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3IMPLIFYING�!LGORITHMS�5SING�)TERATOR�4RAITS

!NGELIKA�,ANGER��EMAIL��LANGER ROGUEWAVE�COM	

!BSTRACT

.OW�THAT�WE�HAVE�ITERATOR�TRAITS�WE�CAN�SIMPLIFY�THE�INTERFACES�OF�SEVERAL
ALGORITHMS���4HESE�MODIFICATIONS�MAKE�THE�34,�EASIER�TO�UNDERSTAND�

��� -OTIVATION

4HE�FIND�ALGORITHM�HAS�TWO�TEMPLATE�PARAMETERS�

template <class InputIterator, class T>
InputIterator find(InputIterator first, InputIterator last,
    const T& value);

)T�IS�HARD�TO�EXPLAIN�WHY�THIS�FUNCTION�TEMPLATE�HAS�TWO�PARAMETERS��ESPECIALLY�AS
THE�SECOND�ONE�IS�LIKELY�TO�BE�THE�ITERATORÖS�VALUE�TYPE�IN�ALMOST�ALL�CASES�

��� 0ROPOSAL

)�SUGGEST�TO�SIMPLIFY�THE�FIND�ALGORITHM�AND�ELIMINATE�THE�SECOND�TEMPLATE
PARAMETER�

template <class InputIterator>
InputIterator find(InputIterator first, InputIterator last,
    const typename iterator_traits<InputIterator>::value_type& value);

��� $ISCUSSION

���� &EWER�4EMPLATE�)NSTANCES

/NE�ADVANTAGE�IS�THAT�WE�ENABLE�CONVERSIONS�AND�THUS�REDUCE�THE�NUMBER�OF
TEMPLATE�INSTANCES��4HIS�WILL�HELP�TO�REDUCE�THE�FREQUENTLY�OBESERVED�CODE�BLOAT�

list<string>.friends;
list<string>::iterator iter1, iter2;
iter1 = find(friends.begin(), friends.end(), “Tom”);
string tom(“Tom”);
iter2 = find(friends.begin(), friends.end(), tom);

7ITH�THE�ORIGINAL�FIND�ALGORITHM��TWO�INSTANCES�OF�THE�FIND�ALGORITHM�WOULD�BE
CREATED�
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• ONE�FOR�string, WHICH�IS�list<string>ÖS�VALUE�TYPE,�AND
• ONE�FOR�char*.
7ITH�THE�NEW�FIND�ALGORITHM�ONLY�ONE�INSTANCE��THE�ONE�FOR�string, WOULD�BE
INSTANTIATED��4HE�USUAL�FUNCTION�OVERLOADING�WOULD�THEN�ALLOW�TO�CALL�THE�FIND
ALGORITHM�WITH�A�char*�ARGUMENT��BECAUSE�A�CONVERSION�FROM�char*��TO
list<string>::value_type IS�DEFINED�

���� "ETTER�%RROR�-ESSAGES

!NOTHER�BENEFIT�IS�THAT�WE�MAKE�LIFE�EASIER�FOR�USERS�WHO�MAKE�MISTAKES�LIKE�THIS�

map<string,long>.phoneDir;
map<string,long>::iterator tom;
tom = find(phoneDir.begin(), phoneDir.end(), “Tom”); 1

6IRTUALLY�EVERY�BEGINNER�MAKES�THIS�MISTAKE��(ERE�IS�A�TYPICAL�ERROR�MESSAGE�YOU
RECEIVE�IN�SUCH�A�CASE�

"/home/scratch/langer/stdlib/include/algorithm", line 81: error: no operator
          "!=" matches these operands
            operand types are: std::map<std::string, long,
                      std::less<std::string>, std::allocator>::value_type !=
                      char *const
      while (first != last && *first != value)
                                     ^
          detected during instantiation of
"std::rb_tree<std::map<std::string,
                    long, std::less<std::string>, std::allocator>::key_type,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::value_type,
                    std::select1st<std::map<std::string, long,
                    std::less<std::string>, std::allocator>::value_type,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::key_type>, std::map<std::string, long,
                    std::less<std::string>, std::allocator>::key_compare,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::allocator_type>::iterator
                    std::find(std::rb_tree<std::map<std::string, long,
                    std::less<std::string>, std::allocator>::key_type,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::value_type,
                    std::select1st<std::map<std::string, long,
                    std::less<std::string>, std::allocator>::value_type,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::key_type>, std::map<std::string, long,
                    std::less<std::string>, std::allocator>::key_compare,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::allocator_type>::iterator,
                    std::rb_tree<std::map<std::string, long,
                    std::less<std::string>, std::allocator>::key_type,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::value_type,
                    std::select1st<std::map<std::string, long,
                    std::less<std::string>, std::allocator>::value_type,
                    std::map<std::string, long, std::less<std::string>,

������������������������������������������������
��4HE�VALUE�TYPE�OF�A�map<string,long> �IS�A�pair<const string, long ����AND�NEVER�A�string AS
WAS�ASSUMED. �(ERE�THE�FIND�MEMBER�FUNCTION�OF�CLASS�MAP�WOULD�DO�THE�TRICK��tom =

phoneDir.find(“Tom”)
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                    std::allocator>::key_type>, std::map<std::string, long,
                    std::less<std::string>, std::allocator>::key_compare,
                    std::map<std::string, long, std::less<std::string>,
                    std::allocator>::allocator_type>::iterator, char *const
&)"

)�HAVENÖT�SEEN�ANY�PROGRAMMER�SO�FAR�WHO�IMMEDIATELY�RECOGNIZED�FROM�THIS
MESSAGE�INDICATING�A�PROBLEM�WITH�THE�INNARDS�OF�A�LIBRARY�HEADER�FILE�WHAT
MISTAKE��S	HE�HAD�MADE��7ITH�THE�SIMPLIFIED�INTERFACE�THE�ERROR�MESSAGE�WOULD�BE
MORE�DIRECTLY�RELATED�TO�THE�SOURCE�OF�THE�ERROR��BECAUSE�THE�VALUE�TYPE�WOULD�BE
ALREADY�DETERMINED�BY�THE�ITERATOR�TYPE��)�EXPECT�THE�ERROR�MESSAGE�TO�BE
SOMETHING�LIKE�THIS�

"find.C", line 62: error: no instance of function template "find" matches
          the argument list
            argument types are: (std::rb_tree<std::map<std::string, long,
                      std::less<std::string>, std::allocator>::key_type,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::value_type,
                      std::select1st<std::map<std::string, long,
                      std::less<std::string>, std::allocator>::value_type,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::key_type>, std::map<std::string, long,
                      std::less<std::string>, std::allocator>::key_compare,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::allocator_type>::iterator,
                      std::rb_tree<std::map<std::string, long,
                      std::less<std::string>, std::allocator>::key_type,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::value_type,
                      std::select1st<std::map<std::string, long,
                      std::less<std::string>, std::allocator>::value_type,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::key_type>, std::map<std::string, long,
                      std::less<std::string>, std::allocator>::key_compare,
                      std::map<std::string, long, std::less<std::string>,
                      std::allocator>::allocator_type>::iterator, char [4])
    iter1 = find(phoneDir.begin(), phoneDir.end(), "Tom");

���� 3IMPLICITY

4HE�SUGGESTED�SIMPLIFICATION�IS�TO�REMOVE�A�TEMPLATE�PARAMETER�FROM�THE�FIND
ALGORITHMÖS�INTERFACE���4HIS�DOES�NOT�MAKE�THE�FIND�ALGORITHM�EASIER�TO�USE�
BECAUSE�THE�VALUE�TYPE�IS�DEDUCED�FROM�THE��FUNCTION�ARGUMENTS�ANYWAY�
(OWEVER��THE�SIMPLIFIED�FIND�ALGORITHM�IS�EASIER�TO�EXPLAIN�AND�UNDERSTAND��4HERE
IS�NO�COMPELLING�REASON�)�KNOW�OF�FOR�HAVING�THE�VALUE�TYPE�AS�A�TEMPLATE
ARGUMENT��)T�ONLY�CONFUSES�PEOPLE�WHO�WANT�TO�LEARN�THE�34,�

3OME�PEOPLE�EXPRESSED�THEIR�CONCERN�BECAUSE�THIS�PROPOSAL�REMOVES�SOME
FUNCTIONALITY��AT�PRESENT��IF�YOU�SAY�find(first, last, value),�YOU�AREN�T
REQUIRING�THAT�*first�AND�value ACTUALLY�BE�THE�SAME�TYPE�BUT�ONLY�THAT�IT�IS
POSSIBLE�TO�COMPARE�*first�AND�value�FOR�EQUALITY��2EQUIRING�THAT�*first�AND
value�ACTUALLY�BE�THE�SAME�TYPE�IS�MUCH�STRICTER��(OWEVER��)�COULDNÖT�FIGURE�OUT�A
REAL�EXAMPLE�WHERE�THE��OLD��FLEXIBILITY�IS�REALLY�NEEDED�
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#ONSIDER�THE�FOLLOWING�EXAMPLE�

long A[100];
find(A, A+100, 7);

7ITH�THE�CURRENT�FIND�ALGORITHM��THE�COMPILER�DEDUCES�FROM�THE�FIRST�TWO
ARGUMENTS�THAT�THE�ITERATOR�TYPE�SHOULD�BE�A�POINTER��long*��AND�FROM�THE�LAST�ONE
THAT�VALUE�TYPE�SHOULD�BE�int��)T�INSTANTIATES�THE�ACCORDING�FIND�FUNCTION��4HEN
THE�BUILT
IN�CONVERSION�FROM�int�TO�long�WILL�APPLY�

7ITH�THE�PROPOSED�CHANGES�THIS�WOULD�STILL�BE�POSSIBLE�
 template<class InputIterator>
 InputIterator find(InputIterator first, InputIterator last,
    const iterator_traits<InputIterator>::value_type& val);

4HE�TYPE�OF�THE�THIRD�FUNCTION�ARGUMENT�IS�FIXED�AFTER�THE�ITERATOR�TYPE�WILL�HAVE
BEEN�DEDUCED�FROM�THE�FIRST�PARAMETERS���7HAT�EXACTLY�THE�RULES�FOR�THIS�KIND�OF
TYPE�DEDUCTION�ARE��IS�AN�OPEN�ISSUE�ON�*OHN�3PICER�S�LIST��3EE�SECTION���FOR�MORE
DETAILS�	�/NCE�THE�TYPE�OF�THE�THIRD�PARAMETER�WILL�BE�DETERMINED��TYPE�long�IN�THE
EXAMPLE	�THE�USUAL�FUNCTION�OVERLOADING�WILL�APPLY��SO�THAT�THE�CONVERSION�FROM
int�TO�long�WILL�HAPPEN��AS�IS�EXPECTED�

��� #AVEAT

4HE�PROPOSED�CHANGES�DEPEND�ON�THE�AVAILABILITY�OF�PARTIAL�SPECIALIZATION���4HIS�IS
BECAUSE�)�MADE�USE�OF�THE�ITERATOR�TRAITS��WHICH�REQUIRE�PARTIAL�SPECIALIZATION��!S�)
HAD�NO�ACCESS�TO�A�COMPILER�THAT�SUPPORTS�THIS�LANGUAGE�FEATURE��)�HAD�NO�CHANCE
TO�TEST�THE�PROPOSED�CHANGES�

!DDITIONALLY��THE�PROPOSED�CHANGES�DEPEND�ON�A�RESOLUTION�OF�ISSUE������IN
VERSION����OF�*OHN�3PICERÖS�TEMPLATE�PAPER�IN�THE�PRE�3TOCKHOLM�MAILING��4HE
OPEN�ISSUE�CONCERNS�DEDUCTION�OF�ONE�TEMPLATE�PARAMETER�FROM�ANOTHER�TEMPLATE
PARAMETER��#ONSIDER�FOR�INSTANCE�

template <class Iterator>
void algo(Iterator first, Iterator last,
          const iterator_traits<Iterator>::value_type& val);

• $OES�THE�DEDUCTION�OF�TYPE�Iterator�DETERMINE�THE�RELATED�TYPE
iterator_traits <Iterator>:: value_type?

• -OREOVER��WILL�FUNCTION�OVERLOADING�APPLY�TO�THE�RELATED�TYPE��)�E��IF�THERE�IS�A
TYPE�8�THAT�IS�CONVERTIBLE�TO�TYPE�iterator_traits <Iterator>::
value_type���CAN�)�CALL�algo(iter,x)�AND�EXPECT�THAT�THE�CONVERSION�FROM
TYPE�8�TO�TYPE�iterator_traits <Iterator>:: value_type WILL
HAPPEN�

"OTH�ISSUES�NEED�TO�BE�RESOLVED�IN�THE�WAY�SUGGESTED�ABOVE�
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&OR�THOSE�WHO�ARE�RELUCTANT�TO�CONSIDER�A�MODIFICATION�THAT�DEPENDS�ON�A
LANGUAGE�FEATURE�THAT�IS�NOT�YET�AVAILABLE�)�WOULD�LIKE�TO�POINT�OUT�THAT�THERE�IS�AN
EASY�WORK
AROUND��&OR�THE�TIME�BEING��LIBRARY�BUILDERS�CAN�BE�RETAINING�THE�OLD
INTERFACES�

��� 7ORKING�0APER�#HANGES

.ATURALLY��NOT�ONLY�THE�FIND�ALGORITHM�CAN�BE�SIMPLIFIED�AS�PROPOSED�ABOVE��(ERE
ARE�ALL�CHANGES�TO�CLAUSE����Ø!LGORITHMS�LIBRARYÙ�

)N�CLAUSE����;LIB�ALGORITHMS=�MAKE�THE�FOLLOWING�CHANGES�

namespace std {
  // subclause 25.1, non-modifying sequence operations:

template<class InputIterator>
    InputIterator find(InputIterator first, InputIterator last,
      const typename iterator_traits<InputIterator>::value_type& value);

template<class InputIterator>
    typename iterator_traits<InputIterator>::distance_type
      count(InputIterator first, InputIterator last,
      const typename iterator_traits<InputIterator>::value_type& value);

template<class InputIterator, class Predicate>
    typename iterator_traits<InputIterator>::distance_type
      count_if(InputIterator first, InputIterator last, Predicate pred);

template<class ForwardIterator >
    ForwardIterator  search_n(ForwardIterator first, ForwardIterator last,
      typename iterator_traits<ForwardIterator>::distance_type count,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class ForwardIterator, class BinaryPredicate>
    ForwardIterator1 search_n(ForwardIterator first, ForwardIterator last,
      typename iterator_traits<ForwardIterator>::distance_type count,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      BinaryPredicate pred);

  // subclause 25.2, modifying sequence operations:
template<class ForwardIterator>
    void replace(ForwardIterator first, ForwardIterator last,
       const typename iterator_traits<ForwardIterator>::value_type& old_value,
       const typename iterator_traits<ForwardIterator>::value_type& new_value);

template<class ForwardIterator, class Predicate>
    void replace_if(ForwardIterator first, ForwardIterator last,
      Predicate pred,
      const typename iterator_traits<Forwardterator>::value_type& new_value);

template<class InputIterator, class OutputIterator>
    OutputIterator replace_copy(InputIterator first, InputIterator last,
      OutputIterator result,
      const typename iterator_traits<InputIterator>::value_type& old_value,
      const typename iterator_traits<InputIterator>::value_type& new_value);

template<class Iterator, class OutputIterator, class Predicate>
    OutputIterator replace_copy_if(Iterator first, Iterator last,
      OutputIterator result, Predicate pred,
      const typename iterator_traits<InputIterator>::value_type& new_value);
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template<class ForwardIterator, class T>
    void fill(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class OutputIterator, class Generator>2

    void generate_n(OutputIterator first,
      typename iterator_traits<OutputIterator>::distance_type n,
      Generator gen);

template<class OutputIterator>3

    void fill_n(OutputIterator first,
      typename iterator_traits<OutputIterator>::distance_type n,
      const typename iterator_traits<OutputIterator>::value_type& value);

template<class ForwardIterator>
    ForwardIterator remove(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class InputIterator, class OutputIterator, class T>
    OutputIterator remove_copy(InputIterator first, InputIterator last,
      OutputIterator result,
      const typename iterator_traits<InputIterator>::value_type& value);

  // 25.3.3, binary search:
template<class ForwardIterator>
    ForwardIterator lower_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class ForwardIterator, class Compare>
    ForwardIterator lower_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

template<class ForwardIterator>
    ForwardIterator upper_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class ForwardIterator, class Compare>
    ForwardIterator upper_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

template<class ForwardIterator>
    pair<ForwardIterator, ForwardIterator>
      equal_range(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class ForwardIterator, class Compare>
    pair<ForwardIterator, ForwardIterator>
      equal_range(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

template<class ForwardIterator>
    bool binary_search(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

template<class ForwardIterator, class Compare>
    bool binary_search(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

������������������������������������������������
��4HIS�MODIFICATION�DEPENDS�ON�THE�FACT�THAT�OUTPUT�ITERATORS�HAVE�A�MEANINGFUL�DISTANCE�TYPE��WHICH�IS
PROPOSED�IN�8�*������
XXXX�7'���.�XXX�

��4HIS�MODIFICATION�DEPENDS�ON�THE�FACT�THAT�OUTPUT�ITERATORS�HAVE�A�MEANINGFUL�DISTANCE�TYPE��WHICH�IS
PROPOSED�IN�8�*������
XXXX�7'���.�XXX�
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#HANGE�CLAUSE��������;LIB�ALG�FIND=�
  template<class InputIterator>
    InputIterator find(InputIterator first, InputIterator last,
      const typename iterator_traits<InputIterator>::value_type& value);

2EQUIRES���4YPE�ITERATOR?TRAITS�)NPUT)TERATOR���VALUE?TYPE�IS
%QUALITY#OMPARABLE��?LIB�EQUALITYCOMPARABLE?	�

#HANGE�CLAUSE�������;LIB�ALG�COUNT=�
template<class InputIterator>
      typename iterator_traits<InputIterator>::distance_type
         count(InputIterator first, InputIterator last,
         const typename iterator_traits<InputIterator>::value_type& value);

template<class InputIterator, class Predicate>
      typename iterator_traits<InputIterator>::distance_type
        count_if(InputIterator first, InputIterator last, Predicate pred);

2EQUIRES���4YPE�ITERATOR?TRAIT�)NPUT)TERATOR���VALUE?TYPE�IS
%QUALITY#OMPARABLE��?LIB�EQUALITYCOMPARABLE?	��

#HANGE�CLAUSE�������;LIB�ALG�SEARCH=�
  template<class ForwardIterator>
    ForwardIterator
      search_n(ForwardIterator first, ForwardIterator last,
      typename iterator_traits<ForwardIterator>::distance_type count,
      const typename iterator_traits<ForwardIterator>::value_type& value);

  template<class ForwardIterator, class BinaryPredicate>
    ForwardIterator
      search_n(ForwardIterator first, ForwardIterator last,
      typename iterator_traits<ForwardIterator>::distance_type count,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      BinaryPredicate pred);

#HANGE�CLAUSE��������;LIB�ALG�REPLACE=�
template<class ForwardIterator>
    void replace(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& old_value,
      const typename iterator_traits<ForwardIterator>::value_type& new_value);

  template<class ForwardIterator, class Predicate>
    void replace_if(ForwardIterator first, ForwardIterator last,
      Predicate pred,
      const typename iterator_traits<ForwardIterator>::value_type& new_value);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS���!SSIGNABLE
�����	���AND���FOR����REPLACE�	���%QUALITY#OMPARABLE��?LIB�EQUALITYCOMPARABLE?	�

  template<class InputIterator, class OutputIterator>
    OutputIterator
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      replace_copy(InputIterator first, InputIterator last,
      OutputIterator result,
      const typename iterator_traits<InputIterator>::value_type& old_value,
      const typename iterator_traits<InputIterator>::value_type& new_value);

  template<class Iterator, class OutputIterator, class Predicate>
    OutputIterator
      replace_copy_if(Iterator first, Iterator last,
      OutputIterator result,
      Predicate pred,
      const typename iterator_traits<InputIterator>::value_type& new_value);

2EQUIRES���4YPE�ITERATOR?TRAITS�)NPUT)TERATOR���VALUE?TYPE�IS��!SSIGNABLE������	
�AND��FOR���REPLACE?COPY�	���%QUALITY#OMPARABLE���?LIB�EQUALITYCOMPARABLE?	���4HE
RANGES��;FIRST��LAST	�AND��;RESULT��RESULT��LAST
FIRST		�SHALL�NOT�OVERLAP�

#HANGE�CLAUSE�������;LIB�ALG�FILL=�
  template<class ForwardIterator>
    void fill(ForwardIterator first, ForwardIterator last,
    const typename iterator_traits<ForwardIterator>::value_type& value);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS��!SSIGNABLE
�����	���3IZE�IS�CONVERTIBLE��TO��AN�INTEGRAL�TYPE��?CONV�INTEGRAL?��?CLASS�CONV?	�
template<class OutputIterator>4

    void fill_n(OutputIterator first,
    typename iterator_traits<OutputIterator>::distance_type n,
    const typename iterator_traits<OutputIterator>::value_type& value);

#HANGE�CLAUSE��������;LIB�ALG�GENERATE=�
  template<class OutputIterator, class Generator>5

    void generate_n(OutputIterator first,
      typename iterator_traits<OutputIterator>::distance_type n,
      Generator gen);

#HANGE�CLAUSE��������;LIB�ALG�REMOVE=�
  template<class ForwardIterator>
    ForwardIterator remove(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS
%QUALITY#OMPARABLE��?LIB�EQUALITYCOMPARABLE?	�

  template<class InputIterator, class OutputIterator>
    OutputIterator

������������������������������������������������
��4HIS�MODIFICATION�DEPENDS�ON�THE�FACT�THAT�OUTPUT�ITERATORS�HAVE�A�MEANINGFUL�DISTANCE�TYPE��WHICH�IS
PROPOSED�IN�8�*������
XXXX�7'���.�XXX�

��4HIS�MODIFICATION�DEPENDS�ON�THE�FACT�THAT�OUTPUT�ITERATORS�HAVE�A�MEANINGFUL�DISTANCE�TYPE��WHICH�IS
PROPOSED�IN�8�*������
XXXX�7'���.�XXX�
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      remove_copy(InputIterator first, InputIterator last,
      OutputIterator result,
      const typename iterator_traits<InputIterator>::value_type& value);

2EQUIRES���4YPE�ITERATOR?TRAITS�)NPUT)TERATOR���VALUE?TYPE�IS
%QUALITY#OMPARABLE���?LIB�EQUALITYCOMPARABLE?	���4HE��RANGES���;FIRST��LAST	�AND
;RESULT��RESULT��LAST
FIRST		�SHALL��NOT�OVERLAP�

#HANGE�CLAUSE���������;LIB�LOWER�BOUND=�
  template<class ForwardIterator>
    ForwardIterator
      lower_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

  template<class ForwardIterator, class T, class Compare>
    ForwardIterator
      lower_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS
,ESS4HAN#OMPARABLE��?LIB�LESSTHANCOMPARABLE?	�

#HANGE�CLAUSE���������;LIB�UPPER�BOUND=�
  template<class ForwardIterator>
    ForwardIterator
      upper_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type & value);

  template<class ForwardIterator, class Compare>
    ForwardIterator
      upper_bound(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS
,ESS4HAN#OMPARABLE��?LIB�LESSTHANCOMPARABLE?	�

#HANGE�CLAUSE����������;LIB�EQUAL�RANGE=�
  template<class ForwardIterator>
    pair<ForwardIterator, ForwardIterator>
      equal_range(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

  template<class ForwardIterator, class Compare>
    pair<ForwardIterator, ForwardIterator>
      equal_range(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS
,ESS4HAN#OMPARABLE��?LIB�LESSTHANCOMPARABLE?	�
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#HANGE�CLAUSE����������;LIB�BINARY�SEARCH=�
  template<class ForwardIterator>
    bool binary_search(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value);

  template<class ForwardIterator, class Compare>
    bool binary_search(ForwardIterator first, ForwardIterator last,
      const typename iterator_traits<ForwardIterator>::value_type& value,
      Compare comp);

2EQUIRES���4YPE�ITERATOR?TRAITS�&ORWARD)TERATOR���VALUE?TYPE�IS
,ESS4HAN#OMPARABLE��?LIB�LESSTHANCOMPARABLE?	�

)N�CLAUSE����;LIB�ITERATORS=�MAKE�CHANGES�TO�advance�

#HANGE�THE�DESCRIPTION�OF�advance�IN�CLAUSE��������;LIB�ITERATOR�TAGS=�

  template <class InputIterator>
      void advance(InputIterator& i,
                   typename iterator_traits<InputIterator>::distance_type n); 6

#HANGE�THE�DESCRIPTION�OF�advance�IN�CLAUSE��������;LIB�ITERATOR�OPERATIONS=�
  template <class InputIterator>
    void advance(InputIterator& i,
                 typename iterator_traits<InputIterator>::distance_type n);

������������������������������������������������
��)�ELIMINATED�THE�SECOND�TEMPLATE�PARAMETER��THE�DISTANCE�TYPE��AND�CHOSE�TO�DEDUCE�IT�FROM�THE�ITERATOR�TYPE�
3HOULD�THIS�BE�THOUGHT�TOO�RESTRICTIVE��ONE�CAN�RETAIN�THE�SECOND�TEMPLATE�PARAMETER��(EREÖS�THE�ORIGINAL
INTERFACE�

    template <class InputIterator, class Distance>
      void advance(InputIterator& i, Distance n);


