More C++:
Vectors, Classes, Inheritance,
Templates

with content from cplusplus.com, codeguru.com

-using vectors
-must include <vector>
-template, so must be instantiated with type
-qualified with std: :

[ std: :vector<int> v; // declares a vector of integers ]

—can be simplified in small projects

#include <vector>
uzing namespace std;
[ S

vector<int> v;

/f no need to prepend std:: any more

-vectors in C++

-basically arrays with enhancements
-indexed similarly
-contiguous memory

-some changes
-defined differently
—can be resized without explicit memory allocation
-contains methods, such as size()

C++ Standard Arrays vs. Vectors

gize_t size = 10;
int saerray[10];
int *darray = new int[size];
£/ do something with them:
. for{int i=0; i<10; ++i){
sarray[i] = i:
darray[i] = i;
1
:

// don't forget to delete darray when you're done

10. delete [] dearray;

#include <vector>
L
size_t size = 10;
std: :vector<int> array(size); // make room for 10 integers,
5. // mnd initialize them to 0
// do something with them:
for(int i=0; i<size; ++i){
array[i] = i:
1
}

10. // no need to delete anything




Vector Length Vector Length

-previous program does not check for valid index, which -vectors can grow
enhances performance

-certain amount of space allocated initially

-once that space runs out, new space is allocated and the
3td: :vector<int»> array; | Values are Copled over

Try{

-using at function will check index

array.at {1000} = 0; #include <wvector>

] #include <icstreams

5. catch{std::out_of_range o) { floes
atd: :cout<<o.what () <<std: :endl: atd: :vector<char> array;
} 3. char c = 0;
whilefc != "®"}{

atd::cin»>c;
array.push backic):

}

.-y &

-use pushback (el) to grow the size dynamically -use the size () method for loops
-use resize to set or reset the size of the array

for (i = 0; i < array.size(); i++)

array[i] = O;




Classes Classes

-classes -members are listed under specifiers
-fancy struct’s -private
-expanded concept of data structures -members accessible only from within the class
- -protected
- (functions) -members accessible to class or classes
-object -public
-instantiation of a -members accessible anywhere the object is visible
-typel/variable < class/object -by default, access is

-defined with keyword class (or struct)

- [ 2
Classes Classes

-example -members are accessed through

e lirect.set wvalues (3,4);

int width, height; 2 myarea = rect.area();
public:
void set wvalues (int,int):s
: int area (void): - methods can be accessed directly using .
S recrs operator
-declares a class, Rectangle -similar to struct’'s

-declares an object, rect
-class contains 4 members
-2 private data
-2 public methods (declarations only, not definitions)




Classes

-example

1 // classss example
P dinclude <ioslreans
3 uging namsspace std;

notes:
declaration vs. definition
inline function
encapsulation
data hiding

G elass Reclangle |
& int width, heighzt:
puklic:
vold sel wvalues (inol,iual);
int zrea{) lreturn width*hsight;}
N

: woid Roctanglo:
wid=h = x;
hzight = v;

:set_walucs {int x, int y)

5

7 int wain () {

1g Boctcangle: rocoy
} recs.s=t_walues (3,4);
€out 44 "arsa: " 4€ rect.arsa(l:

return Ur

- output
area:

- s
Classes

-what would happen if we called area before setting values?
-undetermined result

constructors

-automatically called when a new object is
-initializes values, allocates

-constructor name same as class name
-no return type

-cannot be called

12

, etc.

Classes

-example with 2 variables

1| examplc: onc clacs, two obiccts
£ |#1include <iostream> .
Jlusing nAmsspAce sled; notes:
: each object has its own set
S lelass Rectangls [
inz widch, heights Of data/methods
purh iz
vcid est walues (int,dinz): no parameters needed for
inc arca {)}) [(return width*hecight:| call to area

134

1:|yoid Rectangle::set values {int =, inz y) |
1:3 widlls — x:

14! height — y;

1o}

17 [int main {) |
3 Rectangle vect, r=o-hi
rect.set valucs {3,4) 5
rectb.s=t_wvalues (5,6G):

cout << "rect area: " << rect_area(} << endl;
cout <4 "recthb arsa: " <4 rectbh.arcal() << endl;
o3 retarn [
24y
- output

12
30

rect area:
rectb area:

- e
Classes

-example

1}/ cramplc: elass constructeor
2 #inclnde <iostreams>
Z uging namsgpacs std;

notes:
results same as before
set_values omitted
values passed to constructor

DeilAass Relangls [
= int width, height;
piblic:
Reclangle {(iol,in };
: int arca () lreturn (width*ncight);|
10 3=

1Z Rectangle: :Rectangles (int a, int b) {
3 wid h — a;

hoight — b
B
7 int main {} |
18 Raccangle rect (3,4
g Boctangle rocth {5,6) )
21 CHllE, S EeeE R R
Ccodl < "oecll oarss:
roturn 97

< rect.areal)} << endl:

" &< revll.arza(] << endl;

- output
rect area:
rectb area:

12
30




Classes Classes

-constructors can be -member initialization

-different number of parameters -can be done in constructor body or member

-different parameter types ! class Rectangle {

) ) 2 1r1‘&'. width,height;
- default constructor defined if no other 3 public: .
N 4 Rectangle (int,int) ;
constructor def'ned :. int area() {return width*height;}
5}i
-takes no parameters
-called when object is declared but no parameters are - can be defined normally

passed to the constructor
-cannot call default constructor with parentheses
-represents a declaration

Rectangle::Rectangle (int x, int y) { width=x; height=y; }

-or with member initialization

1 Rectangle rectb:; // ok, default constructor called Rectangle: :Rectangle (int x, int y) : width(x) { height=y; }
Z Rectangle rectc(); // cops, default constructor NOT called

Rectangle: :Rectangle (int x, int y) : width(x), height(y) { }

e 2 |- 1
Classes Classes

-example

—for types, doesn’t matter if initialization is | T
defined or by default et ekt
-for member objects (whose type is a ) zdasioii?iaém,-
-if not initialized after the colon, they are default- o ey e
Constructed . . demble ar=a(l {return radins*radius*3.7124159265;}
-default construction may not be possible if no default e it p
constructor defined for class el T et
« e . . . . 15 Cvlinder{dcubls r, dcuble h) : kase (r), heightth) {}
-use member initialization list instead | duuble velime() (zelics bess.area() ¢ hmight;)

Bl {17

2 .: int n'.girL [

Cylindsr foo (10,20} ;

cout. << "foo's voluma: T << foo.vclums{) << "Xn":
r=Eurn s
=
Cylinder class has member of type class Circle and needs
to call Circle constructor in member initialization list




Classes Classes

-operator overloading example

1t/ oveorloading operators cEamplo

-operator overloading
2 #ineclude <icstrsam>

-allows operators, such as + or *, to be defined for user- 3 iy namsspace 5 d;
deflned typeS cla=s e¥ectar

© public: .
-defined like member functions, but prepended with o e S e example: equivalent
: CVector (int a,int b) : x(a), wib) [}

keyWOrd operator _ TVeclor opera.ar + (cons. CVeelors) lle = a + b;
11 §; Zlc = a.operator+ (b);
12 CVectocr CVector::operatort {const CVectoré param) |

CVeo_or Lemps

Overloadable operators 15 temp.x = ¥ + param.:

+ - * / = < > = -=  *= /= << > 151 teap v =iy pamanys
1
|

AN <= po—- ++ __ £ z i | | retiin tewmp;
= s Il 3= 1 O % ->% ->  new 1s
delete newl(] deletel] A0 inl main () I
E CNoetor foo (3000
22  CWector bar (1,2):
CVsCcTor result;
resalt — teo + bar;
cot O resunltox << ', g2 resultly €€ AT
return 0;

'

- S N 3
Classes Classes

-this -templates
- pointer to -parameterized class
-used within a class method to refer to the object that ! template <class T>

. Z|class mypair {
Ca"ed |t 3 T wvalues [2]1:
public:
mypair (T first, T second)
= {
- example 7 values[0]=first; wvalues[l]l=second;
- )

}:
Rectangle: :Rectangle (int width, int height) ({
this -> width = width;
this -> height = height;
} -or type float

mypair<double> myfloats (3.0, 2.18);

-can be used to store elements of type int

mypair<int> mycbject (115, 36);




Classes Classes

-destructor
-opposite of constructor
-called when an object’s ends
-performs , such as memory deallocation
-returns nothing, not even void
-name same as class name, but preceded by ~
-implicit default destructor provided if none defined

-inheritance
-allows classes to be
- classes retain characteristics of the base class

-avoids replicated code by allowing common properties to
be contained in one class and then used by other classes

e i =
+ CPolygon E
L -
CRectangle
CTxiangle

-Polygon contains common members; Rectangle and
Triangle contain common members plus specific
features

-destructor example

1|// destructors

7 [ #include <iostream’
I#inalnde <string>

4 using namespace std:

“lclzss Exampled |

T slring* pLr;

pubilic:
//f conslruclocrs:
Example4 {) : ptr{new string) {}
Cxample4 {const scrings str)
// destructor:
~Exampled (] [delezs ptr:}
// access contencz:
const string& content () const {

f1Y7
18 [int main () |
Examples foo:

Example< bar ("Example");

coul. << "bar's conleols " =< bhar.

return 0;

-inheritance example
-derived classes contain
width, height, ;
set_values
-output

20
10|

3 using mamscpaca std;

17 rlass Rectangl=: public Polygorn {

[y

L} rlass Trisngle: public Polygonm {

_ inl main ()

: ptr(new stringistr)) {}

return *ptr:}

conlenl () << "A\n';

Inheritance Inheritance

/! derived classes
-'\(J.u&_l ade sioslrednc:

wlase Polygon
protectsd:
int widch, height:
public:|
wcid esc_wvalues (int =, int b}
{ wid=h=a; height=h:}
i

public:
int arca {)
{ r=tumn width * height; }

public:
inT area {)
{ relurn widlh * heighl / 2; )
Fe

Hectangls rectr
Triangls trgl:

recl osel. values (2,.5) 5
trol-sct: walucs: (£,.5);
ot L :er.t.;
cout =< trgl.ar
return Of

=a i) < "An';
@ai) << "\n';




-inheritance -virtual methods
-access types and inheritance -can be redefined in classes, while
R e T e g e e preserving its calling signature
members of the same classlyes  |ves yes -declared with keyword virtual
members of derived class |yes yes no
not members yes no no

-inherited members have same access permissions as in

base class
1 |Polygon: :width // protected access
Rectangle: :width // protected access
;. Polygon::set wvalues() // public access
S Rectangle::set wvalues() // public access
since
class Rectangle: public Polygon { /* ... */ }
I H - 2
Virtual Methods Virtual Methods
-virtual method example -virtual methods
| T 57 Ry -if virtual keyword removed, all derived class calls to
45 0 e area method through pointers to base class would return
4 Polygcen poly:
- class Pclygon { . 2ol i’l_:(:rl E ppalyl — sraci; 0
1| prolecled: N Polygecn * ppoly2 = wtrgly
T L hot = 33 Dolygen * olyd — &poly; 1 1 I i
o 1| Aot -virtual methods redefined in derived classes
void s=t_vwalues (int a, int k) ppolyZ-tsol valies [£,5); . . . .
" widthea; heighcebs ) 2| ppolys-rset values (4,5): -non-virtual methods can also be redefined in derived
wirztual int arca () i cout << ppolyl >area I.} (L4 '_\n',-
13 S el G classes
' class docetangle: public I'olygon | - } et —bUt, If Vlrtual, a tO the base CIaSS can
= lic: . . . .
e e declared I access the redefined virtual method in the derived class
{ return width * heicht; } 1
19 lys : area declaread virtual — : . . .
1o _ _ -a class that declares or inherits a virtual function is
cl;ﬁgl';'z:i_ancle: public volygon { der'ved Classes W|I|
Lol arse () H H . .
d | Zelim wideh < noin / 205 1 redefine it -note that Poly is a class, too, and objects can be
- declared with it
o




-abstract base class

- . . -abstract base class
-similar to base class in previous example

// abstract class CPolycon

-can only be used as base classes 208 ro
A A . pr-_atec:t(_a = .
-can have virtual methods without s e
_ . . 5 void £ luss (int a, int b)
pure virtual function I e oo
_appended W|th _0 s virtual int area {)} =0;
- oks

-cannot be used to declare

Polygon mypolvgon; /! not working if Pclygon is abstract base class

-can be used to create to it and take
advantage of polymorphic features

1|Polygon * ppolyl;
Z | Polygon * ppolyZ;

Inheritance

-abstract base class example

1|f! sbstract base elass inlomsin () {

ZHdinclude <ioslhreans it Reytancrla rect;
“using namsspace std; 28 Trizangle trgl;
] 20 Polygem * ppolyl = &rect;
S elass Polygon { Polygon * ppoly? = strgl;
protected: =L ppolyl->scT walucs (4,505
int width, heignss =2 ppaly?-¥ses walues (4,05];
puklic: 33 cout <« ppclyl-karea() << '\n';
vold sel walues {(iol a, iz b) 34 cout << ppelyd-rarcafl) << '\n';
{ width=a; hsight=b: } retuorn 02
virtual int aresa (void] =ir X

? s

11 |class Rectangle: puklic Pclygon {
g pub:liec:

int zrea (veoid)
1 { recurrn (width * neighti; 1}
18 3=

20 |elags Trianglc: public Polygon |
puklic:
inl zrea (void)
{ remurn {width * height f 2)y: }




