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Hello world

#inc lude <ios t r eam>

i n t main ( )
{

s td : : cout << " He l l o World ! " ;
}
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Operating with variables

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t a , b ;
i n t r e s u l t ;

a = 5 ;
b = 2 ;
a = a + 1 ;
r e s u l t = a − b ;

cout << r e s u l t ;

return 0 ;
}
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Initialization of variables

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t a=5; // i n i t i a l v a l u e : 5
i n t b ( 3 ) ; // i n i t i a l v a l u e : 3
i n t c {2} ; // i n i t i a l v a l u e : 2
i n t r e s u l t ; // undete rmined

a = a + b ;
r e s u l t = a − c ;
cout << r e s u l t ;

return 0 ;
}
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Strings

#inc lude <ios t r eam>
#inc lude <s t r i n g >
using namespace s t d ;

i n t main ( )
{

s t r i n g mys t r i ng ;
mys t r i ng = " I n i t i a l s t r i n g con t en t " ;
cout << mys t r i ng << end l ;
my s t r i ng = " D i f f e r e n t s t r i n g con t en t " ;
cout << mys t r i ng << end l ;
return 0 ;

}
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Types

• shorthand for some in bold
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Assignment operator

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t a , b ; // a : ? , b : ?
a = 10 ; // a : 10 , b : ?
b = 4 ; // a : 10 , b : 4
a = b ; // a : 4 , b : 4
b = 7 ; // a : 4 , b : 7

cout << "a : " << a << end l ;

cout << "b : " << b << end l ;
}
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Compound assignment operators

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t a , b=3;
a = b ;
a+=2; // e q u i v a l e n t to a=a+2
cout << a ;

}
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Compound assignment operators
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Increment and decrement (++, –)

• Watch out for these during loops
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Relational and comparison operators

Suppose that a=2, b=3, and c=6, then:

(7 == 5) // e v a l u a t e s to f a l s e
(5 > 4) // e v a l u a t e s to t r u e
(3 != 2) // e v a l u a t e s to t r u e
(6 >= 6) // e v a l u a t e s to t r u e
(5 < 5) // e v a l u a t e s to f a l s e
( a == 5) // e v a l u a t e s to f a l s e
( a∗b >= c ) // e v a l u a t e s to t r u e
( b+4 > a∗c ) // e v a l u a t e s to f a l s e
( ( b=2) == a ) // e v a l u a t e s to t r u e
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Logical operators

( (5 == 5) && (3 > 6) ) // e v a l u a t e s to f a l s e
( (5 == 5) | | (3 > 6) ) // e v a l u a t e s to t r u e
! ( 5 == 5) // e v a l u a t e s to f a l s e
! ( 6 <= 4) // e v a l u a t e s to t r u e
! true // e v a l u a t e s to f a l s e
! f a l s e // e v a l u a t e s to t r u e
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Input and output (i/o)

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t i ;
cout << " P l e a s e e n t e r an i n t e g e r v a l u e : " ;
c i n >> i ;
cout << "The va l u e you en t e r e d i s " << i ;
cout << "and doub l e i s " << i ∗2 << end l ;
return 0 ;

}
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cin with strings

#inc lude <ios t r eam>
#inc lude <s t r i n g >
using namespace s t d ;

i n t main ( )
{

s t r i n g mystr ;
cout << "What ’ s your name? " ;
g e t l i n e ( c in , mystr ) ;
cout << " He l l o " << mystr << end l ;
cout << "What i s your f a v o r i t e food ?" ;
g e t l i n e ( c in , mystr ) ;
cout << "You l i k e " << mystr << end l ;
return 0 ;

}
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Conditionals

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t x ;
cout << " P l e a s e e n t e r an i n t e g e r v a l u e : " ;
c i n >> x ;
i f ( x > 0)

cout << "x i s p o s i t i v e " ;
e l s e i f ( x < 0)

cout << "x i s n e g a t i v e " ;
e l s e

cout << "x i s 0" ;
return 0 ;

}
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While loops

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

i n t n = 10 ;

while (n>0)
{

cout << n << " , " ;
− −n ;

}

cout << " l i f t o f f ! \n" ;
}

What does this do?
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do while loops

#inc lude <ios t r eam>
#inc lude <s t r i n g >
using namespace s t d ;

i n t main ( )
{

s t r i n g s t r ;
do
{

cout << "Ente r t e x t : " ;
g e t l i n e ( c in , s t r ) ;
cout << "You en t e r e d : " << s t r << ‘\n ’ ;

} wh i l e ( s t r != "goodbye " ) ;
}

What does this do?
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for loops

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( )
{

fo r ( i n t n=10; n>0; n−−)
{

cout << n << " , " ;
}
cout << " l i f t o f f ! \ n" ;

}

What does this do?



C++
Hello world
Variables
Operators
Input and
output
Conditionals
Loops
Functions
Multiple files
Scope
Arrays
Structs
Classes
Constructors
Overloading
Templates

Tricks and
tools

Outline

1 C++
Hello world
Variables
Operators
Input and output
Conditionals
Loops
Functions
Multiple files
Scope
Arrays
Structs
Classes

Constructors
Overloading
Templates

2 Tricks and tools



C++
Hello world
Variables
Operators
Input and
output
Conditionals
Loops
Functions
Multiple files
Scope
Arrays
Structs
Classes
Constructors
Overloading
Templates

Tricks and
tools

Functions

#inc lude <ios t r eam>
using namespace s t d ;

i n t a d d i t i o n ( i n t a , i n t b )
{

i n t r ;
r = a+b ;
return r ;

}

i n t main ( )
{

i n t z ;
z = a d d i t i o n ( 5 , 3 ) ;
cout << "The r e s u l t i s " << z ;

}
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void functions

have no return type

#inc lude <ios t r eam>
using namespace s t d ;

void p r i n tme s s ag e ( )
{

cout << " I ’m a f u n c t i o n ! " ;
}

i n t main ( )
{

p r i n tme s s ag e ( ) ;
}
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Passing parameters by reference

#inc lude <ios t r eam>
using namespace s t d ;

void doub l eVa l ( i n t &a , i n t &b , i n t &c )
{

a∗=2; b∗=2; c∗=2;
}

i n t main ( )
{

i n t x=1, y=3, z=7;
doub l eVa l ( x , y , z ) ;
cout << "x=" << x
<< " , y=" << y
<< " , z=" << z ;
return 0 ;

}
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Default values in functions

#inc lude <ios t r eam>
using namespace s t d ;

i n t d i v i d e ( i n t a , i n t b=2)
{

i n t r ;
r=a/b ;
return r ;

}

i n t main ( )
{

cout << d i v i d e (12) << ‘\n ’ ;
cout << d i v i d e (20 ,4 ) << ‘\n ’ ;
return 0 ;

}

Defaulted parameter has to be the last one
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Declaring functions prototypes part 1

#inc lude <ios t r eam>
using namespace s t d ;

void odd ( i n t x ) ;
void even ( i n t x ) ;

i n t main ( )
{

i n t i ;
do{

cout << "Ente r a number (0 e x i t s ) : " ;
c i n >> i ;
odd ( i ) ;

} while ( i !=0) ;
return 0 ;

}
. . . . . . . .
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Declaring functions prototypes part 2

. . . . . .

void odd ( i n t x )
{

i f ( ( x%2)!=0)
cout << " I t i s odd . \ n" ;

e l s e
even ( x ) ;

}

void even ( i n t x )
{

i f ( ( x%2)==0)
cout << " I t i s even . \ n" ;

e l s e
odd ( x ) ;

}
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Scope

#inc lude <ios t r eam>
using namespace s t d ;

i n t main ( ) {
i n t x = 10 ;
i n t y = 20 ;
{

i n t x ; // ok , i n n e r scope .
x = 50 ; // s e t s v a l u e to i n n e r x
y = 50 ; // s e t s v a l u e to ( ou t e r ) y
cout << " i n n e r b l o ck : \ n" ;
cout << "x : " << x << ‘\n ’ ;
cout << "y : " << y << ‘\n ’ ;

}
cout << " ou t e r b l o ck : \ n" ;
cout << "x : " << x << ‘\n ’ ;
cout << "y : " << y << ‘\n ’ ;
return 0 ;

}
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Arrays

#inc lude <ios t r eam>
using namespace s t d ;

i n t f oo [ ] = {16 , 2 , 77 , 40 , 12071};
i n t n , r e s u l t =0;

i n t main ( )
{

fo r ( n=0 ; n<5 ; ++n )
{

r e s u l t + = foo [ n ] ;
}
cout << r e s u l t ;
return 0 ;

}

What does this do?



C++
Hello world
Variables
Operators
Input and
output
Conditionals
Loops
Functions
Multiple files
Scope
Arrays
Structs
Classes
Constructors
Overloading
Templates

Tricks and
tools

Arrays as parameters

#inc lude <ios t r eam>
using namespace s t d ;

void p r i n t a r r a y ( i n t arg [ ] , i n t l e n g t h ) {
fo r ( i n t n=0; n<l e n g t h ; ++n )

cout << arg [ n ] << ‘ ’ ;
cout << end l ;

}

i n t main ( )
{

i n t f i r s t a r r a y [ ] = {5 , 10 , 15} ;
i n t s e c onda r r a y [ ] = {2 , 4 , 6 , 8 , 10} ;
p r i n t a r r a y ( f i r s t a r r a y , 3 ) ;
p r i n t a r r a y ( s e conda r r ay , 5 ) ;

}
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Multidimensional arrays

Arrays are indexed by array[down][over]

jimmy [ 1 ] [ 3 ]
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strings and NTCS arrays

#inc lude <ios t r eam>
#inc lude <s t r i n g >
using namespace s t d ;

i n t main ( )
{

char que s t i o n1 [ ] = "What i s your name? " ;
s t r i n g qu e s t i o n2 = "Where do you l i v e ? " ;
char answer1 [ 8 0 ] ;
s t r i n g answer2 ;
cout << que s t i o n1 ;
c i n >> answer1 ;
cout << que s t i o n2 ;
c i n >> answer2 ;
cout << " He l l o , " << answer1
<< " from " << answer2 ;
return 0 ;

}
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Structs

s t ruct type_name
{

member_type1 member_name1 ;
member_type2 member_name2 ;

.

.

.
member_typeN member_nameN ;

} ;
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Struct alternative initialization and access

s t ruct type_name
{

member_type1 member_name1 ;
member_type2 member_name2 ;
member_type3 member_name3 ;
.
.
.

} object_names ; // o p t i o n a l

// Access :
object_name . member_name ;
v a r i a b l e = object_name . member_name ;

// Ass ignment :
object_name . member_name = va l u e ;
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Example struct

s t ruct po i n t
{

f l o a t m_Xcoord ;
f l o a t m_Ycoord ;

} ;

i n t main ( )
{

po i n t p1 , p2 ;
. . .
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Nesting structs

s t ruc t chi ld_name
{

member_type member_name ;
} ;

s t ruc t parent_name
{

chi ld_name member_name ;
} ;

i n t main ( )
{

parent_name pa r en t_ in s t anc e ;
pa r en t_ in s t anc e . chi ld_name . member_name = va l u e ;

. . .
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Example struct with nested access

s t ruct po i n t
{

f l o a t m_Xcoord ;
f l o a t m_Ycoord ;

} ;

s t ruct l i n e
{

po i n t m_Left ;
p o i n t m_Right ;

} ;

i n t main ( )
{

l i n e my_line ;
my_line . m_Left . m_Xcoord = 5 ;
my_line . m_Left . m_Ycoord = 8 ;
. . .
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Classes

c l a s s name_of_type
{

pub l i c :
// −− f u n c t i o n p r o t o t y p e s he r e

pr ivate :
// −− member data he r e

} ;
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Class access specifiers

c l a s s class_name
{

a c c e s s_ sp e c i f i e r_1 :
member_type member1 ;

a c c e s s_ sp e c i f i e r_2 :
member_type member2 ;

. . .
} object_names ; // o p t i o n a l

access_specifier defaults to private, with the following options:
• private members of a class are accessible only from within
other members of the same class (or from their "friends").

• protected members are accessible from other members of
the same class (or from their "friends"), but also from
members of their derived classes.

• public members are accessible from anywhere where the
object is visible.
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Classes member access

c l a s s class_name
{

a c c e s s_ sp e c i f i e r_1 :
member_type member1 ;

a c c e s s_ sp e c i f i e r_2 :
member_type member2 ;

. . .
} object_names ; // o p t i o n a l

i n t main ( )
{

class_name c l a s s_ i n s t a n c e ;
c l a s s_ i n s t a n c e . data_element = va l u e ;
c l a s s_ i n s t a n c e . f u n c t i o n ( ) ;
. . .
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Class example

#in c l u d e <ios t r eam>
us i ng namespace s t d ;
c l a s s Rec tang l e {

p r i v a t e :
i n t width , h e i g h t ;

p ub l i c :
vo id s e t_va l u e s ( i n t , i n t ) ;
i n t a r ea ( ) { r e t u r n width ∗ h e i g h t ; }

} ;
vo id Rec tang l e : : s e t_va l u e s ( i n t x , i n t y ){

width = x ;
h e i g h t = y ;

}
i n t main ( ){

Rec tang l e r e c t , r e c t b ;
r e c t . s e t_va l u e s ( 3 , 4 ) ;
r e c t b . s e t_va l u e s ( 5 , 6 ) ;
cout << " r e c t a r ea : " << r e c t . a r ea ( ) << end l ;
cout << " r e c t b a r ea : " << r e c t b . a r ea ( ) << end l ;
r e t u r n 0 ;

}
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Classes and uniform initialization

#inc lude <ios t r eam>
using namespace s t d ;

c l a s s C i r c l e {
pr i va te :

double r a d i u s ;
pub l i c :

C i r c l e ( double r ){ r a d i u s = r ; }
double c i rcum (){ return 2∗ r a d i u s ∗3 .14159265 ;}

} ;

i n t main ( ){
C i r c l e foo ( 1 0 . 0 ) ; // f u n c t i o n a l form i n i t
C i r c l e bar = 2 0 . 0 ; // as s i gnment i n i t .
C i r c l e baz {30 . 0 } ; // un i fo rm i n i t .

cout << " foo ’ s c i r c um f e r e n c e : " << foo . c i r cum ( ) ;
return 0 ;

}
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Member initialization

#inc lude <ios t r eam>
us ing namespace s t d ;

c l a s s C i r c l e {
double r a d i u s ; // d e f a u l t s to p r i v a t e

pub l i c :
C i r c l e ( double r ) : r a d i u s ( r ) { }
double a r ea ( ){ re tu rn r a d i u s ∗ r a d i u s ∗3 .14159265 ;}

} ;

c l a s s Cy l i n d e r {
C i r c l e base ;
double h e i g h t ;

pub l i c :
C y l i n d e r ( double r , double h ) : base ( r ) , h e i g h t ( h ) { }
double volume ( ){ re tu rn base . a r ea ( ) ∗ h e i g h t ; }

} ;

i n t main ( ){
C y l i n d e r foo ( 1 0 , 2 0 ) ;

cout << " foo ’ s volume : " << foo . volume ( ) << ‘\n ’ ;
r e t u r n 0 ;

}
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Constructors

The constructor function is declared just like a regular member
function, but with a name that matches the class name and
without any return type; not even void. After writing your own
constructor, the default constructor will no longer work.
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Constructors

#i n c l u d e <ios t r eam>
u s i n g namespace s t d ;
c l a s s Rec tang l e {

i n t width , h e i g h t ; // d e f a u l t s to p r i v a t e
p u b l i c :

Rec tang l e ( ) ; // new d e f a u l t c o n s t r u c t o r
Rec tang l e ( i n t , i n t ) ; // c o n s t r u c t o r
Rec tang l e ( c on s t Rec tang l e & sou r c e ) ; // copy c o n s t r u c t o r
i n t a r ea ( v o i d ){ r e t u r n ( w idth∗ h e i g h t ) ; }

} ;
Rec tang l e : : Rec tang l e ( ){

width = 5 ;
h e i g h t = 5 ;

}
Rec tang l e : : Rec tang l e ( i n t a , i n t b ){

width = a ;
h e i g h t = b ;

}
Rec tang l e : : Rec tang l e ( c on s t Rec tang l e & sou r c e ){

width = sou r c e . w idth ;
h e i g h t = sou r c e . h e i g h t ;

}
i n t main ( ){

Rec tang l e r e c t ( 3 , 4 ) ;
Rec tang l e r e c t b ;
Rec tang l e r e c t c ( r e c t ) ; // copy c o n s t r u c t o r
// Rec tang l e r e c t d ( ) ; // wrong
cout << " r e c t a r ea : " << r e c t . a r ea ( ) << end l ; // 12
cout << " r e c t b a r ea : " << r e c t b . a r ea ( ) << end l ; // 25
cout << " r e c t b a r ea : " << r e c t c . a r ea ( ) << end l ; // 12
r e t u r n 0 ;

}
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Overloading functions

#inc lude <ios t r eam>
using namespace s t d ;

i n t sum( i n t a , i n t b ){
return a+b ;

}

double sum( double a , double b ){
return a+b ;

}

i n t main ( ){
cout << sum (10 , 20) << ‘\n ’ ;
cout << sum (1 . 0 , 1 . 5 ) << ‘\n ’ ;
return 0 ;

}

Can be done in your own types and classes
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Overloading operators
type operator sign (parameters) { /*... body ...*/ }
Can ov e r l o a d o p e r a t o r s too :
+ − ∗ / = < > += −= ∗= /= << >>
<<= >>= == != <= >= ++ −− % & ^ ! |
~ &= ^= |= && | | %= [ ] ( ) , −>∗ −>
new de le te new [ ] de le te [ ]

Some operators may be overloaded in two forms:
1 as a member function:

Parameter expected for a member function overload for
operations such as operator+ is the operand to the right
hand side of the operator.
t ype operator s i g n ( type & rh s )
{/∗ . . . body . . . ∗/}

2 as a non-member function:
Operator function takes the object of the class as first
argument.
t ype operator s i g n ( type &lh s , t ype &rh s )
{/∗ . . . body∗/}
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Assignment operator overload

Frac& Frac : : operator=(const Frac &sou r c e )
{

m_Numerator = sou r c e . m_Numerator ;
m_Denominator = sou r c e . m_Denominator ;
return (∗ t h i s ) ;

}

// h a s s i g n e d to g , which i s a s s i g n e d to f

F r a c t i o n f , g , h ;
f = g = h ;
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Function Templates

#inc lude <ios t r eam>
using namespace s t d ;
template <c l a s s T>
T sum(T a , T b ){

T r e s u l t ;
r e s u l t = a + b ;
return r e s u l t ;

}
i n t main ( ){

i n t i =5, j =6, k ;
double f =2.0 , g=0.5 , h ;
k=sum<int >( i , j ) ; // <in t > needed ?
h=sum<double>(f , g ) ;
cout << k << end l ;
cout << h << end l ;
return 0 ;

}
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Function templates

#inc lude <ios t r eam>
using namespace s t d ;

template <typename T, typename U>
bool are_equa l (T a , U b )
{

return ( a==b ) ;
}

i n t main ( )
{

i f ( a re_equa l ( 1 0 , 1 0 . 0 ) )
cout << "x and y a r e equa l \n" ;

e l s e
cout << "x and y a r e not equa l \n" ;

return 0 ;
}
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The general form of a template definition

General syntax for a Function (review)

template <typename type>
re t−t ype func−name( paramete r l i s t )
{

// body o f f u n c t i o n
}

General syntax for a class

template <typename type>
c l a s s c lass−name
{

// c l a s s c on t en t s
.
.

}
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Template classes with multiple files

Recall:
• ‘.h’ file – where you write the template class definitions
and include the below hpp at the end

• ‘.hpp’ file – the template class function definitions
• ‘.cpp’ file(s) – one or more, main, etc.
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Development

• Discuss: Codeblocks, lab computers, etc
• Tip 1: How to debug with cout statements
• Tip 2: How to write and test only little parts of code at a
time

We’ll come back to these throughout the semester and in lab
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