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Outline

* Dynamic Typing
* Truncature

* Cast
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Variants of class Paragraph
Definition of derived classes (1)

* \WWe wish to have several sorts of

paragraphs
* titles, sections, enumerations,
Iitems... S raragranh
T content : EString
= depth ; EInt
* We want to share as much as @ wmchEEmtE'nﬂ
possible the common properties
* contentsasa Strlng H Item_Paragraph H sSection_Paragraph
® pOSS|b||.|ty to Compose (CrUde = bullet : EString = title : EString

lay out)

* But specific properties should be
possible

* numbering, bullets...

* page layout
I*‘QQ“R@S
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Variants of class Paragraph
Definition of derived classes  (5)

* A derived class may add new properties
* data members
* member-functions
* friend functions

* A derived class may redefine (override) some inherited member-
functions

* Derivation depth is unlimited
* Single and multiple inheritance
* Single: only one base class

* Multiple: several distinct base classes

IF"\AIR@S
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What happens |n memory COTEDAZIR % Lrpzdea—
(at least conceptually)

If compose(int, int) is NON virtual

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString
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What happens |n memory COTEDAZUR % Lopzdea—
(at least conceptually)

If compose(int, int) is NON virtual

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

§Paragraph::Paragraph(std::string content
| int depth)
A

.~ _depth = depth;
. _content = content;
-}

e
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What happens in memory COTEONIR Lzl
(at least conceptually)

If compose(int, int) is NON virtual

H Paragraph
T content : EString
= depth : EInt

”””””””””””””””””””””””””” & compose(EInt,Eint)

| content

| depth
| | Compose |
| compose — ¥ 0111010

1110010

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

§Paragraph::Paragraph(std::string content
| int depth)

A

_depth = depth;

_content = content;

e

. KAIR@ S Programmation multi paradigmes en C++



UNIVERSITE 2o

What happens in memory core oz ' Lrvoda—
(at least conceptually)

If compose(int, int) is NON virtual

H Paragraph
T content : EString
= depth : EInt

”””””””””””””””””””””””””” & compose(EInt,Eint)

| content="test’

depth = 2

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

; ~ Compose
| compose =~ P 0111010

1110010

§Paragraph::Paragraph(std::string content
| int depth)

A

_depth = depth;

_content = content;

e
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What happens in memory COTEDALR ' Lrade—
(at least conceptually)
If compose (int, int) is NON virtual and is not redefined in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

» ;

| content="test’

depth = 2

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

; ~ Compose
| compose =~ P 0111010

1110010

e
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);

§Item_Paragraph::Item_Paragraph(string content,

‘ int depth, char b)
:Paragraph(content, depth)

{

_bullet = b;

!
7ae
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What happens in memory COTeORUR *E L2da—

(at least conceptually)
If compose (int, int) is NON virtual and is not redefined in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

T | & compose(EInt,Eint)

| Z

| content="test’

depth = 2 H ltem_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | ® o100

1110010

.
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);

| content

depth

| compose

§Item_Paragraph::Item_Paragraph(string content,

‘ int depth, char b)
:Paragraph(content, depth)

{

_bullet = b;

!
7ae
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What happens in memory COTeORUR *E L2da—

(at least conceptually)
If compose (int, int) is NON virtual and is not redefined in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

P s | & compose(EInt,Eint)

| Z

| content="test’

depth = 2 H ltem_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | ® o100

1110010

.
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);

| content

depth

| compose

§Item_Paragraph::Item_Paragraph(string content,
‘ int depth, char b)
:Paragraph(content, depth)

D e | £
.~ _bullet = b;

!
7
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What happens in memory COTeORUR *E L2da—

(at least conceptually)
If compose (int, int) is NON virtual and is not redefined in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

P s | & compose(EInt,Eint)

| Z

| content="test’

depth = 2 H ltem_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | ® o100

110010

.
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);

| content=""

depth =

| compose

§Item_Paragraph::Item_Paragraph(string content,
‘ int depth, char b)
:Paragraph(content, depth)

D e | £
.~ _bullet = b;

!
7
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What happens in memory COTEDRZIR E L 2da—
(at least conceptually)

If compose (int, int) is NON virtual and is not redefined in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

| ;

| content="test'

depth = 2 H Item_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | P om0

| 110010

.
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);

| content=""

depth =

ESNpeEE Item Paragraph::Item Paragraph(string content,
_— ‘ int depth, char b)
:Paragraph(content, depth)
{
_bullet = b;
)
..

. KAIR@ S Programmation multi paradigmes en C++



What happens in memory
(at least conceptually)
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If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

3 content="test!

'depth =2 |
| | Compose|
| compose | P omoi0
| . 1.110010

| content=""

depth =1

| compose

. KAIR@ S Programmation multi paradigmes en C++

H Paragraph
T content : EString
= depth : EInt
& compose(Elnt,Elnt)

A

H ltem_Paragraph

H Section_Paragraph

= bullet : EString = title : EString

.
- Paragraph p(“test”,2);
ltem_Paragraph ip(*",1,#);
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What happens in memory corevRzun *F Lrzda

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

» ;

§ content="test!’

depth = 2 H Item_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | P om0

| 110010

TP s 5 ...
- Paragraph p(“test”,2);
| content="" | ~ Iltem_Paragraph ip(*”,1,'#);

depth =1

| | Compose
| compose | P 0111010
: ; § 110010

p.compose();
ip.compose();
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What happens in memory

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

lrzia—

H Paragraph
T content : EString
= depth : EInt
T ey & compose(EInt,Eint)

i

| content="test’

depth = 2 H ltem_Paragraph H Section_Paragraph
Compose = bullet : EString = title : EString

| compose | P om0

| . 1.110010

o 3 ...
| - Paragraph p(“test”,2);
~ Iltem_Paragraph ip(*”,1,'#);

| content=""

|depth =1 |
| . Compose |
| compose | P 0111010

| . 1.110010

p.compose();
- ip.compose();

What if we create a
vector of Paragraphs ??
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What happens in memory corevRzun *F Lrzda

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt
& compose(Elnt,Elnt)

A

. p:Paragraph |

Compose  [depth = 2 |

SO0 < compose |
110010 | compose

\content="test"H

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

iip:ltem_Paragraph

\ content="" \

'depth =1 | /1

§Compose§
compose | P o111010 |

1110010
|

e
- Paragraph p(“test”,2);
- ltem_Paragraph ip("",1,'#);

\Bullet='#'

vector<Paragraph> vp;
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What happens in memory corevRzun *F Lrzda

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

p:Paragraph

| vp:vector

» ‘ . Compose [depth = 2 |
| ipbis:Paragraph | !

| - OO0 <t [compose |
" lcontent="test”| | 110010 3 compose

\content="test"H

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| depth = 2 \/' e 5 o H ltem_Paragraph H Section_Paragraph
§ Ip:ltem_Paragraph = bullet : EString = title : EString
| ‘ content="" ‘
'depth =1 | /1
FCOMPOSE | | 77 T
[compose |—= 575 |
1110010 ¢ 1
| Bullet='4' | - Paragraph p(“test”,2);

~ Iltem_Paragraph ip(*”,1,'#);

vector<Paragraph> vp;
- vp.push_back(p);
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What happens in memory corevRzun *F Lrzda

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

p:Paragraph

77777777777777777777777777777777777777 ‘content=”test"“ & composelElnt,Eint)
...} Compose |[depth =2 | A

ipbis:Paragraph . 0111010 7 s

content="test"| 110010

|depth = 2| | T e H ltem_Paragraph H Section_ParagrapH
: : ip:Item_Paragraph ! . . .

| | [P 1eM-raragrapi . = bullet : EString = title : EString

| } ‘ content="" ‘

HipTrunc:Paragraphi \depth =1 ‘

e e ] : P COMPOSE | | Ty
[content="r | _compose | orii0n0 Y

|depth = 1 | B |  Dar u

| dep ‘ | (Bullet='#' | - Paragraph p(“test”,2);

| L |

~ Item_Paragraph ip(",1,'#);

vector<Paragraph> vp;
- vp.push_back(p);
- vp.push_back(ip);
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What happens in memory

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

p:Paragraph

77777777777777777777777777777777777777 ‘content=”test"“ & composelElnt,Eint)
:"},::,:,:,:::f:,ff,f:,f,; ”””””” Compose ‘ depth = 2 ‘ '&

ipbis:Paragraph . 0111010 7

content="test"|

" |depth = 2| P 5 o H ltem_Paragraph H Section_Paragraph
: lip:ltem_Paragraph . . .

| [P 1eM-raragrapi . = bullet : EString = title : EString

| ‘ content="" ‘

HipTrunc:Paragraphi \depth =1 ‘

" P COMPOSE | | Ty
[content=rr | _compose | = oo w7

|depth = 1 | B Doy u

3 dep | 3 Bullet='%' | - Paragraph p(“test”,2);

| = ‘

~ Item_Paragraph ip(",1,'#);

vector<Paragraph> vp;
- vp.push_back(p);
- vp.push_back(ip);
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What happens in memory e

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

p:Paragraph

\content="test"H

P ~  Compose [depth = 2 |

| - Teens’ lcompose |

 lcontent="test”] | 110010 = |COMPOSE

" |depth = 2 ‘/ - : H ltem_Paragraph H Section_ParagrapH
| | lip:ltem_Paragraph | : : .

| 1 - = bullet : EString o title : EString

3 | content="" |

lipTrunc:Paragraph ‘depth =1 ‘

e : ;Compose | | T
[contene=rr | oo Y

depth = 1 B - I n

| dep | | [Bullet='#" - Paragraph p(“test”,2);

| | ‘

Item_Paragraph ip(",1,'#);
vector<Paragraph> vp;
- vp.push_back(p);
- vp.push_back(ip);

We lost the specificities
of ltem_Paragraph
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What happens in memory

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

p:Paragraph
77777777777777777777777777777777777777 content="test"|
I ————  Compose [depth = 2 |
| Voo, @ lcompose |
 lontent="test”] = | 110010 | = CCOMPROSE
| depth = 2 | ‘ ‘
| / iip:ltem_Paragraph
compose | | content="" |
HipTrunc:Paragraphi \depth =1 ‘ e M ‘
" ‘ : Compose
: : 1110010
ldepth =1 |
3 3 \Bullet='#'
i i
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H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

...
- Paragraph p(“test”,2);
- Item_Paragraph ip(*,1,#);

vector<Paragraph> vp;
- vp.push_back(p);
- vp.push_back(ip);

We lost the specificities
of ltem_Paragraph...
Forever!
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What happens in memory e

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString

__p:Paragraph = depth : EInt
""""""""""""""""""" \content="test"H & compose(EInt,Eint)
,,,,,,,,,,,,,,,,,,,,,,,, depth = 2 | A

Compose
0111010 compose

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

iip:ltem_Paragraph

‘ content="" ‘

‘depth =1 \ e ¥
fCompose | | ey
compose 7’ 0111010 |

e
- Paragraph p(“test”,2);
- ltem_Paragraph ip("",1,'#);

| Bullet='#"

vector<paragraph*> vptr_p

What happens if we
create a vector
of paragraph pointer ?
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What happens in memory corevRzun *F Lrzda

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

% p:Paragraph §

\content="test"H
|depth = 2 |

:paragraph* ==l i;.item_Paragraph

tparagraph#*

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

‘ content="" ‘

‘depth =1 \ e ¥
fCompose | | ey
compose 7’ 0111010 |

...
~ Paragraph p(“test”,2);
-~ Item_Paragraph ip(",1,'#);

| Bullet='#"

vector<paragraph*> vptr_p
- vptr_p.push_back(&p);
- vptr_p.push_back(&ip);

. KAIR@ S Programmation multi paradigmes en C++



UNIVERSITE 2o

What happens in memory e

(at least conceptually)
If compose (int, int) is NON virtual and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString

'~ p:Paragraph | | = depth : EInt
ennean s : content="test"| | & compose(EInt,Elnt)
'vptr p:vector; |
YPER PIVEERORL o~ ‘depth = 2| £y
| sparagraph* 7 (R o [oompose |
| :paradraph* ot Paragraph. H Item_Paragrgph H S?ctmn_Pa.ragraph
N : = bullet : EString = title : EString
‘ content="" ‘
Typed by ‘depth = 1 |
Paragraph ...
(Bullet='#' | - Paragraph p(“test”,2);

deptn | /

- Iltem_Paragraph ip(*",1,'%);
| compose | 1

vector<paragraph*> vptr_p
- vptr_p.push_back(&p);
- vptr_p.push_back(&ip);

A call to a non-virtual function
is resolved according to

Jhe static type of the hidden parameter)

. K\AIR@ S Programmation multi paradigmes en C++




UNIVERSITE 2o

What happens in memory COEORAR E Lp2a

(at least conceptually)
If compose(int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

3 content="test/

depth = H ltem_Paragraph H Section_Paragraph
1 P 1 Paragraph vtable = bullet : EString = title : EString

| compose | compose

§Compose§ 3//
- 0111010 P . ,
110010 | - Paragraph p(“test”,2);

- p.compose();
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What happens in memory

(at least conceptually)
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If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

| content="test’

depth = 2

Paragraph vtable

| compose

compose

| - Compose!
| content="" | . 0111010
ltem_Paragraph 110010
|depth =1 | vtable

compose - | compose

. K\AIR® S Programmation multi paradigmes en C++

. 0111010
110010

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

...
- Paragraph p(“test”,2);
~ Iltem_Paragraph ip(*”,1,'#);

p.compose();
ip.compose();
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(at least conceptually)
If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

| ;

| content="test'

depth = 2

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

Paragraph vtable
| compose | compose

N \ 7.

: ; - Compose: i “ ”

| content="" f 30H1£o ] Pamgmphp(f?tfx )

ltem_Paragraph 110010 | - Item_Paragraph ip(",1,'#);

depth =1 | vtable

| compose - p.compose();

Leompose | ip.compose();

——— 3 imnmo | ,
110010, What happens if we

create a
vector of Paragraphs ??
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What happens in memory COreoRaR 5 Lo

(at least conceptually)
If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString

, p:Paragraph = depth : Eint
: vaector \content="test"\§ & composel(Elnt,Elnt)
I depth = 2 | A
ipbis:Paragraph! 3
‘content="test”‘ compose
| depth = 2 | Paragraph vtable ‘ H ltem_Paragraph H Section_Paragraph
compose = bullet : EString = title : EString
?ipTrunc:ParagraphL \Compose
Lcontent="r | 0111010 | w
|depth = 1 | 110010 | A -
| | - Paragraph p(“test”,2);
| {{SOTPOSEe ~ltem_Paragraph ip("",1,'#");
b ip:Item_Paragraphﬁ\ i
Z°“ie;‘t="’i T - vector<Paragraph> vp;
ep = vtabl : .
 Vp-push_back(p)
N - vp.push_back(ip);
\ Bullet='#" \ iCompose N
: 10111010
110010

We lost the specificities
of ltem_Paragraph
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What happens in memory COTEDRZIR E L 2da—
(at least conceptually)
If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString

T = depth : EInt

& compose(Elnt,Elnt)

A

content="test"|
\depth =2

compose

Paragraph vtable

compose

H ltem_Paragraph H Section_Paragraph
‘ = bullet : EString = title : EString

iipzltem_Paragraph

\ content="" \

Item_Paragraph

‘depth =1 ‘ vtable
TEOSE compose

[Bullet='#' |

..
~ Paragraph p(“test”,2);
ltem_Paragraph ip(“,1,'#);

: Compose
10111010
1110010

vector<paragraph*> vptr_p

What happens if we
create a vector
of paragraph pointer ?

. K\AIR® S Programmation multi paradigmes en C++
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What happens in memory COEORAR E Lp2a

(at least conceptually)
If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString

T = depth : EInt

f,;YPEE“PLYEQEQ;EJ,,‘ content="test"|

& compose(Elnt,Elnt)

A

Paragraph vtable

:paragraph* | |depth = 2|

e : compose

compose

"""""""""""" H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

iip:Item_Paragraph

\ content="" \\‘

‘ depth — llttean;l_eParagraph //
5 § compose i - « n
griy Paragraph p(“test”,2);

: Compose
10111010
1110010

[Bullet="'#%"

Item_Paragraph ip(“",1,'#);

vector<paragraph*> vptr_p
- vptr_p.push_back(&p);
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What happens in memory
(at least conceptually)
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If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

. p:Paragraph |

content="test

"‘

:paragraph* |depth = 2

compose

:paragraph#* \

ﬁipzltem_Paragraph

\content=""

Paragraph vtable

compose

depth = 1

compose

Item_Paragraph
vtable

[Bullet="'#%"

compose

| Compose

10111010

1110010

( A call to a virtual function

is resolved according to
the type dynamic type
of the hidden parameter

. K\AIR® S Programmation multi paradigmes en C++

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H ltem_Paragraph H Section_Paragraph
= bullet : EString = title : EString

).
~ Paragraph p(“test”,2);
-~ Item_Paragraph ip(",1,'#);

vector<paragraph*> vptr_p
- vptr_p.push_back(&p);
- vptr_p.push_back(&ip);
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What happens in memory eOrEsAR F Lpoda—

(at least conceptually)
If compose (int, int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

AR ‘ . p:Paragraph  “\\_
iYPEE“PLYEQEQE,,‘ content="test’ ‘\

sparagraph* ‘ depth = 2 Paragraph vtable
p g p compose
; ‘
:paragraph* ‘ “Compose | H ltem_Paragraph H Section_Paragraph
. ?1;3%0 = bullet : EString = title : EString
:paragraph* 3 §mnmme%AmQ
‘ \ content=l/" ‘\‘ ;
depth £ 1 l/tfangl_eparagraph ...
Ll\ - Paragraph p(“test”,2);
(puifet='#' | “Compose - Item_Paragraph ip(“",1,'#);
/. ; 10111010 3

1110010

/

‘ content="" ‘
\depth =1

compose

:Paragraph

- vector<paragraph*> vptr_p

- vptr_p.push_back(&p);

- vptr_p.push_back(&ip);

- vptr_p.push_back(new Paragraph(ip));

|

Y
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What happens in memory
(at least conceptually)

If compose (int,

. p:Paragraph  “\\_

vptr p:vector|

content="test"| \

:paragraph* |depth = 2

compose

:paragraph#*

tparagraph#*

y

Hp:ﬂern_Paragyéph?

\ content=/’

Paragraph vtable

compose

' Compose |
10111010

depth £ 1

Item_Paragraph
vtable

y A
\ Bul/et=' 4

:Paragraph

‘ content="" ‘
\depth =1 \

compose

. K\AIR® S Programmation multi paradigmes en C++

compose

10111010

| Compose

1110010

UNIVERSITE .

COTEDAZUR z;zquzz,_

int) is VIRTUAL and is REDEFINED in Item_Paragraph

H Paragraph
T content : EString
= depth : EInt

& compose(Elnt,Elnt)

A

H Section_Paragraph
= title : EString

H ltem_Paragraph
= bullet : EString

..
- Paragraph p(“test”,2);
-~ Item_Paragraph ip(*,1,#);

- vector<paragraph*> vptr_p

- vptr_p.push_back(&p);

- vptr_p.push_back(&ip);

- vptr_p.push_back(new Paragraph(ip));

You have to use the

clone () virtual function
(course 7-00.pdf)
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Abstract classes and pure virtual functions

1.1 opl
©P - Expression =
1.1
@ eval() : EINt ST.1 opr
¢
| Constant H Unary H Binary
& wvalue : Elnt >
ﬂ‘_\. JA
= UnaryPlus H UnaryMinus
H Plus H Minus = Multiplication | Division
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Abstract classes and pure virtual functions

Environment Object

ownedObjects |4 clonefout : Object*)

L 2 .
+ |+ paint()

Cube
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Abstract classes and pure virtual functions

Environment Object

ownedObjects |4 clonefout : Object*)

+ g
« |+ paint()

* Object is abstract

* |t cannot be instantiated Cube

* (because) Some of its behaviors cannot be defined

- at least one of its member function is a pure virtual function

IF"\AIR@S
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Abstract classes and pure virtual functions

Environment Object
° ObJeCt is abstract ownedObjects |4 clonefout : Object*)
¢ + |+ paint()
* |t cannot be instantiated
* Some of its behaviors cannot be defined
#ifndef _OBJECT_H
#define _OBJECT_H Cube

iclass Object

{

| public:

J/00 1 .

yiriest eblects chopel) onst=0: | pure vt uncrons
, virtual ~Object():

#endif // _OBJECT_H
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Abstract classes and pure virtual functions

* Object is abstract

Environment Object

. ownedObjects |4 clonefout : Object*)

+ |+ paint()
* |t cannot be instantiated
* Some of its behaviors cannot be defined
#ifndef _OBJECT_H
#define _OBJECT_H Cube

iclass Object

1
| public:
/L.

3

#endif // _OBJECT_H

virtual Object* cl
virtual void paint
virtual ~Object():

??Sé? COHStzg::} pure virtual functions

It is not always the case that a
Class has only pure virtual functions

l KAIR@ S Programmation multi paradigmes en C++




UNIVERSITE :2e%: 7
COTEDAZUR % pzzica —

Abstract classes and pure virtual functions

Environment Object
° ObJeCt is abstract . ownedObjects |4 clonefout : Object*)
+ |+ paint()
* |t cannot be instantiated
* Some of its behaviors cannot be defined
Cube

In C++, a Class is not a priori Abstract. This is a consequence !
If some behavior cannot be defined, it means this class should not be instantiated
and consequently it is an abstract class

IMR@S
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i

IMR@S
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {
void f£() { ... } // £() not defined in A

}i

A* pa = new B(); // OK
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i
A* pa = new B(); // OK
pa->f(); // KO
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i
A* pa = new B(); // OK
pa->f(); // KO
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i
B
A* pa = new B(); // OK T
B*)pa:B

pa->£(); // KO - £0
casted and B § N
((B*)pa)->f(); // OK thentyped by\ e T
O | :

IMR@S
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i
A
A* pa = new A(); // OK
pa->f(); // ko [/
casted and LB |
((B*)pa)->£(); // OK  then typed by o T

£0)]
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {
void f£() { ... } // £() not defined in A

}i

B* pa = new A(); // KO
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Safe downward cast (1)

* Downward cast may be dangerous

class A { ... };
class B : public A {

void f£() { ... } // £() not defined in A
}i
A* pa = new B(); // OK ‘ ‘
pa->f(); // ko [ 3 33
casted and B | i
((B*)pa)->£(); // OK thentypedby\ [

static_cast<B*>(pa)->f();// O
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Safe downward cast (2)

e Operator dynamic_cast

B *pb = dynamic cast<B*>(pa);
if (pb != nullptr)
{

pb->f(); // OK and safe

l KAIR@ S Programmation multi paradigmes en C++
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Safe downward cast (2)

e Operator dynamic_cast

B *pb = dynamic cast<B*>(pa);
if (pb != nullptr)
pb->£f(); // OK and safe

try {
B& b = dynamic cast<B&>(*pa);
b.£();

} catch(bad _cast) {

cerr << "bad conversion" << endl;
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Safe downward cast (3)

e Limitation of dynamic_cast

* Work only on classes with virtual functions (polymorphic
types)

 Invoking dynamic_cast from a constructor or a destructor

« dynamic_cast behaves like a virtual function

* it is statically bound in a constructor or a destructor

I*@MR@S



