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class DateClass {
int m month;

int m day;
public:

Tl
<l
L1

int m year;
void setDate(int month, int day, int year) {
m month = month; m day = day; m year = year;
}
void print() {

std: :cout << m month << 7/” << m day << 7/” < m_year
b



Mixing access specifiers

void main () {
DateClass date;
date. setDate (10, 14, 2020): // okay
date. print () ; // okay

date.m year = 1984: // error: ‘DataClass::m year : cannot a
ccess private member declared in class ‘DataClass ¢

}
public interface/28#EO: setDate(), print()

Rule: BRIEEEBTIHIFER, EIR A 1z BHY. FABRIAZFAEH.




Why make members private?
Encapsulation
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Benefit: encapsulated classes are easier to use and
reduce the complexity of your programs

 only need to know public members to use the class

* |t doesn’t matter how the class was implemented internally

+ a class holding a list of names could have been implemented using a dynamic
array of C-style strings, std::array, std::vector, std::map, std::list, or one of many
other data structures.

« dramatically reduces the complexity of your programs, and also
reduces mistakes

* Imagine how much more complicated C++ would be if you had to
understand how std::string, std::vector, or std::cout were implemented
In order to use them!



Benefit: encapsulated classes help protect your
data and prevent misuse

 two variables have an intrinsic connection
class MyString{
char *m string; // we’1ll dynamically allocate our string here
int m length: // we need to keep track of the string length
b
* If m_length were public, anybody could change the length of the string
without changing m_string (or vice-versa) => Inconsistent state

* use public member functions can ensure that m_length and m_string
are always set appropriately



Benefit: encapsulated classes help protect your
data and prevent misuse
e two variables have an intrinsic connection

class IntArray({
public:
int m array[10];

};

IntArray array;

array. il _array [16] — 2, // invalid array index, now we overwrote memory that we don’ t own

* How to solve this?



class IntArray

{

private:
int m array[10]; // user can not access this directly any more
public:
void setValue(int index, int value) {
// If the index is invalid, do nothing
if (index < 0 || index >= 10)
return,;

m arraylindex] = value:



Benefit: encapsulated classes are easier to change

class Something{
public:
int m valuel;
int m_valueZ2;
int m valued;

};

int main() {
Something something;
something.m valuel = 5; Nothing can be changed
std: :cout << something.m valuel << ’\n’;



class Something{
private:

int m valuel; int m value2; int m value3;

public:
void setValuel (int value) { m valuel = value; }
int getValuel() { return m valuel; }

};

int main () { Same printing result, but chance to change member data
Something something;

something. setValuel (5) ;
std::cout << something. getValuel () << ’\n’;



Benefit: encapsulated classes are easier to change

class Something{
private:
int m value [3] - // note: we changed the implementation of this class!

public:

// We have to update any member functions to reflect the new
implementation

void setValuel (int value) { m_value[0] = value; }

int getValuel() { return m valuel[0O]; }
} ; * Program using the code continues to work without any changes!
something. setValuel (5) : « They probably wouldn’t even notice!
std: :cout << something. getValuel () << ’\n’:



Benefit: encapsulated classes are easier to debug

« Often when a program does not work correctly, it is because one of our
member variables has an incorrect value.

* |f everyone Is able to access the variable directly, tracking down which
piece of code modified the variable can be difficult.

* However, If everybody has to call the same public function to modify a
value, then you can simply breakpoint that function and watch as each
caller changes the value until you see where it goes wrong.
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i (private) =) WMAFIAHXLH TS

class Foo{ int main() {

pU,b]_iC: FOO fOOl — { ’ 5 }, // initialization list
in_t IIl_X; FOO f002 { 6, 7 } ; // uniform initialization (C++11)
: return O;
int m y; )

};

However, as soon as we make any member variables private, we're no lo
nger able to Initialize classes in this way.

It does make sense: if you can't directly access a variable (because it's p
rivate), you shouldn’t be able to directly initialize it. => constructor



Constructors
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Default constructorsEiiA #3933

« RESHAESHEBENE
class Fractionf{

int m_numerator; int m denominator;
public:

Fraction() { // default constructor

m numerator = 0; m denominator = 1;

}

int getNumerator() { return m numerator; }
I
Fraction frac: // Since no arguments, calls Fraction() default constructor
std: :cout << frac. getNumerator () << ”/” << frac. getDenominator () << ’\n’;



VS RURNIAE T 0L (2B = HESE

Fraction() { // default constructor

m numerator = 0; m denominator = 1;
Fraction(int numerator, int denominator=1) {
assert (denominator != 0);
m numerator = numerator,;
m denominator = denominator;

Fraction(int numerator=0, int denominator=1) {
assert (denominator != 0);
m numerator = numerator,
m denominator = denominator;

} RV : BRIEEEHEAR, HFHERHIE. BRMENESEMEM—EE.



* If you do have other non-default constructors in your class, but no default
constructor, C++ will not create an empty default constructor for you

class Date{
private: int m year:; int m month; int m day:
public:
Date (int year, int month, int day){ // not a default constructor
m year = year; m month = month; m day = day; }
// No default constructor provided

};

Date date; // error: Can’t instantiate object because default constructor doesn’t exist
Date today (2020, 10, 14); // today is initialized to Oct 14th, 2020



Quiz time - Write a class named Ball.

« The following sample program should compile:

Ball
Ball
Ball
Ball

def; def.print(); CO
blue ("blue”) ; blue.print(): gg
twenty (20. 0) ; twenty. print () ; co

or.
or.
or.
or.
blueTwenty ("blue”, 20.0): blueTwenty. print() :

0
0
0
0

ack, radius: 10
ue, radius: 10
ack, radius: 20
ue, radius: 20



BATI?

class Something

{

const int m_value;

public:

Something()

{//error C2789: 'Something::m _value': an object of const-
qualified type must be initialized

m _value = 1; //error C2166: 1l-value specifies const object

b

}; // it is assignment@R{EH, not initialization#JiF{k



member initializer listspl A #1553

class Something{
private:

const int m value;
public:

Something () {
m value = 1; // error: const vars can not be assigned to

};

const int m value; // error: const vars must be initialized with a value
m value = 5; // error: const vars can not be assigned to



Member initializer lists

class Something{
int m valuel;
double m value?2;
char m value3;
public:
Something() : m valuel(l), m value2(2.2), m value3(Cc’)
// directly initialize our member variables

{

// No need for assignment here

}



Overlapping and delegating constructors

class Foo Using a separate function
{ class Foo{
public: private:
Foo () { void DoA() { // code to do A }
// code to do A
} » public:
Foo){ DoAQ; }
Foo(int value) {
// code to do A Foo(int nValue) {
// code to do B DoA() :
} // code to do B
b }

};

code duplication is kept to a minimum.



you may find yourself in the situation where you want
to write a member function to re-initialize a class
back to default values.

class Foo{
public:
Foo() { Init(); }

Foo(int value) { Init();
// do something with value

}

void Init() { // code to init Foo }



Delegating constructors in C++11

class Employee {
private:
int m id; std: :string m name;
public:
Employee (int id, std::string name):
m id(id), m name (name) { }

// All three of the following constructors use delegating constructors to minimize r
edundant code

Employee() : Employee(0, ””) { }
Employee (int id) : Employee(id, ””) { }
Employee (std: :string name) : Employee(0, name) { }

};



a hidden pointer named “this”

* “When a member function is called, how does C++ keep track of which
object it was called on?”

e simple. setID(2) ;

¢

e setID(&simple, 2); // note that simple has been changed from an
object prefix to a function argument!

e void setID(int id) { m id = id; }

e void setID(Simple* const this, int id) { this—>m id = id; }



Chaining objects

class Calc{
private: 1int m value;

public:
Calc() { m value = 0; }

void add(int value) { m_value += value; }
void sub (il’lt Value) { m_value —= value; }
void mult (il’lt Value) { m_value *= value; }

int getValue () { return m value; }



Chaining objects

e Cal
e cal

e cal

e cal

c calc;

c.add(5); // returns void
c.sub(3); // returns void
c.mult(4); // returns void

e std::cout << calc. getValue() << ’\n’;

e cal
e Cal
e Cal

7%

c.add(5).sub(3).mult(4);

c& add(int value) { m value += value; return *this; }
c& sub(int value) { m value —= value; return *this; }

e Cal

c& mult(int value) { m value *= value; return *this; }



Const class objects and member
functions



Static member variables



Friend functions and classes

AR, TRz



Operator



Overloading operators for operands of different types

class Cents{

// add Cents + int using a friend function
friend Cents operator+(const Cents &cl, int value):
// add int + Cents using a friend function
friend Cents operator+(int value, const Cents &cl);

};



Overioading the 1/0 operators



class Point{
double m x, my, m z;
public:
Point (double x, double y, double z): m x(x)-- { }

double getX() { return m x; } --};

Point point (5.0, 6.0, 7.0):

std::cout << “Point(” << point.getX() << 7, 7
point. getY() << 7, 7
point. getZ() << 7)7;



class Point{

public:
void print () {
std::cout << “Point(" <K mx <7, " KLmy<KK” "T<Lmz<K”")7”;
}

b

e std: :cout << "My point is: ”;
e point. print () ;

e std::cout << ” in Cartesian space. \n”;

cout << "My point is: ” << point << ” in Cartesian space. \n”;



OverloadingE %, operator<<

e std::cout << point.
e operatorf{ESF is <<
« operandsiE{E#?

o A {E#istd::cout// std::ostream is the type for object std::cout
« H1R{EHpoint

e friend std::ostream& operator<< (std::ostream &out, const Point
&point) ;



class Point {

friend std::ostream& operator<< (std::ostream &out, const Po
int &point) ;

};

std: :ostream& operator<< (std::ostream &out, const Point &point)

{

out << "Point(” << point.m x << 7, 7 << point.m y << 7, 7 K
point.m z << 7)7;

return out;



The trickiest part here is the return type.

» friend Cents operator+(const Cents &cl, const Cents &c2);

e friend std::ostream& operator<< (std::ostream &out, const Point
&point) ;

« EEHHH S “chain” {23k, 1 std::cout << point << std::endl;
* If returning void => void << std::endl;
* |If returning ostreamé& =>std::cout << std::endl;



HNT e+ FERM, XHEAJLAN?
Cents& operator+(const Cents &cl, const Cents &c2)

{

Cents c(cl.m cents + c2.m cents);
return c;



ET 5 R BRI BT ER
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class Cents{

public:
Cents operator+(int value); // Overload Cents + int

};

Cents Cents::operator+(int value) {
return Cents(m cents + value);



overload an operator as a friend or a member?

s REREFA A EBRY () B
* The assignment (=), subscript ([]), function call (()), and member selection (->)

operators must be overloaded as member functions, because the language
requires them to be.

s RERIEFA B EH AU 5 R H
« we are not able to overloaded operator<< as a member function.

» Because the overloaded operator must be added as a member of the left
operand.




FH KB HIR(ERT: typecasts

class Cents{
public:
// Overloaded int cast
operator int() { return m cents; }

class Dollarsf{
int m dollars;
public:
Dollars(int dollars=0) {
m dollars = dollars;
}
// Allow us to convert Dollars into Cents
operator Cents() { return Cents(m dollars * 100); }



void printCents (Cents cents)

{

std: :cout << cents:; // cents will be implicitly cast to an int here

Dollars dollars(9);
printCents(dollars): // dollars will be implicitly cast to a Cents here

+2HEEEES —/typecasts, {tAMREFEEE—4
prthents(Dollars doll)?



B EE/EFassignment operator

« Assignment vs Copy constructor

* The purpose of the copy constructor and the assignment operator are almost
equivalent -- both copy one object to another.

« However, the copy constructor initializes new objects,
« whereas the assignment operator replaces the contents of existing objects.

* Overloading the assignment operator (operator=) is fairly
straightforward



The copy constructor

e Fraction fiveThirds(5, 3): // Direct initialize a Fraction, cal
ls Fraction(int, int) constructor

e Fraction fCopy(fiveThirds):; // Direct initialize —— with what ¢
onstructor?

e std::cout << fCopy < "\n’:

s MR RH, C++ER—publicky, SEIMemberwise initializa
tionZEA R R FI L



Default assignment operator

« MEEFRIEFA—H, WRIHNIPRE, FFESFSEE DA
« XPEIARY, SEWMENK AR {EMemberwise assignment, FAZRIA
& #91E BB B B memberwise initializationZ&{i .

Fraction& operator= (const Fraction &fra):m numerator (fra.m nume
rator), m denominator (fra.m denominator) {} //XABR LA ?

» Just like other constructors and operators, you can prevent
assignments from being made by making your assignment operator
private or using the delete keyword:

// Overloaded assignment

Fraction& operator= (const Fraction &fraction) = delete: // no c
opies through assignment!



Issues due to self-assignment

int main() {
MyString alex(“Alex”, 5): // Meet Alex
alex = alex; // Alex is himself
std::cout << alex; // Say your name, Alex



alex = alex:; // Alex is himself

// A simplistic implementation of operator= (do not use)
MyString& MyString: :operator= (const MyString &str)

{
if (m_data) delete m data;
m length = str.m length;
// copy the data from str to the implicit object
m data = new char[str.m length];
for (int i=0; i < str.m length; ++i)
m datalil = str.m datalil;
return *this: // return the existing object so we can chain this operator
}

You’'ll probably get garbage output (or a crash). What happened?



Detecting and handling self-assighnment

// A better implementation of operator=
Fraction& Fraction: :operator= (const Fraction &fraction)

{

// self-assignment guard
if (this == &fraction)
return *this:

// do the copy
m numerator = fraction.m numerator;
m denominator = fraction.m denominator;

// return the existing object so we can chain this operator
return *this;



Shallow vs. deep copying



Shallow vs. deep copying

BERIERF, 2

» FAAC+HA 'ﬁJZTﬁH Hclass, FrIAERERIZINE $ 1S R 2 F0EA MK

RAMZER IR GEENXES]: a memberwise copy (also known
as a shallow copy.

* This means that C++ copies each member of the class individually
(using the assignment operator for overloaded operator=, and direct
Initialization for the copy constructor).

Y Jax

o 2iclass,z i
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class MyStringf{
private:
char #*m data; int m length;
public:
MyString (const char *source="") {
assert (source) ; // make sure source isn’t a null string

// Plus one character for a terminator

m length = strlen(source) + 1;

// Allocate a buffer equal to this length
m data = new char[m length];

// Copy the parameter string into our internal buffer
for (int i=0; i < m length; ++i) m datali] = sourcelil;



}
“MyString() // destructor

{
// We need to deallocate our string
delete[] m data;
}
char* getString() { return m data; }
int getLength() { return m length; }



/%75 Dlshallow copy
o C++IR Y S AT T B R XA

MyString: :MyString (const MyString &source) :
m length(source.m length), m data(source.m data)

U



Now, consider the following snippet of code:

int main ()

{
MyString hello("Hello, world!”);

{

MyString copy = hello: // use default copy constructor
} // copy gets destroyed here

std: :cout << hello. getString() << ’\n’; // this will have un
defined behavior

return O:



Deep copying

MyString: :MyString (const MyString& source) {// Copy constructor
m_].ength — source. m_].ength; // because m length is not a pointer, we can shallow copy it

// m_data is a pointer, so we need to deep copy it if it is non—null

if (source.m data)

{
m_data = new char[m length];
for (int i=0; i < m length; ++i)
m datali] = sourceli];
}
else

m data = O;



MyString& MyString: :operator=(const MyString & source) {// Assignment oper

ator
// check for self-assignment

if (this == &source) return *this;
delete [] m_data; // first we need to deallocate any value that this string is holding!

m length = source.m length;
// m_data is a pointer, so we need to deep copy it if it is non—null

if (source.m data) {
m_data = new char[m length]:
for (int i=0; i < m length; ++i) m datal[i] = sourcelil;

J

else m data = 0;

return *this:



Converting constructors, explicit, and delete

» By default, C++ will treat any constructor as an implicit conversion operator.
e std::cout << makeNegative(6); // note the integer here

// Default constructor
Fraction(int numerator=0, int denominator=1) :
m_numerator (numerator), m denominator (denominator) {
assert (denominator != 0);

}

» Constructors eligible to be used for implicit conversations are
called converting constructors.

* Prior to C++11, only constructors taking one parameter could be converting
constructors.

* However, with the new uniform initialization syntax in C++11, constructors
taking multiple parameters can now be converting constructors.



explicit

class MyString{public:

// explicit keyword makes this constructor ineligible for implic
i1t conversions

explicit MyString(int x) { m _string. resize(x) ;}
b
int main() {

MyString x = 'x ; // compile error, since MyString(int) is now e
xplicit and nothing will match this

std: :cout <K x:

However, note that making a constructor explicit only prevents implicit conversions. Explicit conversion
s (via direct or uniform initialization or explicit casts) are still allowed:

MyString x(Cx’); // allowed, even though MyString(int) is explicit



* In our MyString case, we really want to completely disallow ‘x’ from
being converted to a string (whether implicit or explicit, since the results
aren’t going to be intuitive). One way to partially do this is to add a
MyString(char) constructor, and make it private:

private:

MyString(char) // objects of type MyString(char) can’t be constr
ucted from outside the class

{ )

« However, this constructor can still be used from inside the class.

* A better way to resolve the issue is to use the “delete” keyword
(introduced in C++11) to delete the function:



The delete keyword

class MyString
{

private:

std: :string m string;

public:

MyString (char) = delete; // any use of this constructor
1S an error



Quiz time

 Write a class that holds a string. Overload operator() to return the
substring that starts at the index of the first parameter, and includes
however many characters are in the second parameter.

* The following code should run:
int main()

{
Mystring string ("Hello, world!”);

std::cout << string(7, 5); // start at index 7 and return 5
characters

return 0;



Inheritance



CompositionZi&

* In real-life, complex objects are often built from smaller, simpler objects.

* has-a relationship
 PC has-a CPU, a motherboard

#include “CPU.h”
#include “Motherboard. h”
#include “RAM.h”

class PersonalComputer {

private:
CPU m cCPU: Motherboard m cMotherboard:
RAM m_cRAM;

};



Initializing class member variables

PersonalComputer: :PersonalComputer (int nCPUSpeed,
char *strMotherboardModel,
int nRAMSize)
: m_cCPU (nCPUSpeed),
m cMotherboard (strMotherboardModel),
m cRAM (nRAMSize)



Why use composition?

« REFE— classtExt & &

- BNFLEEINIIAself-contained , FEE(1B5 S HE
* reuse our CPU

i

Mimj

s BET—1MES, MAZZEND
» FhEMLEIF BT (eg. CPU ),
« ¥+ (eg. PersonalComputer).
- ARMESTT.
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class CDog;
class CMaster {
CDog * dogs[10];
};
class CDog {
CMaster m;

}’ 13




BEE&XABFEH
> RAeME &k
A CR7 KR ‘2”7 Reg3T R4t
A A E” RIZR—A B RegxT R 44,
class CMaster: //CMaster Zi$2a1 5 B, AHESL
/I’ CMasterZt 5 5 Cdog
class CDog {
CMaster * pm;
)
class CMaster {
CDog dogs|[10];
};

14



BEaXANER
> IEF8Y 5 ik
A R RIx—A “E” KA R AE4;
A A E” KT BT Ka9xT ZA54TE A
class CMaster: //CMasterZi$Eai = H, ASFESL
/I'55CMasterZk J5 5 Cdogas

class CDog {

S
CMaster * pm;
; : %ﬁ@ @

class CMaster {

CDog * dogs[10]: w\@
}; W <5 15




How to construct complex classes

e Has-a

« Composition ( shape )
« Aggregation
* |s-a: Inheritance A

* parent or base ( Triangle ) < Cluadrilateral )
 child or derived object

i l
< Frut ) ( Right Triangle ) ( Rectangle )

DN AR

CRCED




Why the need for inheritance in C++?

3 & MHtriangle, #RRIhAeEtriangle =) right ( Bl )

triangle. A

( Triangle ) ( Cluadrilateral )
' l

- ARG HYHK, mEFltriang eﬁﬁfﬂ%ﬁ' Eﬁl

%jjl’lght trlangle 9}:}]: *E Ij] ( Right Triangle ) ( Rectangle )

EEQE VRE AR A N - TrlangIeEI’J?l'f&_JZ%‘Ei l
%Bﬁ-ﬁ%?‘mght TriangleBYXHS H B Ry (omae )

—JE 5y & EFfcopy—i&. h




IRE K18

Base (int nValue= O) m_nValue (nValue) { ( AP :}

cout << “Base” <X endl;} ;ffffhaahﬂa
( Triangle ) ( Cluadrilateral )
l

Derived (double dValue=0.0): m dValue(dValue) {

cout << "Derived” << endl:} ( Right Triangle ) (Hentaﬂgle )
Derived cDerived: (:Smmm )
Base
Derived

C++ always constructs the “first” or “most base” class first. It then
walks through the inheritance tree in order and constructs each suc
cessive derived class.



what actually happens when cDerived is
instantiated?

Bi5%|cDerivedis 5§ BRI F (B FBELFRE L ER57).
B RIRE LS 1EBAIE R
FHAENELENEERBEER LR
I RIS RABHIRE LR AT E
IR KBS R BRI BB T
RIS AR A

R o A




*}Jﬁﬁ%%%&ﬁ class Base{

public: int m nValue;
Base (int nValue=0)
: m_nValue (nValue) {}

class Derived: public Base/{ b
public:
double m dValue;
Derived (double dValue=0.0, int nValue=0)

: m_dValue(dValue), m nValue(nValue)

//error C2614: ’Derived : illegal member initialization: 'm nVal
ue’ is not a base or member

{ )

};



Initializing base class members

class Derived: public Base/{

public:
double m dValue:

Derived (double dValue=0.0, int nValue=0)
: Base(nValue), m dValue(dValue)

{ }
};

Derived cDerived(1.3, 5): // use Derived(double) constructor



Initializing base class members

1. Memory for cDerived is allocated.

2. The Derived(double, int) constructor is called, where dValue =
1.3, and nValue =5

The compiler looks to see if we’ve asked for a particular Base
class constructor. We have! So it calls Base(int) with nValue = 5.

The base class constructor initialization list sets m_nValue to 5
ne base class constructor body executes
ne base class constructor returns

ne derived class constuctor initialization list sets m_dValue to
1.3

The derived class constructor body executes
The derived class constructor returns

o

N o O bk

© o



Adding, changing, and hiding
members in a derived class



Adding new functionality

class Base{
protected:
int m nValue;

public:
Base (int nValue)

: m_nValue (nValue)

U

void Identify() { cout << ”I am a Base” << endl; }
b



Redefining functionality

class Derived: public Base/{
public:
// Here’ s our modified function
void Identify() { cout << ”I am a Derived” << endl; }

« Base cBase(5):
e cBase. Identify () :

e Derived cDerived(7): | am a Base
e cDerived. Identify () | am a Derived



Adding to existing functionality

an{a] ﬂ)ﬁ%é&ﬂ%}ﬂb\

class Derived: public Base{

public:
void Derived::Identify () {

Identlfy() // would be Derived::Identify() => infinite loop!
cout << I am a Derived”; // then identify ourselves

J

void Identify () {

Base: Identify() // call Base::Identify() first
cout < T am a Derived”; // then identify ourselves



Hiding functionality
* In C++, It IS not possible to remove functionality from a class. However,
it Is possible to hide existing functionality.
class Base{
protected:
void PrintValue() { cout << m nValue; }
b
class Derived: public Base{
public:
Base: :PrintValue;
b
// PrintValue is public in Derived, so this is okay
cDerived. PrintValue() ; // prints 7



class Base{

public: int m nValue;

b

class Derived: public Base/{
private: Base::m nValue;
b

int main() {
Derived cDerived(7):

// The following won’ t work because m nValue has been redefi
ned as private

cout << cDerived.m nValue;



Multiple inheritance

Ferson Employvee

« multiple inheritance introduces a lot of issues that can
markedly increase the complexity of programs and
make them a maintenance nightmare.

« most of the problems that can be solved using multiple
Inheritance can be solved using single inheritance as
well.

« Many object-oriented languages (eg. Smalltalk, PHP)
do not even support multiple inheritance.

Teacher

FoweredDevice

N

acanner Frinter

« Many relatively modern languages such as Java and
C# restricts classes to single inheritance of normal
classes, but allow multiple inheritance of interface
classes

\/

Copier
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Polymorphism

most important and powerful aspects of
iInheritance -- virtual functions.
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