Welcome

Object Oriented Programming with C++
CIS 265

Week 3 — C with Classes

Christopher K. Burns

Burns — Winter 2005 CIS 265 — Object Oriented Programming



Syllabus — schedule

W eek

Content

1/11

Review

Chapter 1 Intro to Computers and C++ Programming
Chapter 2 Control Structures

Chapter 3 Functions

Chapter 4 Arrays

1/18

Additional Array and Function Topics
Chapter 5 Pointers and Strings

Lab 1 — Functions, Arrays, and Strings
Homework 1 Assigned

1/25

Chapter 6 Classes and Data Abstraction

2/1

Chapter 7 Classes: Part ]
Lab 2 — Classes 1
Homework 1 Due

2/8

MID-TERM EXAMINATION (Chapters I through 7%)
*only portions of chapter 7 that were covered in class
Final Project Assigned

2/15

Chapter 7 Classes: Part II
Chapter 8 Operator Overloading
Homework 2 Assigned

2/22

Chapter 8 Operator Overloading
Homework 2 Due
Lab 3 — Classes 2

3/1

Chapter 9 Inheritance: Part |
Homework 3 Assigned

3/8

Chapter 9 Inheritance: Part II
Chapter 10 Polymorphism
Homework 3 Due

10

3/15

Chapter 10 Polymorphism
Lab 4 — Inheritance and Polymorphism

11

3/22

FINAL PROJECTS DUE
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Agenda

Tonight's agenda

* Review of last week

* Arrays, Pointers and Strings

« Homework 1 and Lab 1 questions
* References

* Function overloading

e C++ Classes
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Object Oriented Programming

Home Work
Homework #1 — Due next week
Lab #1 — Due next week

Read Chapter 6
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Pointers and References

Pointers allow for pointer math and the actual
address contained in the pointer can be
changed.

C++ introduced a different type of pointer called a
reference.

A reference is a pointer in spirit but it acts just like
the variable it is pointing to.

A reference can be thought of as an alias for a
variable.

Burns — Winter 2004 CIS 265 — Object Oriented Programming



Pointers and References

inti=10;

int &iRef = i; // iRef is a reference to i

int *iPtr = &i; // 1Ptr is a pointer to |

cout << “1 = “ << i << “IiRef = “ << iIRef << “ *IPtr = “ << *iPtr << endl|

=10 iRef=10 *iPtr=10

Burns — Winter 2004 CIS 265 — Object Oriented Programming



Passing References

void swapRef( int &a, int &b )

{
int temp = a;
a = b;
b = temp;

}

main ()

{
int 1 = 10;
int J = 20;
cout << "1 = " << 1 << endl;
cout << "j = " << J << endl;
cout << "swapping i and 3" << endl;
swapRef ( i, j );
cout << "1 = " << i1 << endl;
cout << "j = " << J << endl;
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Passing Pointers

void swap( int* a, int* b )

{
int temp = *a;
*g = *b;
*b = temp;

}

main ()

{
int 1 = 10;
int J = 20;
cout << "1 = " << 1 << endl;
cout << "j = " << J << endl;
cout << "swapping i and 3" << endl;
swap( &i, &3j );
cout << "1 = " << 1 << endl;
cout << "j = " << J << endl;
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Ad-hoc Polymorphism

 Function Overloading

— You can have multiple functions with the same
function name.

— The functions are differentiated by the parameters
that are passed to them.

— The following functions all have the same name, so it
IS easy for the user of your function. Depending on
the parameters passed a different actual version of
your function is called.

 printMe( char* )

« printMe( int)
 printMe( float )
 printMe( char*, char* )
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Ad-hoc Polymorphism

 Function Overloading

— In C++ the name of your function is:
functionName + parameterNames

(this is what is referred to a C++ name mangling)

— The C++ name of the function does not include the
return value since it is optional for the caller to use the
return value.

— Thus in C++:
int printMe( char* ) has the same name as bool printMe( char*)
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Ad-hoc Polymorphism

 Function Overloading

— The C++ name of the function does not include the
return value since it is optional for the caller to use the
return value.

— Thus in C++:
int printMe( char™ )
has the same name as
bool printMe( char* )

— If you tried to compile you would get the error:

error C2556: int printMe (char*) overloaded
function differs only by return type from bool
printMe (char*)
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Function Overloading

 Function Overloading

— You are writing a function to divide two
numbers.

* |f the two numbers are floats, just divide as normal.

* |f the two numbers are integer, divide them but
return the result rounded using the floor() function.
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Example — divideUs

#include <iostream>
#include <cmath>
using namespace std;

const int MAX_STRING_LEN = 256;

float divideUs( float numl, float num2 )
{

cout << "divideUs - float version called" << endl;
float returnValue = numl / num?2;
cout << " — " << numl << " / " << num?2 << " = " << returnValue << endl;

return returnValue;

int divideUs( int numl, int num2 )

{

cout << "divideUs - integer version called" << endl;
int returnValue = (int)floor( (float)numl / (float)num2 );
cout << " - " << numl << " / " << num2 << " = " << returnValue << endl;

return returnValue;
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Example — divideUs

Calling divideUs:

main ()

{
char aStringl[ MAX_ STRING_LEN ];
char aString2[ MAX_ STRING_LEN ];

cout << "Enter two numbers seperated by a space: ";
cin >> aStringl >> aString2;

float floatNuml =
float floatNum?2
float floatResult

(float)atof ( aStringl );
(float)atof ( aString2 );
= divideUs( floatNuml, floatNum2 );

n
int intNum2?2 = (int) floatNum2;

int intNuml = (int)floatNuml;
(
int intResult = divideUs( intNuml, intNum2 );
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Classes

Before looking at classes, lets look at the
struct data type in C

What is a struct?

— A struct is a special data type that
can contain multiple variables

— It is usually used to organize
related variables together
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Classes

What is a struct?

— A struct data type might be created for a car
— The car struct would contain data related to a car

— Some of these fields of the car might be:
« Current Odometer

Blue Book Value

Last oil change date

Life time service cost

Original Price

Owner’s name
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Declaring a Struct

struct Car
{
float odometerReading;
float blueBookValue;
long lastOilChangeDate;
float lifeTimeServiceCost;
float originalPrice;
char ownerName [MAX STRING_ LEN];

s
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Using a Struct

Creating a struct instance

» Create an instance of a struct on stack
— Car myCar;

« Create an instance of a struct on heap
— Car *myCar = new Car;

» Delete instance of a struct from the heap
— delete Car;

Variables allocated on the stack are automatically de-allocated when
they go out of scope.

Variables allocated in the heap need to be explicitly de-allocated.
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Heap vs. Stack

When a computer program executes, it must allocate memory
for variables.

The run-time memory of a program is made of three
subdivisions:
— Code
— Stack
— Heap

Typically memory can be allocated on either the stack or in
the heap.

In most high level languages, the details are taken care of for
you by the compiler, but you need to be aware of the
iImplications
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Heap vs. Stack

Stack:

— Variables allocated locally are pushed onto this stack

— When functions are called their parameters are
pHshed onto this stack, as well as any variables they
allocate

— When function exits, its variables are popped off the
stack

— Stack has important implications for variable scoping

— On the x86 platform, stack variables can be accessed
quickly

— Typically there is a size limit to the stack, so do not
want large variables to be allocated here.
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Heap vs. Stack

Heap:

— Variables allocated in heap remain there even after
the function that allocated it exit

— Variables allocated here must be explicitly de-
allocated, else memory “leaks”

— Some run-times include a Garbage collector to
automatically de-allocate space.

— Generally, the heap can be much larger than the
stack. Allocate large arrays and large classes here

— Memory fragmentation can be an issue. Some run-
tihmes iInclude a heap manager that can take care of
this

Burns — Winter 2004 CIS 265 — Object Oriented Programming



Heap vs. Stack

So what does all this mean?

— Variables declared locally are removed from memory
when they leave their block of code

— When passing variables to functions, they are
allocated on the stack. Pass large variables as
pointers to avoid stack bloating.

— If you have a large array or class, declare it on the
heap using either malloc() or new

— If you use malloc() or new, you are responsible for
releasing the memory with free() or delete
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Using a Struct

Structs are variables, thus we will have to access
them either as variables or pointers

The fields of a struct are accessed differently if the
struct is a variable or a pointer

The members of a struct can be accessed by
either the “." or *->’ operators.
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Using a Struct

If you are accessing an instance of the struct, use ‘.’
myCar.originalPrice = “/75000.00";

If you have a pointer to the instance of the struct, use ->’
myCarPtr—->originalPrice = “/5000.00";
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Struct

Passing a struct to a function

vold printMileage( Car car )

{

cout << "Meleage 1s " << car.odometerReading << endl;

main ()

{

Car myCar;
myCar .odometerReading = 20000;
printMileage ( myCar );
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Struct

Passing a struct as a pointer to a function

(because some structs can get quite large, it is preferable to pass them as pointers)

volid printMileage ( Car* car )

{

cout << "Meleage 1is " << car—->odometerReading << endl;

main ()

{
Car myCar;
myCar .odometerReading = 20000;
printMileage ( &myCar );
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Struct

What If a struct could contain not
only variables, but functions that
are useful to those variables.

Useful Functions in our Struct
might be:
» check if it Is time for an oil change
« determine if the car is a lemon
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Struct

In C++ Structs can contain functions. When
a function is contained it is usually called a
method of that entity.

Useful Functions in our Struct might be:
 check if it is time for an oil change
 determine if the car is a lemon
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Struct

#include <iostream>
using namespace std;

const int MAX_STRING_LEN = 128;

struct Car

{

}i

float odometerReading;
float lifeTimeServiceCost;
float originalPrice;
char ownerName [MAX_STRING_LEN];
// a function in our struct:
bool isCarALemon ()
{
return ( lifeTimeServiceCost > originalPrice );

}

void main ()

{

Car aCar;
char inputString[MAX_STRING_LEN];

cout << "Owner's name: ";

cin >> aCar.ownerName;

cout << "How much did the car cost " << aCar.ownerName << " ?\n$";
cin >> inputString;

aCar.originalPrice = atoi( inputString );

cout << "How much has " << aCar.ownerName << " paid for vehicle service?\n$";
cin >> inputString;
aCar.lifeTimeServiceCost = atoi( inputString );
cout << aCar.ownerName << "'s car is " <<
( aCar.isCarALemon() ? "a lemon" : "okay" ) << endl;

Burns — Winter 2004

CIS 265 — Object Oriented Programming



Object Oriented Development

What is a class?

— A class is a collection of attributes and behaviors.
— A well designed class has a single purpose.

— An instance of a class is an object.
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Classes

A class Is (essentially) a struct

They are the essentially the same data type, but
“typically” a struct is a data record, while a class
IS an encapsulated entity that can be interacted
with as an object.

Members of a struct are public by default, while
members of a class are private by default.

Because you already know how to create a struct,
you know the basics of how to create a class.
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Classes

Classes can have public and private members

Design a class so that it only publicly provides
alccess to members that are needed to use the
class.

Members of a class that are not needed to use the
class should be private.

Members of a class are accessed just like a struct
using ‘.’ or ->’
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Struct becomes a Class

#include <iostream>
using namespace std;

const int MAX STRING_LEN = 128;
//struct Car
class Car
{
public:
float odometerReading;
float lifeTimeServiceCost;
float originalPrice;
char ownerName [MAX_STRING_LEN];
// a function in our struct:
bool isCarALemon ()
{
return ( lifeTimeServiceCost > originalPrice );
}
}i

void main ()
{
Car aCarj;
char inputString[MAX_STRING_LEN];

cout << "Owner's name: ";

cin >> aCar.ownerName;

cout << "How much did the car cost " << aCar.ownerName << " ?\n$";
cin >> inputString;

aCar.originalPrice = atoi( inputString );

cout << "How much has " << aCar.ownerName << " paid for vehicle service?\n$";
cin >> inputString;
aCar.lifeTimeServiceCost = atoi( inputString );
cout << aCar.ownerName << "'s car is " <<
( aCar.isCarALemon() ? "a lemon" : "okay" ) << endl;
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Classes

Programmers like to keep their class definitions clean so that they are easy to read.
This includes implementing functions outside of the class definition.
This is done by prototyping the function in the class, and implementing it outside.

The outside implementation is done by “scoping” (the :: operator) the function name
within the class name:

class ClassName
{
public:
int someIntVariable;
bool methodName ( int anIntValue ); // this is just a
// regular protoype

s

// implement our function outside the class definition
bool ClassName: :methodName ( int anIntValue )
{

// do something meaningful

return true;
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Classes

class Car
{
public:
float odometerReading;
float lifeTimeServiceCost;
float originalPrice;

bool isCarALemon(); // this is now just a
prototype

s

bool Car::isCarALemon ()

{

return ( lifeTimeServiceCost > originalPrice );
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Multiple Files in VC++

Although you can define a class, implement it, and use it in one file, this is
not generally a good idea.

Simple class can be done this way, but with more complicated class it can
lead to a source file that is difficult to maintain and will cause great
frustration.

C++ programmers usually define their class in a header file, implement it in
a source file, and reference from where they are invoking it.

MyClass.h MyClass.cpp MyProgram.cpp
(header file) (source file) #include “MyClass.h”
Defines MyClass #include “MyClass.h” Car aCar;

Implements MyClass
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Multiple Files in VC++

#include

The #include directive tells the compiler to include the text from the
specified file in that location.

MyClass.cpp

(source file)
MyClass.h M ~ #include “MyClass.h”
(header file) can implement Implements MyClass

Defines MyClass | Neegs ¢

0 kno
Create gn, instW What the class i o . MyProgram.cpp
ANCe of it ang om0 It can
et

~ #include “MyClass.h”

MyClass anlnstance;
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Multiple Files in VC++

Carinfo.h

const int MAX_ STRING_LEN = 128;

class CarInfo
{
public:
float odometerReading;
float lifeTimeServiceCost;
float originalPrice;
char ownerName [MAX_STRING_LEN];

bool isCarALemon () ;

}i

MyProgram.cpp

#include <iostream>

#include "CarInfo.h"

using namespace std;
void main ()

{
CarInfo aCar;
char inputString[MAX_STRING_LEN];

"Owner's name: ";

cout <<
cin >> aCar.ownerName;
"How much did the car cost "

n ?\n$",'

cout <<
aCar.ownerName <<

cin >> inputString;

Carlnfo.cpp

#include "CarInfo.h"

bool CarInfo::isCarALemon ()

{

return (

lifeTimeServiceCost > originalPrice );

aCar.originalPrice = atoi(

cout << "How much has "
cin >> inputString;

aCar.lifeTimeServiceCost = atoi (
cout << aCar.ownerName << "'s car is

( aCar.isCarALemon() ? "a lemon"

<<

inputString );
<< aCar.ownerName <<

" paid for vehicle service?\ns$";

L P

n Okay"

inputString );

) << endl;
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Multiple Files in VC++

Actually creating these multiple files in VC++ 6.0
Create a new project as usual:

*« Demo3 - Microsoft Visual C++

File Edit View Insert Project Build Tools Window Help

[ A Chrl-+
[= Open... Ctrl+0
Filez=  Projects w'ark spaces | Other Docurments
Open Workspace. .. =
[ B - : ” . I hd
Save Workspace MATLEPM oovznn Hwn gt Ly e wihat kind of Consols Appiication do you
¢| Cluster Resource Type Wizard Demo3 want to create?
Close Workspace - : :
gi<| Custam Appi/fizard 3
F Database Project L2 0 #
'I DevStudio Add-in ‘wizard iy D A gimple application.
S Extended Stared Proc Wizard " " P
& save al & 1547 Extension Wizard $ o
- . " &n application that supports MFC.
i) M akefile f+ Creatq
w (A FC A ctived Controbfizand -
[8] MFC Appiwizard [l r
- Recent Files » MFC Appwiizard [exe] I—
= i Mew D atabase \Wizand
A Recent Workspaces » 5 5 ;
T Utility Project
Exit ] Win32 Application o Biifois
wind2 Conszole Application Wi
|%] WwinZ2 Dynamic-Link Library 0
< >
s Build [ Debug S Find in Fil
Creates a new document, project or warkspace < Back | Finish | o
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Multiple Files in VC++

Add a source file, as usual:

*« Demod - Microsoft Visual C++

File Edit View Insert Project Build Tools Window H

= Cirl+M

O
[= Open... Ctrl+0

Open Workspace. ..
Save Workspace

Close Workspace

ﬁ Save Al

Recent Eiles 4

A Recent Workspaces »

Exit

i)

Files | Frojects | Wwhorkspaces

Qther Documents

g"i Active Server Page
2| Binary File

Bitmap File

[+ CAC++ Header File
Kl C++ Source File
Ew\a Curzor File

[®] HTML Page

EE [zon File

tacra File

Rezource Scrpt

9l Fesource Template
SOL Script File
Text File

Iv Add bo project:

| Demod

File name:

|h-'|_I,IF'n:|gram.|:pp

Location:

|I::"-.MY COCUMEMTSMSTRAYEF J

' Build / Debug % Findin Files 1 % Find in Filed

o |

Cancel

Creates a new document, project or workzpace
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Multiple Files in VC++

Then add a header file and a matching source file:
B

Files | Frojects | ‘Workspaces Other Documents |‘-—|E‘|gl

¢ Active Server Page IV Add to project:
nef= ;
::?nj;yp’:l-'"i.lae |Dem03 j Files | Projects | ‘Workzpaces Other Documents
MR C/C++ HE-a-:IEer File: rﬁ Active Server Page [v fdd to project:
[B) Ce+ Source File File: name: 0 Binary File Demo3 =l
T Cursar File |ca,|nf.;._h Bitmap File =
9 HTML Page : [) C/C++ Headsr Fils
EE lcan FI|E-'. Legallen B} C++ Source File File: name:
Lon Macra File |E:'\MY DOCUMEMNTSASTRAYEF ... R -
Resource Script _ @ HTML Page |Car|nh:u.|:|:|p
Resource Template EE' o iar:
: F can File Lozation:
Feie L a Macra File |CMY DOCUMENTS\STRAYEF .|
Tet File Resource Script
Resource Template
SOL Seript File
Test File

ok | Cancel

ok | Cancel

', Build / Debug 3 FindinFies1 % FindinFiles2 3 Results 3 SOL Debugging / [[a]] »]

Creates a new document, project or workzpace
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Multiple Files in VC++

The file view for your project should look like:

*. Demo3 - Microsoft Visual C++ - [Carlnfo.cpp] |:]E|g|
[ Fle Edit View Insert Project Buld Tools Window Help =] x|
EIE S = B2~ T R Gy fstruct ~] | 4
| | [ il ER

2= =

YWorkzpace Temo3”; 1 project(s]

- Demo3 files

=424 Source Files
Carlnfo.cpp
tuProgram. cpp

—)--=3] Header Filez

[C] Resource Files

™2 ClassView | =] Fileiew | ; S
I
J [E——

-
', Build / Debug % FindinFiles1 % FindinFiles2 5 Results % S0L Debugging / Nall o[

Feady
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Multiple Files in VC++

Add code to your files (class definition in class header file,
class implementation in class source file, and main
program in main source file)

*« Demo3 - Microsoft Visual C++ - [MyProgram.cpp]

E] Fle Edit View Insert Project Build Tools Window Help =k
2 =Ed B =~ | B B | Gy |struct MM
| [Globals) = || [ global members) =1 ~|A -4

S| #include "CarInfo.h"
u=sing namnespace =td:

=
YWirkspace Demo3" 1 project(z] void mainf)
| J

| Demu3 files oo .
= 3 arInfo aCar:
Q “E:;':Escpp Char inputString[MAX STRING_LEN]:
= - cout <¢ "Owner's name: "
cin »» aCar. ownerName:
=)-4=4 Header Files cout << "How much did the car cost " <<
[E] cainfoh aCar.ownerName << " 7~n$":
cin »» inputString:
alCar . DriginalPrice = atoi{ inputString )
cout << "How much has " << aCar owneranes
> " paid for wehicle service?-n$"
cin »> inputString:

B8 ClassView | =] FileView : e Ty el R g o A . vI

I.1nk1ng S

|3 Resource Files

Demod.exe — 0 errori(=s). 0 warning(s)

[+ Build ¢ Debug % FindinFiles1 3 FindinFiles2 % Resufte % SOL Debugging Nall [

Feady Ln21, Call
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Multiple Files in VC++

The Class View for your project also shows the attributes
and /methods of your class(es)

*« Demo3 - Microsoft ¥isual C++ - [Carlnfo.h]

[ File Edit View Insert Project Build Tools Window Help -8 E
2 =& ] Bl M BB Gy struct |
| =l =l e -
Al x| con=t int MAX STRING LEN = 128; =
clas=s Carlnfo 2
= - Demo3 clazzes
= "Em public:
isCantl float odometerReading:
s :T TE" gmorj[] Cost float lifeTimeServiceCost
@ liteTime IS float originalPrice:;
i odometerReading char ownerWHame[MAX STRING_LEN]:
@ originalPrice bool isCarialemon():
i@ ownerMame +:
-3 Globals
\ & mainf)
B2 Class\iew | ] FieView | ; wf
#[Linking. .. 4
Denol exe — 0 erroris)., 0 warningis)
'\ Build / Debug % FindinFiles 1 % FindinFiles2 % Resuts % SOL Debugging / Nall o[

Fieady
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