44 cout << "in\n";
45
© 2003 Prentice Hall. Inc.
All rights reserved .
46 // create wvector of three baze-clazsz pointers Outline
:; vector< Shape * > ghapeVector({ 3 ]; Ctealcavemorofgeneli'c
49 [/ aim shapeVector [0] at derived-cla Eh:lpe po?ntcrs, and aim them at ig](] zolcpp
50 shapeVecter[ 0 1 = &peoint; various Ob_]GCIS. 'XQfg)
51 i
52 J// aim shapeVector [1] at d q Fl]_[lC'l.iCﬂ’l
53 shapeVector[ 1 ] = &circle; virtualViaPointer calls
54 the virtual functions (print,
55 // aim shapeVector[2] at derivediclass ( getName,etc.)using the base-
56 shapeVecter[ 2 ] = &cylinder; class po_inte,]?s_
57
58 J/ loop through shapeVector 4&nd call vig Thetypes are«dynamically-bound
58 // to print the shape name/ attributes, |4t mipn-time.
60 J/ of each cbject using amic binding
61 cout << "\nVirtual function calls made off "
62 << "base-class pofnters:\n\n";
63
64 For: {iEnE = P shapeVecter.size(); it++ }
65 wvirtualViaPeinter { shapeVector[ i ] };
66

© 2003 Prentice Hall. Inc.
All rights reserved .

Figure 5.23: Demonstarting polymorphism via a hierarchy headed by an
abstract base class. (part 1 of 3)
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67 /[ loop through shapeVector and call wirtualViaReference Outline &
68 /[ te print the shape name, attributes, area and wvolume =S
69 // of each cbject using dynamic binding

70 cout << "\nVirtual function calls mad{ [Jge r‘fef'crences inswad'of figIO,ZO‘C[Jp

bal <2 "base-class references:\pin"; poim@rs,fol_'_thcsameeffea. (4 ij)

72

73 For [Ant g =0 5= apeVector.size(); j++ )

74 virtualViaReference( *shapeVector[ j ] ):

75

76 return 0;

77

78 } // end main

79

80 // make virtual function calls off a base- Call virtual functions;the

81 // using dynamic binding proper class function will be

82 woid wirtualViaPointer( const Sh *paseClay called at run-time.
83 |

84 cout << baseClassPtr->getName() << ": ";

85

86 baseClagsPtr->print();

87

88 cout << "narea i= " << baseClassPtr->gethArea (]

89 << "\mvolume iz " << baseClassPtr->getVolume ()
S0 << "\n\n";

21

92 } /f end function virtualViaPointer

93

© 2003 Prentice Hall, Inc.
All rights reserved.

94 /) make wvirtual function calls off a base-cglass reference Outline L
95 /[ using dynamic binding =S
96 wvoid wvirtualViaReference{ const Shape &baseClassRef |}

o7 1 fig10_20.cpp

98 cout << baseClassRef.getName() << ": ©"; {5 ij)

99

100 baseClassRef .print{);

101

102 gout << "narea i= " << baseClassRef.gethArea()

103 << "‘\nyolume is ® << baseClassRef.getVolume(] << ®‘n'n®;

104

108 } // end function wirtualViaReference

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.24: Demonstarting polymorphism via a hierarchy headed by an
abstract base class. (part 2 of 3)
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- Outline N
4

fig10_20.cpp
“output (1 of 2).

©2003 Prentice Hall. Inc.
Al rights reserved

63

-a Outline
4

fig10_20.cpp
“output (2 of 2)

© 2003 Prentice Hall, Inc.
Al rights reserved.

Figure 5.25: Demonstarting polymorphism via a hierarchy headed by an
abstract base class. (part 3 of 3)



5.7. POLYMORPHISM, VIRTUAL FUNCTIONS AND DYNAMIC BINDING "UNDER THE HOO.

5.7 Polymorphism, Virtual Functions and Dy-
namic Binding ”Under the Hood”

e Polymorphism has overhead

— Not used in STL (Standard Template Library) to optimize per-
formance

e virtual function table (vtable)

— Every class with a virtual function has a vtable

— For every virtual function, vtable has pointer to the proper func-
tion

— If derived class has same function as base class; function pointer
aims at base-class function

— Detailed explanation in Fig. 10.21 (in book) (will not be covered)

5.8 Virtual Destructors

Base class pointer to derived object; if destroyed using delete, behavior
unspecified

Simple fix

— Declare base-class destructor virtual; makes derived-class destruc-
tors virtual

— Now, when delete used appropriate destructor called

When derived-class object destroyed

— Derived-class destructor executes first

— Base-class destructor executes afterwards

Counstructors cannot be virtual

5.9 Case Study: Payroll System Using Poly-
morphism

Base class Employee
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— Pure virtual function earnings (returns pay)

*x Pure virtual because need to know employee type
x Cannot calculate for generic employee

— Other classes derive from Employee

Figure 5.26: Class hierarchy for the polymorphic employee-payroll applica-
tion.

e Downcasting

— dynamic_cast operator

x Determine object’s type at runtime
* Returns 0 if not of proper type (cannot be cast)

x NewClass *ptr = dynamic_cast ;| NewClass *; ob-
jectPtr;

e Keyword typeid

— Header jtypeinfo;,
— Usage: typeid(object)
*x Returns type_info object

x Has information about type of operand, including name
* typeid(object).name()
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1 S/ Fig. 10.23: employee.h Outline 5
2 // Employee abstract base class. —_—
3 Hifndef EMPLOYEE H
4 Hdefine EMPLOVEE H employee.h (1 of 2)
5
[} #include <string> J/ C++ standard string class
7
8 using std::string;
]
10 class Employee [
11
12 publiec:
13 Employee( const string &, const string &, const etring & );
14
15 void getFirstName{ const etring & };
16 string getFirstName() const;
17
18 void setLastName({ const string & };
19 gtring getLastName() const;
20
2 void setScecialSecurityNumber ( const string & );
22 string getSocialSecurityNumber () const;
23

© 2003 Prentice Hall. Inc.

All rights reserved.

70

24 S/ pure wvirtual function makes Employee abstract base class Outline
25 virtual double earnings{) const = 0; // pure wirtual —_—
26 virtual woid print(} const; S/ wirtual
27 employee.h (2 of 2)
28 private:
29 gtring firstName;
30 string lastName;
31 string socialfSecurityNumber;
32
33 }; // end class Employvee
34

35 Hendif [/ EMPLOYEE H

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.27: Employee class header file.
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1 J// Fig. 10.24: employee.cpp Outline H
2 J/ Bbstract-base-class Employee member-function definitions. —
3 S/ Hote: No definitions are given for pure virtual functions.
4  #include <iostream> cmployce.cpp
s (1of3)
(=] uging std::cout;
7 uzing std::endl;
8
8 #include "employee.h® [/ Employee class definition
10
11 // constructor
12 Employee::Employee( const string &first, censt string &last,
13 const string &SSN )
14 : firstName{ first ),
15 lasgtName{ last },
16 socialBecurityNumber{ 88N )
177 {
18 [/ empty body
18
20 } // end Employee constructor
21
© 2003 Prentice Hall. Inc.
All rights reserved.
22 J/ return first name Outline
23 string Employee::getFirstName{) const ——
24
25 return firstName; cmployce.cpp
e (20f3)
27 ¥ // end function getFirstName
28
29 // return last name
30 string Employee::getlastName() const
It
3z return lastName;
32
34 } // end funection getLastName
35

36 // return social security number

37 string Employee::getfSocialfecurityNumber ()} const

e

38 return socialSecurityNumber;

40

41 } // end function getSocialSecurityNumber
42

43 // =met first name
44 woid Employee::setFirstName( const string &first )

45 {

a6 firstName = first;

47

48 } // end function setFirstName
489

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.28: Employee class implementation file. (part 1 of 2)
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50 // =et last name Outline H

51 wvoid Employee::setlLastName{ const string &last ) —

52 |

53 lastName = last; amployee.cpp

i (30f3)

55 } // end function setLastName

56

57 // set =ocial security number

58 woid Employee::getSocialSecurityNumber ( const string &number )

58 {

60 socialSecurityNumber = number; // should walidate

&l Default implementation for

862 } // end function setSocialfeg virtual fhn'ction_pr;i.nt.

63

64 // print Employee's Tormation

65 woid Employee::print{} const

66

a7 cout << getFirstName{} << ' ' << getLastName()}

68 << "\nsocial security number; ®

53] << getBoecialfecurityNumber () << endl;

70

71 } // end Ffunction print
© 2003 Prentice Hall, Inc.
All rights reserved.

74

1 Jf Fig. 10.25: =alaried.h Outline

2 /[ SalariedEmployee clame derived from Employee. =S

3 fifndef SALARIED H

4 Hdefine SALARIED H salaried.h (1 of 1)

5

] Hinclude "employee.h® [/ Emplovee class definiticn

T

8 clazz SalariedEmployee : public Employee {

= New functions for the

B prsiies SalariedEmployee class.

11 SalariedEmployee( const string &, const

12 congt string &, deuble = 0.0 e

2 -earnings mu.st _be-'

14 wvoid setWeeklySalary{ double 'ovcrnldden.- lenF I o

15 double getWeeklySalary() st; _OYCI“'I'ICIC]CI] to spﬂmfy that lhlﬁ_

16 is a salaried employee.

17 virtual double earnings({) const;

18 wvirtual weid print{} censt; // "salaried employee: "

19

20 private:

21 double weeklySalary;

22

23 }; // end class SalariedEmployee

24

25 Hendif // SALARIED H

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 5.29: Employee class implementation file (part 2 of 2) and
SalariedEmployee class header file.
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1 i/ Fig. 10.26: salaried.cpp Outline

2 J/ BalariedEmployee class member-function definitions. —

3 #include <iostream>

4 salaried.cpp

5 uging std::cout; (l sz)

6

7 #include "salaried.h® /f BalariedEmployee clas= definition

8

g [/ BalariedEmployee constructor Use base class constructor for

10 SalariedEmployee::SalariedEm basic fields.

11 const string &last, =t strin

12 double =zalary )

13 : Employee( firet, last, sceialSecurityNumber )

4 {

15 setWeeklySalary({ =alary );

16

17 1 // end SalariedEmployee constructor

18

19 // =et malaried employee's =alary

20 woid SalariedEmployee::setWeeklySalary{ double =alary ]

21

22 weeklySalary = galary < 0.0 2 0.0 : salary;

23

24 1 // end function setWeeklySalary

25
© 2003 Prentice Hall. Inc.
All rights reserved.

76

26 // calculate salaried employee's pay Outline

27 double SalariedEmployee::earnings{) const ——

28

25 return getWeeklySalary(); sa!aried.cpp

30 3 7 7 P )

31 ¥ // end functicn earnings MuSt_lmplemen‘ purevmual (“ of <

35 functions.

33 // return salaried employee's salary

34 double SalariedEmployee::getWeeklySalary() const

s

36 return weeklySalary;

ar

38 1 // end function getWeeklySalary
ag

40 // print salaried employee's name
41 woid BalariedEmployee::print(} const
{

cout << "‘nsalaried employee: ";

Employee::print(}; [/ code reuse

EGEER

1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.30: SalariedEmployee class implementation file.
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J// HourlyEmployee class definition.
Hifndef EOURLY H

fidefine HOURLY H

fiinclude "employee.h® [/ Employee class definitien
class HourlyEmployee : public Employee {
public:

HourlyEmployee( const string &, const string &,

congt string &, double = 0.0, double = 0.0 };

void setWage{ double );
double getWage{)} const;

void setHours( double };

double getHours{} const;

virtual double earnings{} const;

virtual woid print{) const;
private:
double wage; /[ wage per hour
double hours; [/ hours worked for week
Y // end class HourlyEmployee
Hendif // HOURLY H
S Fig. 10.28: hourly.cpp
J// HourlyEmployee class member-function definitions.
#include <iostream>
uzing std::cout;
Hinclude "hourly.h®
/[ constructor for class HourlyEmployee
HourlyEmployee: :HourlyEmployee( const string &first,
const string &last, const string &socialSecurityNumber,
double hourlyWage, double hoursWorked )

Employee( first, last, socialSecurityNumber )

getWage [ hourlyWage );

setHours { hoursWorked };
} // end HourlyEmployee constructor
/[ =et hourly employvee's wage
void HourlyEmployee::setWage( double wageAmount )
{

wage = wageAmeount < 0.0 ? 0.0 : wageAmount;

} // end Function setWage

Figure 5.31: HourlyEmployee class

; 77
Outline
hourly.h (1 of 1)
© 2003 Prentice Hall. Inc.
All rights reserved.
78

Qutline

hourly.cpp (1 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

header file.

233
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34
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a7

289383288288

61

28R

: 79
Outline

J/ set hourly employee's hours worked —
wvoid HeourlyEmployee::setHours{ double hoursWorked
{ hourly.cpp (2 of 3)

hours = ( hoursWorked »>= 0.0 && hoursWorked <= 168.0 ) ?

hoursWorked : 0.0;

I // end function setHours
J/ return hours worked
double HourlyEmployee::getHours{) const
{

return hours;
} // end funetion getHours
[/ return wage
double HourlyEmployee::getWage{} const
{

return wage;
1 // end function getWage

© 2003 Prentice Hall. Inc.
All rights reserved.
80

[/ get hourly employee's pay Outline
double HourlyEmployee::earnings() const ——
{

if { hours <= 40 ) /f/ no overtime hourly.cpp (3 of 3)

return wage * hours;
elze // overtime is paid at wage * 1.5

return 40 * wage + ( hours - 40 ) * wage * 1.5;
1 // end function earnings
J/ print hourly employee's information
woid HourlyEmployee::print{) const
{
eout €< ®"\nhourly employse: ";

Employee::print{}; // code reuse

1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.32: HourlyEmployee class implementation file.
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S/ Fig. 10.29;: commission.h Outline Bl
J// CommissionEmployvee class derived from Emplovee. —_—
Hifndef COMMISSION H
#define COMMISSION H commission.h

(lof1)

fiinclude "employee.h® [/ Employee class definitien

class CommissionEmployes : public Employee [

public: Must set rate and sales.

T T

"0, double = 0.0 };

CommissionEmployee{ const s

congt string &, dou

void setCommissicnRate [~double };
double getCommissionBate{] conet;
void setGrossSales{ double };

double getBGrossSales{} const;

virtual double earnings{} const;

virtual woid print{) const;

private:
double grossSales; /[ gross weekly sales

double commissionRate; [/ commission percentage

}; // end class CommissicnEmplovee

© 2003 Prentice Hall. Inc.

Hendif // COMMISSION H All rights reserved.

S/ Fig. 10.30: commissicn.cpp Outline

J// CommissionEmployee class member-function definitions.

#include <liostream>

commission.cpp
uzing std::cout; (] OfQ)

Hinclude "commissicn.h® // Commission class

JJ CommissionEmployee constructor
CommissionEmployee::CommissionEmployee( const string &first,
const string &last, const string &socialSecurityNumber,

double grossWeeklySales, double percent )

Employee( first, last, socialSecurityNumber )

setGroesSales ( grossWeeklySales );

setCommissionRate{ percent };
} // end CommissionEmployee constructor
/[ return commission employee's rate
double CommissionEmployee::getCommissionRate() const
{

return commissionRate;

} // end Function getCommissionRate

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.33: CommissionEmployee class header file.

235
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BRBYE
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Lol

1

83
Qutline

J/ return commission employee's gross sales amount

double CommissionEmployee::getGrossSales() const

{ commission.cpp
return grosssSales; ('; of 1)

1 /f end function getGrossSales

[/ =et commission employee's weekly base salary
wvoid CommissionEmployee::setGrossS8ales( double sales )
£

grossSales = gales < 0.0 ? 0.0 : males;
} // end function setGrossSales

/{ =met commisszion employes's commission
void CommissionEmployee::setCommissionRate( double rate }
{

commissionRate = { rate » 0.0 &k rate < 1.0 } '? rate : 0.0;

1 // end funetion setCommissionRate

© 2003 Prentice Hall. Inc.
All rights reserved.

84
// calculate commission employee's earnings

Qutline

double CommissionEmployee::earnings{) const

{

return getCommissienRate() * getGrossSales(); commission.cpp

(3of3)

} // end funetion earnings

// print commission employee's name
void CommissionEmployee::print{) const
{

cout << "‘ncommission employee: ";

Employee::print(}; // code reuse

1 // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.34: CommissionEmployee class implementation file.
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1 S Fig. 10.31: baseplus.h - m Ut“ne 83
2 J/ BasePlusCommissionEmployee class derived from Em| Inherits from [
3 Hifndef BASEPLUS H camm_iss_ibnEmplb'yee

4 Hdefine BASEPLUS H (and from Employee s.h(lof 1)
5 indirectly).

[} finclude "commission.h® [/ Employee cla definitiom

7

B8 class BasePlusCommissionEmpleoyee : public CommissionEmployee [

]

10 public:

11 BasePlusCommissionEmployee( const string &, const string &,

12 congt string &, double = 0.0, double = 0.0, double = 0.0 };

13

14 void setBaseSalary({ double };

15 double getBaseSalary{} const;

16

17 wirtual double earnings{} const;

18 wirtual weid print{} const;

18

20 private:

21 double bazeSalary; J/ base galary per week

2=

23 }; // end class BasePlusCommissionEmployee

24

25 Hendif // BASEPLUS H

© 2003 Prentice Hall. Inc.
All rights reserved.

86
S Fig. 10.32: baseplus.cpp

Qutline

J// BasePlusCommissionEmployees member-function definitions.

#include <iostream>

baseplus.cpp
uging std::cout; (10f2)

Hinclude “"baseplus.h®

/[ constructor for class BasePlusCommissionEmployee
BasePlusCommissionEmployee: :BasePlusCommissionEmployee {
const string &first, const string &last,
congt string &=zocialSecurityNumber,
double groesSalesAmount, double rate,
double baseSalarvAmount )
CommissionEmployee{ first, last, socialSecurityNumber,

grossSalesAmnount, rate )
setBaseSalary( baseSalaryAmount ) ;
1 // end BasePlusCommissionEmployee constructor
/f =et bage-salaried commission employee's wage

woid BasePlusCommissionEmployee::setBaseBalary( double =alary )

1

B e e e VT S W S e & (%] -k

25 baseSalary = salary < 0.0 7 0.0 : salary;
26
27 } // end function setBaseSalary

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.35: BasePlusCommissionEmployee class header file.
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87
= Qutline
28 J/ return base-salaried commission employee's base salary —
30 double BasePlusCommissionEmployee::getBaseSalary ()} const
31 baseplus.cpp
3z return baseSalary; (2 of 2)

33

34 1 /f end function getBaseSalary

as

36 J// return base-sslaried commission employee's sarnings

37 double BasePlusCommissicnEmployee::earnings({) const

as {

a9 return getBaseSalary(] + CommissionEmployee::earnings();

40

41 } // end function earnings

42

43 // print base-salaried commisgion employee's name

44 +woid BasePlusCommissionEmployee::print{) const

45 {

a8 cout << "\nbase-galaried commisgsion employse: ";

a7 Employee::print(}; [/ code reuse

48

49 1 // end funetien print
© 2003 Prentice Hall. Inc.
All rights reserved.

88
1 /) Pig. 10.33: £iglo_33.cpp Qutline
2 J/ Driver for Employee hierarchy. —
3 #include <iostream>
4 fig10_33.cpp
5 uging std::cout; (l Of4)

(=] uging std::endl;

7 uzing std::fixed;

8

8 #include <iomanip>

10

41 using std::setprecision;

12

13 #ineclude <vector>

14

15 ueing estd::vector;

16

17 #include <typeinfo>

18

19 #include "employee.h” /[ Employee base class

20 #include "salaried.h” // SalariedEmployee class
21 ‘#include "commissien.h® [/ CommissionEmployee class
22 #include "baseplus.h” // BasePlusCommissicnEmployes class
23 ‘#include "hourly.h" /7 HourlyEmployee class

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5.36: BasePlusCommissionEmployee class implementation file.
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25 int main() Qutline ¥

26 | —_—

27 /[ set floating-point output formatting

28 cout =< fixed << setpreciesion({ 2 }; ﬁg](}_}]_cpp

= (2 0f4)

30 /[ create wvector employees

31 vector < Employee * > employees( 4 );

a2

33 Jf initialize vector with Employees

34 employees[ 0 ] = new SalariedEmployee{ ®"Jchn®, "Smith®,

35 L5 6 s 5 S o e A R ¥ 1 9 T8 T

36 empleyees[ 1 ] = new CommissionEmpleyee{ ®"Zue®, "Jones®,

37 m393-22-32232", 10000, .08 );

38 employees[ 2 ] = new BasePlusCommissionEmployee{ “"Eob®,

39 "Lewis™, "333-33-3333", 300, 5000, .04 }j

40 empleyees[ 3 ] = new HourlyEmpleyee{ "Karen", "Price”,

41 "444-44-4444", 16.75, 40 };

42
© 2003 Prentice Hall. Inc.
All rights reserved.
| 90

43 S/ dgenerically process each element i = 5 = =

o L Use downcasting to cast thccmplqye.c Db_[el)ct lr!toa

= BasePlusCommissionEmployee. Ifit points to

. e e the correct type of object, the pointer is non-zero. This

47 employees] 1 1 sprinti); way, we can give a raise to only

48 BasePlusCommissionEmployees.

49 £/ downecast pointer

50 BasePlusCommisziconEmployee *commissionPtr =

51 dynamic cast < BasePlusCommissionEmployee * >

52 { employees[ 1 1 );

53

54 // determine whether element points to baze-zalaried

55 /[ commission employvee

56 if { commissieonPtr != 0 ) |

57 cout << "old base salary: §"

58 << gommissionPtr->getBaseSalary(} << endl;

59 commissionPtr->setBaseSalary (

60 1.10 * commissionPtr->getBaseSalary{} ):

61 gout << "new base salary with 18% increase im: §"

62 << commissionPtr->getBaseSalary(} << endl;

63

64 1 /{ end if

65

66 cout << "earned §7 << employees[ i ]->earnings() << endl;

&7

68 1 // end for

69

© 2003 Prentice Hall. Inc.
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Figure 5.37: Employee class hierarchy driver program.(part 1 of 2)
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70 // release memory held by vector employees Outline L
71 for ( int § = 0; j < employees.sizel(); j++ } [ =
72
73 // output class name ﬁg]()_]]_cpp
74 cout << "\ndeleting object of " (4 of 4)
75 << typeid( *employees[ j ] }.name();
76
v delete employees[ j 1;
78
79 1 // end for typeid returns a
80 type info object. This
g e object contains information
& about the operand, including
83 return 0; .
84 1fs name.
85 } // end main
©) 2003 Prentice Hall, Inc.
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salaried emplcyee: John Smith O H
utline

social security number: 111-11-1111
earned $800.00

fig10_33.cpp
output (1 of 1)

commissien employees: Sue Jones
gsocial security number: 222-22-2222
earned $600.00

base-salaried commission employee: Bob Lewis
zocial security number: 333-33-3333

old base salary: $300.00

new base salary with 10% increase is: $330.00
sarned $530.00

hourly employee: Karen Price
@ocial security number: 444-44-4444
carned $670.00

deleting object of class SalariedEmployee

deleting object of class CommissionEmployee
deleting object of class BasePlusCommissionEmployee
deleting object of class HourlyEmployee

© 2003 Prentice Hall. Inc.
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Figure 5.38: Employee class hierarchy driver program.(part 2 of 2)
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