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

list

This section implements the STL li s t  class discussed in Section 7.6. We will
see lots of code, but most of the techniques were seen earlier in this chapter.

�
/ / I ncompl et e c l ass d ec l ar at i ons f or�
/ / t he c onst _i t er at or , i t er at or , a nd l i s t ,�
/ / b ecause a l l t hese c l asses r ef er t o e ach o t her .�
t empl at e < c l ass O bj ect >�
c l ass C onst Li st I t r ;��
t empl at e < c l ass O bj ect >�
c l ass L i s t I t r ;�� �
t empl at e < c l ass O bj ect >� �
c l ass l i s t ;� �� �
/ / T he b asi c d oubl y- l i nked l i s t n ode.� �
/ / E ver yt hi ng i s p r i vat e, a nd i s a ccess i bl e� �
/ / o nl y b y t he i t er at or s a nd l i s t c l asses.� �
t empl at e < c l ass O bj ect >� �
c l ass L i s t Node� �
{� �
    Obj ect d at a;� �
    Li s t Node * pr ev;� �
    Li s t Node * next ;� �� �
    Li s t Node( c onst O bj ect & d = O bj ect ( ) ,� �
              Li s t Node * p = N ULL, L i st Node * n = N ULL )� �
      : d at a( d ) , p r ev( p ) , n ext ( n ) { }� �� �
    f r i end c l ass C onst Li s t I t r <Obj ect >;� �
    f r i end c l ass L i st I t r <Obj ect >;� �
    f r i end c l ass l i s t <Obj ect >;� �
} ;

� � �  ! " # $ % & '
Lis t Node ( ) * + + * , - - . ( ) * / * 0 1 2 , + 3 2 / 2 0 4 . / ( ) * + + . +
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�
t empl at e < c l ass O bj ect >�
c l ass l i s t�
{�
  publ i c:�
    t ypedef L i s t I t r <Obj ect >      i t er at or ;�
    t ypedef C onst Li st I t r <Obj ect > c onst _i t er at or ;

�
�

    l i s t ( ) ;�
    ~l i s t ( ) ;� �� �
    l i s t ( c onst l i s t & r hs ) ;� �
    const l i s t & o per at or = ( c onst l i s t & r hs ) ;� �� �
    i t er at or b egi n( ) ;� �
    const _i t er at or b egi n( ) c onst ;� �� �
    i t er at or e nd( ) ;� �
    const _i t er at or e nd( ) c onst ;� �� �
    i nt s i ze( ) c onst ;� �
    bool e mpt y( ) c onst ;� �
       � �
    Obj ect & f r ont ( ) ;� �
    const O bj ect & f r ont ( ) c onst ;� �� �
    Obj ect & b ack( ) ;� �
    const O bj ect & b ack( ) c onst ;� �� �
    voi d p ush_f r ont ( c onst O bj ect & x ) ;� �
    voi d p ush_back( c onst O bj ect & x ) ;� �
    voi d p op_f r ont ( ) ;� �
    voi d p op_back( ) ;� �� �
    i t er at or i nser t ( i t er at or i t r , c onst O bj ect & x ) ;� �
    i t er at or e r ase( i t er at or i t r ) ;� �
    i t er at or e r ase( i t er at or s t ar t , i t er at or e nd ) ;� �

� �
    f r i end c l ass C onst Li s t I t r <Obj ect >;� �
    f r i end c l ass L i st I t r <Obj ect >;� �� �
  pr i vat e:� �
    t ypedef L i s t Node<Obj ect > n ode;� �� �
    i nt   t heSi ze;� �
    node * head;� �
    node * t ai l ;� �

� �
    voi d i ni t ( ) ;� �
    voi d makeEmpt y( ) ;� �
} ;

� � �  ! " # $ % & =
lis t ( ) * + + 1 , 0 . / 3 * ( .
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Our code already uses many pages, so to save some space, we do not show all
the include directives, and we occasionally skimp on the commenting.

As we saw previously, we will need a class to store the basic list node, a class
for the iterator, and a class for the list itself. The STL provides two types of itera-
tors: the const _i t er ato r  and i t er at or , so we will have two iterator
classes, for a grand total of four classes. As we will see, const _i t er at or  and
i t er at or  wil l be typedefs representing the two iterator class templates. The
technique was seen in the vect or  implementation in Figure 7.10. Because the
iterators are bidirectional, we will need a doubly-linked list. Finally, our imple-
mentation will be safer than the STL’s in that the use of bad iterators (for
instance, advancing past the endmarker) will cause an exception to be thrown.

The four classes are: l i s t , Li s t I t r , Const Li st I t r , and Li st Node.
We begin by discussing Li st Node. Then we look at l i s t , and finally we look
at the two iterator classes.

Figure 16.23 (page 838) shows the Li st Node class. This is very similar to
the LLi s t Node class that we wrote in Figure 16.7. The main difference is that
since we use a doubly linked list, we have both pr ev  and next  pointers. As we
saw before, we use the technique of making all the members private, and then
making the three other class friends. And so we also see the technique of using an
incomplete class declaration.

Next we see the l i s t  class interface in Figure 16.24. As advertised, lines 5
and 6 are typedefs for the i t er at or  and const _i t er at or . At line 42, we
use another typedef, simply for convenience. When writing member functions,
instead of using Li st Node<Obj ect >, we can now use node. We see this
immediately in the declaration of head and t ai l  at lines 45 and 46. Notice also
that the list class keeps track of its size in a data member declared at line 44. We
do this so that the si ze method can be performed in constant time.

Almost all of the member functions use signatures that we’ve seen before. So
for instance, there are two versions of begi n and end, just like in the vect or
class in Figure 7.10.

Some unusual lines of code occur at lines 34 to 39. The three member func-
tions (i nser t  and both er ase methods) pass an iterator using call by value
instead of by the normal (for non-primitive objects) constant reference. This is
safe, because as we wil l see, the iterator is a small object. Also unusual is that the
friend declarations do not use const _i t er at or  and i t er at or  directly. One
of our compilers didn’ t like it, so we have played it safe. This illustrates the typi-
cal C++ problem of combining too many features at the same time. Often, you
will run into compiler bugs.

The implementation of l i s t  begins in Figure 16.25 (page 838), where we
see a constructor and the big three. makeEmpt y  and i ni t  are private helpers.
i ni t  contains the basic functionali ty of the zero-parameter constructor, but is a
separate function so that the copy constructor can be implemented by logically
using a zero-parameter constructor and oper at or =. All i n all , there is li ttle new
here. We combine a lot of the LLi s t  code with concepts in Section 16.3.
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�
t empl at e < c l ass O bj ect >�
l i s t <Obj ect >: : l i s t ( )�
{�
    i ni t ( ) ;�
}��
t empl at e < c l ass O bj ect >�
voi d l i s t <Obj ect >: : i ni t ( )�
{� �
    t heSi ze = 0 ;� �
    head = n ew n ode;� �
    t ai l = n ew n ode;� �
    head- >next = t ai l ;� �
    t ai l - >pr ev = h ead;� �
}� �� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : ~l i st ( )� �
{� �
    makeEmpt y( ) ;� �
    del et e h ead;� �
    del et e t ai l ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
voi d l i s t <Obj ect >: : makeEmpt y( )� �
{� �
    whi l e( ! empt y( ) )� �
        pop_f r ont ( ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : l i s t ( c onst l i s t <Obj ect > & r hs )� �
{� �
    i ni t ( ) ;� �
    * t hi s = r hs ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
const l i s t <Obj ect > &� �
l i s t <Obj ect >: : oper at or = ( c onst l i s t & r hs )� �
{� �
    i f ( t hi s = = & r hs )� �
        r et ur n * t hi s;� �� �
    makeEmpt y( ) ;� �
    const _i t er at or i t r = r hs. begi n( ) ;� �
    whi l e( i t r ! = r hs . end( ) )� �
        push_back( * i t r ++ ) ;� �
    r et ur n * t hi s;� �
}

� � �  ! " # $ % & A B 2 , + 0 / C ( 0 2 / * , - D 1 8 0 4 / . . 3 2 / list ( ) * + +
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�

/ / R et ur n i t er at or r epr esent i ng b egi nni ng o f l i s t .�
/ / M ut at or v er s i on i s f i r st , t hen a ccessor v er s i on.�
t empl at e < c l ass O bj ect >�
l i s t <Obj ect >: : i t er at or l i s t <Obj ect >: : begi n( )�
{�
    i t er at or i t r ( * t hi s , h ead ) ;

�
    r et ur n + +i t r ;�
}�� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : const _i t er at or l i s t <Obj ect >: : begi n( ) c onst� �
{� �
    const _i t er at or i t r ( * t hi s , h ead ) ;� �
    r et ur n + +i t r ;� �
}� �� �
/ / R et ur n i t er at or r epr esent i ng e ndmar ker o f l i s t .� �
/ / M ut at or v er s i on i s f i r st , t hen a ccessor v er s i on.� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : i t er at or l i s t <Obj ect >: : end( )� �
{� �
    r et ur n i t er at or ( * t hi s, t ai l ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : const _i t er at or l i s t <Obj ect >: : end( ) c onst� �
{� �
    r et ur n c onst _i t er at or ( * t hi s, t ai l ) ;� �
}� �� �
/ / R et ur n n umber o f e l ement s c ur r ent l y i n t he l i s t .� �
t empl at e < c l ass O bj ect >� �
i nt l i s t <Obj ect >: : s i ze( ) c onst� �
{� �
    r et ur n t heSi ze;� �
}� �

� �
/ / R et ur n t r ue i f t he l i s t i s e mpt y , f al se o t her wi se.� �
t empl at e < c l ass O bj ect >� �
bool l i s t <Obj ect >: : empt y( ) c onst� �
{� �
    r et ur n s i ze( ) = = 0 ;� �
}

� � �  ! " # $ % & $
beg i n F end F size F * , - empty 3 2 / l i st ( ) * + +

Figure 16.26 (page 842) contains methods begi n, end, si ze, and empt y .
begi n looks much like the LLi s t  method zer ot h (Figure 16.10), except that
the iterators are constructed by passing not only a pointer to a node, but also a ref-
erence to the list that contains the node. This allows additional error checking for
the i nser t  and er ase methods. However, zer ot h returns the header, but we
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want the first node, so we advance the iterator with oper at or ++, and use its
new value as the return value. end, s i ze, and empt y  are one-liners.

Figure 16.27 (page 844) contains the double-ended queue operations. All are
one-liners that combine calls to begi n, end, oper at or * , oper at or - - ,
i nser t , and er ase. Recall that the i nser t  method inserts prior to a position.
So, push_back  inserts prior to the endmarker, as required. In pop_back , note
that er ase( - - end( ) )  creates an iterator corresponding to the endmarker,
retreats, and uses that iterator to er ase. Similar behavior is seen in back .

i nser t  and er ase are shown in Figure 16.28. asser t I sVal i d, called
at line 6 throws an exception if i t r  is not at an insertable location. This could
occur if it was never initialized. At line 7 we test that i t r  belongs to this list, and
at line 8 we throw an exception if it does not. The rest of the code is the usual
splicing already discussed for doubly linked list. At line 14, an iterator represent-
ing the newly inserted item is returned. G H I J K L M I N O

i t r P QQ R K L I P S S I T P K R I L UK O R I V R H I W K L L R N
er ase X K Y T R H P Q P QZ H U

er ase
V I R M V Y QK Y P R I V K R N V [

In the first version of er ase, we see an additional error check. Afterwards,
we perform the standard deletion in a doubly linked list; we return an iterator rep-
resenting the item after the deleted element. Like i nser t , er ase must update
t heSi ze. The second version of er ase simply uses an iterator to call the first
version of er ase. Note carefully, that we cannot simply use i t r ++ in the f or
loop at line 41 and ignore the return value of erase at line 42. The value of i t r  is
stale immediately after the call to er ase, and this is why er ase returns an iter-
ator.

Figure 16.29 has the class interface for Const Li st I t r  and Li s t I t r .
The iterators store the current position and a pointer to the header. Of most inter-
est is the use of inheritance. We want to be able to send an i t er at or  to any
method that accepts a const _i t era t or , but not vice-versa. So an i t er at or
IS-A const _i t er at or . As a result, the private assert methods only need to be
written once for the two classes. At line 6, the base class destructor is declared
virtual, as is normal for base classes. oper at or *  is also declared virtual.

However, oper at or ++ and oper at or - -  are not virtual, mostly because
their return types change. The versions that do not return references cannot be vir-
tual, while those that return references can be virtual because they have compati-
ble return types (the return type changes from a reference to a base class to a
reference to a derived class Section 4.4.4). However, our compilers did not agree
with the newer rules.

The iterator classes each declare oper at or ++ and oper at or - -  to mirror
advance and r et r eat  (see Section 2.3.3 for a discussion of operator over-
loading). The public comparison operators and the private helper r et r i eve are
declared in const _i t er at or  and inherited unchanged. 
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/ / f r ont , b ack, p ush_f r ont , p ush_back, p op_f r ont , a nd p op_back�
/ / a r e t he b asi c d oubl e- ended q ueue o per at i ons.�
t empl at e < c l ass O bj ect >�
Obj ect & l i s t <Obj ect >: : f r ont ( )�
{�
    r et ur n * begi n( ) ;

�
}��
t empl at e < c l ass O bj ect >� �
const O bj ect & l i s t <Obj ect >: : f r ont ( ) c onst� �
{� �
    r et ur n * begi n( ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
Obj ect & l i s t <Obj ect >: : back( )� �
{� �
    r et ur n * - - end( ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
const O bj ect & l i s t <Obj ect >: : back( ) c onst� �
{� �
    r et ur n * - - end( ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
voi d l i s t <Obj ect >: : push_f r ont ( c onst O bj ect & x )� �
{� �
    i nser t ( b egi n( ) , x ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
voi d l i s t <Obj ect >: : push_back( c onst O bj ect & x )� �
{� �
    i nser t ( e nd( ) , x ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
voi d l i s t <Obj ect >: : pop_f r ont ( )� �
{� �
    er ase( b egi n( ) ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
voi d l i s t <Obj ect >: : pop_back( )� �
{� �
    er ase( - - end( ) ) ;� �
}

� � �  ! " # $ % & \ ] 2 C D ) . ^ . , - . - _ C . C . list 2 7 . / * 0 1 2 , +
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�
/ / I nser t x b ef or e i t r .�
t empl at e < c l ass O bj ect >�
l i s t <Obj ect >: : i t er at or�
l i s t <Obj ect >: : i nser t ( i t er at or i t r , c onst O bj ect & x )�
{�
    i t r . asser t I sVal i d( ) ;

�
    i f ( i t r . head ! = h ead )  / / i t r i s n ot i n t hi s l i s t�
        t hr ow I t er at or Mi smat chExcept i on( ) ;�� �
    node * p = i t r . cur r ent ;� �
    p- >pr ev- >next = n ew n ode( x , p - >pr ev, p ) ;� �
    p- >pr ev = p - >pr ev- >next ;� �
    t heSi ze++;� �
    r et ur n i t er at or ( * t hi s, p - >pr ev ) ;� �
}� �� �
/ / E r ase i t em a t i t r .� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : i t er at or l i s t <Obj ect >: : er ase( i t er at or i t r )� �
{� �
    i t r . asser t I sVal i d( ) ;� �
    i f ( i t r = = e nd( ) )     / / c an' t e r ase e ndmar ker� �
        t hr ow I t er at or Out Of BoundsExcept i on( ) ;� �
    i f ( i t r . head ! = h ead )  / / i t r i s n ot i n t hi s l i s t� �
        t hr ow I t er at or Mi smat chExcept i on( ) ;� �� �
    node * p = i t r . cur r ent ;� �
    i t er at or r et Val ( * t hi s, p - >next ) ;� �
    p- >pr ev- >next = p - >next ;� �
    p- >next - >pr ev = p - >pr ev;� �
    del et e p ;� �
    t heSi ze- - ;� �
    r et ur n r et Val ;� �
}� �� �
/ / E r ase i t ems i n t he r ange [ f r om, t o) .� �
t empl at e < c l ass O bj ect >� �
l i s t <Obj ect >: : i t er at or� �
l i s t <Obj ect >: : er ase( i t er at or f r om, i t er at or t o )� �
{� �
    f or ( i t er at or i t r = f r om; i t r ! = t o; )� �
         i t r = e r ase( i t r ) ;� �
    r et ur n t o;� �
}

� � �  ! " # $ % & a b . 0 4 2 - + 3 2 / 1 , + . / 0 1 2 , * , - / . 6 2 c * ) 3 / 2 6 0 4 . l i st

LinkedLists.mkr  Page 845  Thursday, October 14, 1999  10:19 PM



� > d
�

t empl at e < c l ass O bj ect >�
c l ass C onst Li st I t r�
{�
  publ i c:�
    Const Li st I t r ( ) ;�
    v i r t ual ~ Const Li s t I t r ( ) { }

�
�

    v i r t ual c onst O bj ect & o per at or * ( ) c onst ;�
    Const Li st I t r & o per at or ++ ( ) ;� �
    Const Li st I t r o per at or ++ ( i nt ) ;� �
    Const Li st I t r & o per at or - - ( ) ;� �
    Const Li st I t r o per at or - - ( i nt ) ;� �
        � �
    bool o per at or == ( c onst C onst Li st I t r & r hs ) c onst ;� �
    bool o per at or ! = ( c onst C onst Li st I t r & r hs ) c onst ;� �� �
  pr ot ect ed:� �
    t ypedef L i s t Node<Obj ect > n ode;� �
    node * head;� �
    node * cur r ent ;� �� �
    f r i end c l ass l i s t <Obj ect >;� �
    voi d a sser t I s I ni t i al i zed( ) c onst ;� �
    voi d a sser t I sVal i d( ) c onst ;� �
    voi d a sser t CanAdvance( ) c onst ;� �
    voi d a sser t CanRet r eat ( ) c onst ;� �
    Obj ect & r et r i eve( ) c onst ;� �� �
    Const Li st I t r ( c onst l i s t <Obj ect > & s our ce, n ode * p ) ;� �
} ;� �� �
t empl at e < c l ass O bj ect >� �
c l ass L i s t I t r : p ubl i c C onst Li s t I t r <Obj ect >� �
{� �
  publ i c:� �
    Li s t I t r ( ) ;� �

� �
    Obj ect & o per at or * ( ) ;� �
    const O bj ect & o per at or * ( ) c onst ;� �
    Li s t I t r & o per at or ++ ( ) ;� �
    Li s t I t r o per at or ++ ( i nt ) ;� �
    Li s t I t r & o per at or - - ( ) ;� �
    Li s t I t r o per at or - - ( i nt ) ;� �� �
  pr ot ect ed:� �
    t ypedef L i s t Node<Obj ect > n ode;� �
    f r i end c l ass l i s t <Obj ect >;� �� �
    Li s t I t r ( c onst l i s t <Obj ect > & s our ce, n ode * p ) ;� �
} ;

� � �  ! " # $ % & e B ) * + + 1 , 0 . / 3 * ( . 3 2 / 0 f 2 list 1 0 . / * 0 2 / +
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�
/ / P ubl i c c onst r uct or f or c onst _i t er at or .�
t empl at e < c l ass O bj ect >�
Const Li st I t r <Obj ect >: : Const Li st I t r ( )�
  : h ead( N ULL ) , c ur r ent ( N ULL )�
{�
}

�
�

/ / P r ot ec t ed c onst r uc t or f or c onst _i t er at or .�
/ / E xpect s t he l i s t t hat o wns t he i t er at or a nd a� �
/ / p oi nt er t hat r epr esent s t he c ur r ent p osi t i on.� �
t empl at e < c l ass O bj ect >� �
Const Li st I t r <Obj ect >: :� �
Const Li st I t r ( c onst l i s t <Obj ect > & s our ce, n ode * p )� �
  : h ead( s our ce. head ) , c ur r ent ( p )� �
{� �
}� �

� �
/ / P ubl i c c onst r uct or f or i t er at or .� �
/ / C al l s t he b ase- c l ass c onst r uct or .� �
/ / M ust b e p r ov i ded b ecause t he p r i vat e c onst r uct or� �
/ / i s w r i t t en; o t her wi se z er o- par amet er c onst r uct or� �
/ / w oul d b e d i sabl ed.� �
t empl at e < c l ass O bj ect >� �
Li s t I t r <Obj ect >: : Li st I t r ( )� �
{� �
}� �

� �
/ / P r ot ec t ed c onst r uc t or f or i t er at or .� �
/ / E xpect s t he l i s t t hat o wns t he i t er at or a nd a� �
/ / p oi nt er t hat r epr esent s t he c ur r ent p osi t i on.� �
t empl at e < c l ass O bj ect >� �
Li s t I t r <Obj ect >: :� �
Li s t I t r ( c onst l i s t <Obj ect > & s our ce, n ode * p )� �
  : C onst Li st I t r <Obj ect >( s our ce, p )� �
{� �
}

� � �  ! " # $ % ' h B 2 , + 0 / C ( 0 2 / + 3 2 / list 1 0 . / * 0 2 / +

The iterator constructors are shown in Figure 16.30. They are straightfor-
ward. As we mentioned earlier, the zero-parameter constructor is public, while
the two parameter constructor, that sets the current position and the header posi-
tion, is private. Various assertion methods are shown in Figure 16.31. These all
test the validity of an iterator and throw an exception if the iterator is determined
to be invalid. Otherwise, these methods return safely.
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� > �
�

/ / T hr ows a n e xcept i on i f t hi s i t er at or i s o bvi ousl y�
/ / u ni ni t i al i zed. O t her wi se, r et ur ns s af el y .�
t empl at e < c l ass O bj ect >�
voi d C onst Li s t I t r <Obj ect >: : asser t I s I ni t i al i zed( ) c onst�
{�
    i f ( h ead = = N ULL | | c ur r ent = = N ULL )

�
        t hr ow I t er at or Uni ni t i al i zedExcept i on( ) ;�
}�� �
/ / T hr ows a n e xcept i on i f t he c ur r ent p os i t i on i s� �
/ / n ot s omewher e i n t he r ange f r om begi n t o e nd, i ncl us i ve.� �
/ / O t her wi se, r et ur ns s af el y.� �
t empl at e < c l ass O bj ect >� �
voi d C onst Li s t I t r <Obj ect >: : asser t I sVal i d( ) c onst� �
{� �
    asser t I sI ni t i al i zed( ) ;� �
    i f ( c ur r ent = = h ead )� �
        t hr ow I t er at or Out Of BoundsExcept i on( ) ;� �
}� �� �
/ / T hr ows a n e xcept i on i f o per at or ++ c annot b e s af el y a ppl i ed� �
/ / t o t he c ur r ent p os i t i on. O t her wi se, r et ur ns s af el y .� �
t empl at e < c l ass O bj ect >� �
voi d C onst Li s t I t r <Obj ect >: : asser t CanAdvance( ) c onst� �
{� �
    asser t I sI ni t i al i zed( ) ;� �
    i f ( c ur r ent - >next = = N ULL )� �
        t hr ow I t er at or Out Of BoundsExcept i on( ) ;� �
}� �� �
/ / T hr ows a n e xcept i on i f o per at or - - c annot b e s af el y a ppl i ed� �
/ / t o t he c ur r ent p os i t i on. O t her wi se, r et ur ns s af el y .� �
t empl at e < c l ass O bj ect >� �
voi d C onst Li s t I t r <Obj ect >: : asser t CanRet r eat ( ) c onst� �
{� �
    asser t I sVal i d( ) ;� �
    i f ( c ur r ent - >pr ev = = h ead )� �
        t hr ow I t er at or Out Of BoundsExcept i on( ) ;� �
}

� � �  ! " # $ % ' # i * / 1 2 C + * + + . / 0 1 2 , + 0 4 * 0 0 4 / 2 f . j ( . 7 0 1 2 , + 1 3 0 4 . * + + . / 0 1 2 , 3 * 1 ) +

In Figure 16.32, we see three versions of oper at or * , which is used to get
the Obj ect  stored at the current position. Recall that we have an accessor
method that returns a constant reference, and a mutator method that returns a ref-
erence (through which the Obj ect  can be changed). The mutator method cannot
be made available for const _i t er at or , so we have only three methods. All
are identical except for the return type, and simply call the r et r i eve method.
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5 6 7 ) . 6 . , 0 1 , 8 0 4 . 9 : ; list
� > <

�
/ / R et ur n t he o bj ec t s t or ed a t t he c ur r ent p osi t i on.�
/ / F or c onst _i t er at or , t hi s i s a n a ccessor w i t h a�
/ / c onst r ef er ence r et ur n t ype.�
t empl at e < c l ass O bj ect >�
const O bj ect & C onst Li s t I t r <Obj ect >: : oper at or * ( ) c onst�
{

�
    r et ur n r et r i eve( ) ;�
}�� �
/ / R et ur n t he o bj ec t s t or ed a t t he c ur r ent p osi t i on.� �
/ / F or i t er at or , t her e i s a n a ccessor w i t h a� �
/ / c onst r ef er ence r et ur n t ype a nd a m ut at or w i t h� �
/ / a r ef er ence r et ur n t ype. T he a ccessor i s s hown f i r st .� �
t empl at e < c l ass O bj ect >� �
const O bj ect & L i st I t r <Obj ect >: : oper at or * ( ) c onst� �
{� �
    r et ur n C onst Li s t I t r <Obj ect >: : oper at or * ( ) ;� �
}� �� �
t empl at e < c l ass O bj ect >� �
Obj ect & L i st I t r <Obj ect >: : oper at or * ( )� �
{� �
    r et ur n r et r i eve( ) ;� �
}� �� �
/ / P r ot ec t ed h el per i n c onst _i t er at or t hat r et ur ns t he o bj ect� �
/ / s t or ed a t t he c ur r ent p osi t i on. C an b e c al l ed b y a l l� �
/ / t hr ee v er s i ons o f o per at or * w i t hout a ny t ype c onver s i ons.� �
t empl at e < c l ass O bj ect >� �
Obj ect & C onst Li s t I t r <Obj ect >: : r et r i eve( ) c onst� �
{� �
    asser t I sVal i d( ) ;� �
    i f ( c ur r ent - >next = = N ULL )� �
        t hr ow I t er at or Out Of BoundsExcept i on( ) ;� �� �
    r et ur n c ur r ent - >dat a;� �
}

� � �  ! " # $ % ' & i * / 1 2 C + operator* 1 6 7 ) . 6 . , 0 * 0 1 2 , +
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� ` ?
�

t empl at e < c l ass O bj ect >   / / p r ef i x�
Const Li st I t r <Obj ect > & C onst Li s t I t r <Obj ect >: : oper at or ++ ( )�
{�
    asser t CanAdvance( ) ;�
    cur r ent = c ur r ent - >next ;�
    r et ur n * t hi s;

�
}��
t empl at e < c l ass O bj ect >   / / p ost f i x� �
Const Li st I t r <Obj ect > C onst Li s t I t r <Obj ect >: : oper at or ++ ( i nt )� �
{� �
    Const Li st I t r <Obj ect > o l d = * t hi s;� �
    ++( * t hi s ) ;� �
    r et ur n o l d;� �
}� �� �
t empl at e < c l ass O bj ect >   / / p r ef i x� �
Li s t I t r <Obj ect > & L i s t I t r <Obj ect >: : oper at or ++ ( )� �
{� �
    asser t CanAdvance( ) ;� �
    cur r ent = c ur r ent - >next ;� �
    r et ur n * t hi s;� �
}� �� �
t empl at e < c l ass O bj ect >   / / p ost f i x� �
Li s t I t r <Obj ect > L i s t I t r <Obj ect >: : oper at or ++ ( i nt )� �
{� �
    Li s t I t r <Obj ect > o l d = * t hi s ;� �
    ++( * t hi s ) ;� �
    r et ur n o l d;� �
}� �� �
t empl at e < c l ass O bj ect >   / / p r ef i x� �
Const Li st I t r <Obj ect > & C onst Li s t I t r <Obj ect >: : oper at or - - ( )� �
{� �
    asser t CanRet r eat ( ) ;� �
    cur r ent = c ur r ent - >pr ev;� �
    r et ur n * t hi s;� �
}� �� �
t empl at e < c l ass O bj ect >   / / p ost f i x� �
Const Li st I t r <Obj ect > C onst Li s t I t r <Obj ect >: : oper at or - - ( i nt )� �
{� �
    Const Li st I t r <Obj ect > o l d = * t hi s;� �
    - - ( * t hi s ) ;� �
    r et ur n o l d;� �
}

� � �  ! " # $ % ' ' k 2 C / c . / + 1 2 , + 2 3 operator++ l 0 f 2 3 2 / . * ( 4 1 0 . / * 0 2 / m F * , - 0 f 2c . / + 1 2 , + 2 3 2 7 . / * 0 2 / ^ ^ l 3 2 / Const ListItr m n 0 f 2 * - - 1 0 1 2 , * ) c . / ^+ 1 2 , + 2 3 operator-- * / . + 1 6 1 ) * / * , - , 2 0 + 4 2 f ,
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5 6 7 ) . 6 . , 0 1 , 8 0 4 . 9 : ; list
� ` @

�
t empl at e < c l ass O bj ect >�
bool C onst Li s t I t r <Obj ect >: :�
oper at or == ( c onst C onst Li s t I t r & r hs ) c onst�
{�
    r et ur n c ur r ent = = r hs . cur r ent ;�
}

�
�

t empl at e < c l ass O bj ect >�
bool C onst Li s t I t r <Obj ect >: :� �
oper at or ! = ( c onst C onst Li s t I t r & r hs ) c onst� �
{� �
    r et ur n ! ( * t hi s = = r hs ) ;� �
}

� � �  ! " # $ % ' = o _ C * ) 1 0 p 2 7 . / * 0 2 / + 3 2 / ) 1 + 0 1 0 . / * 0 2 / + n 0 4 . + . * / . 1 , 4 . / 1 0 . - C , ( 4 * , 8 . -D p Li stItr

The various implementations of opera t or ++ are shown in In Figure 16.33
(page 850). The postfix version (i t r ++) is implemented in terms of the prefix
version (++i t r ), the derived class versions are identical to the base class ver-
sions (except for class name), and oper at or - -  uses the same logic as
oper at or ++. Consequently, we omit two versions of oper at or - - . Finally,
Figure 16.34 shows a straightforward implementation of the equality operators.

All i n all , there is a large amount of code, but it simply embellishes the basics
seen in the original implementation of LLi s t  in Section 16.2.
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