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cl ass X {  publ i c:

X &oper at or = ( const  X &x)  {
i f  ( t hi s == &x)  r et ur n * t hi s;  / /  sel f - assi gnment !
. . .  / /  r el ease cur r ent  r esour ces and copy x
r et ur n * t hi s

}
} ;
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#i ncl ude <i ost r eam>
usi ng namespace st d;

cl ass V {
publ i c:

 V( i nt  n_)  {  al l oc( n_) ;  }  / /  cr eat es vect or  of  n_ el ement s
  V( const  V& x)  {  copy( x) ;  }
  V &oper at or =( const  V &x)  {  f r ee( ) ;  copy( x) ;  r et ur n * t hi s;  }  / /  BUGGY!
  ~V( )  {  f r ee( ) ;  }

i nt  si ze( )  const  {  r et ur n n;  }  / /  r et ur n #el ement s i n vect or

pr i vat e:  
i nt  n; / /  number  of  el ement s
i nt  * p; / /  vect or  has i t s own ar r ay,  t hus bi t - copy does not  wor k!  

 voi d al l oc( i nt  n_)  {  n = n_;  p = new i nt [ n] ;  } / /  al l ocat es ar r ay

voi d f r ee( )  {  del et e [ ]  p;  } / /  r el eases ar r ay

voi d copy( const  V &x)  {  / /  copi es ar r ay
al l oc( x. si ze( ) ) ;  f or  ( i nt  i =0;  i  < n;  ++i )  p[ i ]  = x. p[ i ] ;
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cl ass Shape {       / /  base cl ass
publ i c:  

i nt  col or ; / /  al l  shapes have a col or
f l oat  ar ea( )  const  {  r et ur n 0;  }  / /  and ar ea,  t oo

} ;

cl ass Rect angl e :  publ i c Shape {
pr i vat e:

i nt  xl ,  xr ,  yt ,  yb;  / /  descr i bes a Rect angl e
/ /  al so i nher i t s col or

publ i c:
Rect angl e( i nt  xl _,  i nt  xr _,  i nt  yt _,  i nt  yb_) :
 xl ( xl _) ,  xr ( xr _) ,  yt ( yt _) ,  yb( yb_)  { }

/ /  over r i des Shape: : ar ea( )
   f l oat  ar ea( )  const  {  r et ur n ( xr - xl ) * ( yb- yt ) ;  }
} ;

cl ass Ci r cl e :  publ i c Shape {
pr i vat e:

i nt  x,  y,  r ; / /  descr i bes a Ci r cl e
/ /  al so i nher i t s col or

publ i c:
  Ci r cl e( i nt  x_,  i nt  y_,  i nt  r _)  :
    x( x_) ,  y( y_) ,  r ( r _)  { }

  f l oat  ar ea( )  const  {  r et ur n r  *  r  *  PI ;  }
} ;

�� �� � � �:

;=< >@? A BCD < E? F�G H? I

� � � � �� � � � ��� � � �� � � � � � � � � � � � �� � � � �� � � � � � �

� � � � � � � � �� � �� � � � ��� � � � � � �

� J � � � � � � � � � � � � � � � � � � � � � � � � K � � � � � � � � �

� � � � � � L( � # M 
 � 
 N O � � � P

� Q R e\ ` X ST

� U S 5H8 ; = ? ? V8 =: ` ^ ^ [\ \ � ] W _ e ^ =: D� Z Y h [ ^ h [ �

@ 7 @ 57B ? 3 2X F ^` X XY h =8 8 7 ? ? AB >U = 97 @ 7 @ 57B ? 3 2X

� � � � � � L( � $ Y �	 
 �	 Z N O � � � P

� Q R e\ eg � _ [ g [ X h [ � e X h [Z g \ Y b ST

� A S 5 ; >8 @ 7 @ 57B ? 3 2 X 578 3 @ 7 AB 3 978 97 D >: V

� � � � � � � [

��� " � , $ �

cl ass X {

publ i c:
i nt  a; / /  v i s i bl e t o al l :  user s of  X,
voi d f a( ) ; / /  X i t sel f ,  and der i ved cl asses

pr ot ect ed:
i nt  b; / /  v i s i bl e t o der i ved cl asses & X,
voi d f b( ) ; / /  but  not  t o user s of  c l ass X!

pr i vat e:   
i nt  c; / /  onl y vi s i bl e t o member  f unct i ons
voi d f c( ) ; / /  of  X

} ; | i nt  mai n( )  {
| X x;

c l ass Y :  publ i c X { / /  Y “ i s an”  X  | Y y;    
                                     | x . a = 0; / /  OK

voi d f oo( )  { | y. a = 0; / /  OK
a = 0;  f a( ) ; / /  OK | x. b = 0;  / /  NOT OK
b = 0;  f b( ) ; / /  OK | x. c = 0;  / /  NOT OK
c = 0;  f c( ) ; / /  NOT ALLOWED! | }

  } |
} ; |
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cl ass Shape {
publ i c:

i nt  t ype_i d;
i nt  col or ;

} ;

enum {  CI RCLE,  RECTANGLE,  TRI ANGLE,  . . .  } ;

cl ass Ci r c l e :  publ i c Shape {
i nt  x, y, r ;

publ i c:
Ci r cl e( )  {  x=y=r =0;  t ype_i d = CI RCLE;  }
voi d dr aw( Scr een * s)  const  {  . . .  }

  . . .
} � � � � � � � ��

c l ass Gr aphi cs {
publ i c:

voi d dr aw( )  { / /  dr aw al l  obj ect s
f or  ( i nt  i =0;  i  < n_obj s;  ++i )  {

Shape * p = obj s[ i ] ;
swi t ch( p- >t ype_i d)  {
case CI RCLE:  

st at i c_cast <Ci r cl e* >( p) - >dr aw( scr een) ;  
br eak;

case RECTANGLE:  
st at i c_cast <Rect angl e* >( p) - >dr aw( scr een) ;
br eak; . . .

}
}
Shape * * obj s; / /  ar r ay of  poi nt er s t o Shapes
i nt  n_obj s; / /  number  of  obj ect s
Scr een * scr een;
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c l ass Shape { / /  abst r act  base cl ass
publ i c:

i nt  col or ;
vi r t ual  void draw(Screen *s) const = 0;  / / abst r act

} ;    / /  = 0:  der i ved c l asses must  i mpl ement  f unct i on 

c l ass Ci r cl e :  publ i c Shape {
publ i c:

Ci r cl e( )  {  x = y = r  = 0;  }
voi d dr aw( Scr een * s)  const  {  . . .  }  / /  i mpl ement s

pr i vat e: / /  vi r t ual  f unct i on
 i nt  x, y, r ;
}
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cl ass Gr aphi cs {
publ i c:

voi d dr aw( )  { / /  dr aw al l  obj ect s
f or  ( i nt  i =0;  i  < n_obj s;  ++i )  {

obj s [ i ] - >dr aw( scr een) ;  
}

}
Shape * * obj s; / /  ar r ay of  poi nt er s  t o Shapes
i nt  n_obj s; / /  number  of  obj ect s
Scr een * scr een;

} ;
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 Ci r cl e x;             Vi r t ual  Funct i on Tabl e
                      f or  Ci r c l e
 ________              _____________    Ci r cl e: : dr aw
| _VFTP___| - - - - - - - - - - - >| ____dr aw_____| - - > - - - -
| _col or __|             | _____________|     - - - -
| __. . . ___|             | _____________|     - - - -


