
Ï 17 aýãø��P0 (×)��+ýãø��P0 (Standard Template Library)��Ì STL� C++ èº�Xb
C++ �P'�õÝ×Í��Î�¿ð¿à C++ ã¶�PÝßA�^b.½¸à STLyÍX'�Ý�P��µA! 21 tSÝÿº)J½FÙÝä�� ¼Æ�×����¼1�C++ XèºÝ STL ÎÞ&9ðàÝ£℄�x�ø��P/�W×Í℄-¸àÝ�P0�ãy¸à℄P8	Ý���!`êÌb8	Ý�àP��ÍÑP�Ǒá
C++ Ýýã�P0¡�µñÇÂ½2&9�P'�õ¸à�¯�î�ãy STL 8	åÕ&9�P'�õÝK��2à�A*Æb�KÝh¼�Þ+Û STL Ý¸à℄°CÍ8nÝTà�3Íh���ïÞ|°aÝS»¼+Û STL ð�Ýà°�Ía�ÞDÄ×Í���PP»E STL Ý+°®×J�PÝà��3�¡Ýëa�&ÆÞ|´�ÞÝ℄P1��
17.1 ýãø��P0P»
C++ XèºÝýãø��P0��3¸àî���| 5|ì¿Ívl�� 
(container)��� (iterator)� ½l�Õ�P (generic algorithm)��PÎ�v½
(functor class)���Ý+ÛAì�

• � Î×Ë¿à©�£℄Dã^×'��WÝø�£℄l½�
• �� ×Ëv«¼ýÝ£℄l½�ÍÎ��|à¼ #2Dã3� /Ý£℄�
• ½l�Õ�P ø��P�hË�PDÄ�� Dã� /Ý£℄¼¾WÍ���
• �PÎ�v½ ×Ëv½/b«µ5�PºÕ�6�Ç

operator()�
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Ï 17 a ýãø��P0 (×)��+tÝ|î¿Íx�vl�²�STL$b×°´g�Ý�;lP�9Þº�|¡+Û�|ì&Æ¿à×Í��Ý�P¼1�9°ÍvlÝá)¸à℄P�\ï�|õ`bHÝ��PD�ÞÝº®^×�©6�¯-IX¸àÝ STL �PDøP��y�PDÝ1��Þº3|¡Ý&�;��Ǒ|+Û�39ÍP»��&Æ´�®ß×Í�|;D 20 Í-�Ý'�p�� (vector

container)��×Í�|Dãh'�p�£℄Ý�� �Q¡ÞóC 1 Õ 20 DÄ�� ××Dá'�p�/�#ì¼µAóCÍ�óÝ���ã�Õ�Þ� /Ý£℄¥±4��t¡¿à×Í��Ý½l�PÞh'�p�Ý£℄���
stl_example.cc

#include <iostream>

#include <vector> // ¸à'�p�� ��� 
#include <algorithm> // ¸à4��Õ�P
using namespace std ;

// (4) �L×�PÎ�v½ : à|f´Ë�£℄ÝÍ�óC��
template <class T>

struct Remainder {
bool operator() ( const T& a , const T& b ) const {

return a%10 > b%10 ;

}
} ;

// (5) ��� 
template <class T>

void print_container( const T& a , const T& b , char *sep ) {
for ( T itr = a ; itr != b ; ++itr ) cout << *itr << sep ;

}

int main() {

// (1) �L×Í�|;D 20 ÍJóÝ'�p�� 
vector<int> foo(20) ;

// (2) �L×ÍjEJó'�p�Ý�� Î�
vector<int>::iterator itr ;

// ¿à�� Î�ÞJó 1 Õ 20 ××ÝDáh'�p��
int no = 1 ;

for ( itr = foo.begin() ; itr != foo.end() ; ++itr )

*itr = no++ ;

// (3) ¿à4��Õ�PÞ'�p�-�µÍ�óÝ��
// ã���¥®4�
sort( foo.begin() , foo.end() , Remainder<int>() ) ;
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17.2 � 
// (5) ¿à�PÞ'�p����v-�� |×èç5�
print_container( foo.begin() , foo.end() , " " ) ;

cout << endl ;

return 0 ;

}�PJºµÍ�óCÝ���ã�Õ���
19 9 8 18 7 17 6 16 5 15 4 14 3 13 2 12 11 1 10 209�Ý (1) ��� �(2) �� �(3) 4�½l�Õ�P� (4) �PÎ�v½�(5) ��Ýø��P�&ÆÞ3|ìÝ&�;�Ǒ|1�hP»X¸àÕÝ

STL +°CÍ®à�
17.2 � 3 STL ��� (container) Îà×Ë¿à©�Ý£℄�xX'��WÝø�v½��!àHÝø�v½&�èºÝ&9℄-Ý�P�|à¼Dãv½/Ý£℄�¸ÿ&9ðàÝ�v�ÓÝ£℄�x3¸àî�ÿ8	�-���� �n�� 3 STL �À�èºÝËËvlÝ� �×��� (sequence container)�¨×Ën�� (associative container)�3��� ��£℄Î|��℄P (squential) ;D�£℄3B7è Ý;D℄P�|ÎåÏÝTïÎ5÷Ý�9vÝ� �â'�p� (vector)���p� (deque)���� (list)���� Ý-�£℄Â�ÍX;DÝ�H¬^b�¢n���µÎ1���� /Ý-���Ñ;D�H¢�Í£℄K�|�`Ǒ|?��^b�¢§×�8DÝ�3n�� /Ý-��-�Ý;D�H�Í£℄ÂÎbXn�Ý�£℄�Hw3WÏ�x629 (tree structure) Ý;F/�	£℄6�DáWÏ�xTïÎãWÏ�xã�`�K6�µgf´3;F (node)/£℄Ýn�Â (key)���0�£℄3WÏ�xÝDw2F�ãyn�� Ý-�KÎBÄ£℄f´�0ÕÊ	Ý�H¡�Dá� /�9øÝ£℄Dã^×�|;6£℄Ý¨´` �9E�§�l£℄0��Î8	¥�Ý�n�P� b/) (set)��/) (multiset) �Ì (map) ��Ì (multimap) �°Ë� �Ía©b¯���� Ý��¸à℄°��ÞÝà°J6¢�ì×aÝ/�1���n�� Ý¸àJÞº�ÏèÜa�Ǒ|1��3�P/¸à�!Ý� 6�ǑáÍ½Ýý�j��} 17.1 /b&� X6¸àÝý�j�ãy&� /I£℄�x'�Ý�!�NË� KbÍt·¸àf��bA�!ËvÝ_��º.'�Ý�!�b�×øÝt·ûù�(�Ü»¼1�'�p�
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Ï 17 a ýãø��P0 (×)��+(Ì � ý�j'�p� vector #include <vector>��p� deque #include <deque>�� list #include <list>/)��/) set�multiset #include <set>Ì ��Ì map�multimap #include <map>�} 17.1: £℄� �Í¸àÝý�j
(vector) Î STL èºÝXb� �tð�¸àÝ� �Íx�©FÎp����|3Æ�Ä���½mO���J����6�¸àïÝ+á�¸àïDÄ��Ý�PÆ�µ�|D|2Þ-�ǑÕp�Ï��TïÎÞÏ�Ý-�Ét�9Ë��PÝp�^bFÙp�.ü���XCWÝËË�-þF�¬Q)1b�FÙp�8	ÝÆ�[£���p� (deque) Ý¸à℄P¿{�'�p�8!�¬Í-��|ãp�ÝG¡Ë�ǑáTïÎÉt� �� (list) ÏëË��� ���×Ë¿àÔd;£℄�x590 (doubly linked list) X'��WÝ� �Í©FÎ£℄�|à�V��Ý` æáÕ�����TïÎã���Ét�vector � deque Ë� Ý£℄;DÎåÏÝÛ1�� list Ý£℄QÎ5÷;DÝ�h²�ÂL¼1�FÙÝp�� C++C� (string) .�Î|åÏÝ℄P;D-�£℄�.h��|�Ú×Ë��� �� Ý¸à
STL X�LÝ� KÎø�v½� �P'�õ�|íáX�Ýl½ø�¢ó¼'�� �X��§Ý£℄l½�»A�|ìà�!Ý'�℄P¼�L'�p�����

vector<int> a(10) ; // �|;DèÍJóÝ'�p�
vector<char> b(20,’m’) ; // �DÞèÍC-�NÍC-Ý�ÂC- m

deque<double> c(5) ; // �D"ÍÔÞ���FóÝ��p��!Ý� b½�!�Â'�℄P¼®ßÎ��¬�b×°8«Ý'�℄P�h²N×Ë� KbÍ©�Ý¸à℄P�|'�p�»�Í¸à℄PtÝ�FÙp�Ý¸à℄P8	�²�� �¨²�LÝ×°©�ÝWõ�P|º¸à�»A�
// ×Í'�p� ^b�¢-�
vector<int> foo ;Û13 deque p���-�ÝËÑ;D℄P¬�Î��åÏ�¬¸àîQ�|Þ�:WÎ8ÏÝ
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17.2 � Wõ�P �� vector deque list

push_back ãÏ�Ǒá-� √ √ √

pop_back ãÏ��t-� √ √ √

push_front ãG�Ǒá-� × √ √

pop_front ãG��t-� × √ √

front ã:T?;tG�-� √ √ √

back ã:T?;tÏ�-� √ √ √

size -�Íó √ √ √

operator[] ìýºÕ� √ √ ×�} 17.2: ��� �|¸àÝWõ�P�√ ���¸à�× ����¸à
// =�ègÞJó 5 Ǒá'�p�ÝÏ�
for ( int i = 0 ; i < 10 ; ++i ) foo.push_back(5) ;

// ��h'�p�
for ( int i = 0 ; i < foo.size() ; ++i ) cout << foo[i] << ’ ’ ;9�Ý size() Wõ�P/F'�p�-�ÝÍó�� push_back(5) Wõ�PÝ®àÎÞJó 5 ãÏ�Ǒá'�p��!`p�Ý��µº���Ǒ×Í�E'�p����£℄�|à push_back �PãÏ�ǑáTÎà pop_back �PÞ£℄ãÏ�Ét�9ËÍ�P�!`�|à3�� (deque) ��� (list) � î�th�²�¡Ëï��|à push_front �PÞ-�ã� ÝG�ǑáTï¸à pop_front �PÞG�-�Ét�Q�hËÍWõ�PQ��ày'�p�� �»A�|ìÞóC

1 Õ 5 ã��p�ÝG�µgǑá�Q¡�××���ãy±Ý-�NgÎãG�Ǒá�.hÍ���� 5 4 3 2 1�
deque<int> foo ;

for ( int i = 1 ; i <= 5 ; ++i ) foo.push_front(i) ;

for ( int i = 0 ; i < foo.size() ; ++i ) cout << foo[i] << ’ ’ ;

cout << foo.front() << endl ; // ��Ï×Í-�
cout << foo.back() << endl ; // ��t¡×Í-�9ëÍ��� /�|à front() Wõ�PãÿÏ×Í-��back() Wõ�Pãÿt¡×Í-��℄-f´R��&ÆÞ×°ðàÝ��� Wõ�Pà×Í���î�A�}

17.2�û�/Ý √ �r���|¸à��× ����¸à�Ü»¼1�|ì�PÝ��Î��ãÏ�Dá 3 � 8��ãG�Xá 5 � 7��¡5½ã¡��G�&ã�×Í-��t¡�ÞtG�Ý-�; 9�Aht¡��ÝtG�-� 9�Ï�-� 3�v��©bËÍ-��
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Ï 17 a ýãø��P0 (×)��+
list<int> foo ;

foo.push_back(3) ; foo.push_back(8) ; // Ï�µgǑá 3 � 8

foo.push_front(5) ; foo.push_front(7) ; // G�µgǑá 5 � 7

foo.pop_front() ; foo.pop_back() ; // �tG¡�-�
foo.front() = 9 ; // ÞG�-�; 9

cout << foo.front() << ’ ’ << foo.back() << ’ ’ << foo.size() ;|îÝ�PuÎ;¸à��� )QÎÑ�Ý�¬ÎuÎ;à'�p��J.¸àÝ pop_front � push_front Ýn;�P°Æ��\ï�º��pop_back �
pop_front ËWõ�P©Î�ö2�t-��¬Þ� Ý-�Íó3×�¬P°ÿáX�tÝ-�£℄�u�ÌD� ÝG¡�-�ÝóÂ�J�¸à front � back ËWõ�P��×�ÝÎ�×ø�XbÝ� Î�3Ò�ÝÍD3Ýr½43¡µº��Æ�� Ý�x�P�Ǒ´�¬�6�¸àï®Ü²Ý�§�bny&Ë� Ý¸à-½�Þº�ìËa��|�Þ+Û�
17.3 �� Ý\ãTÎ;D-�Õ� /�STL©½'�Ý×Ëv«¼ýÝ�� (iterator)�| #2Dã� /Ý£℄�4Qb°� �»A�'�p����p���|¿àìýºÕ��Ç operator[]�¼DãÍ/Ý-��¬Î��5Ý�¬�ÎXbÝ� K�¸àìýºÕ��Ü»¼1�A�� /-� Ý;D℄P¬�ÎåÏ3×R��Î5÷Ý�J¿àìýºÕ�¼Dã-�µº�¨®Þ�.hÝÙ×Dã� -�℄P� STL ©½'�Ý×Ë£℄l½�Ç�� (iterator)�Ý�à¼Dãy�!� /Ý-�£℄�¼ý��� ãy�� Ýº®℄P�FÙ¼ýv«�Ý℄-EïR��9��¼::|FÙ¼ý℄P¼®ß 10 Í+y 0 Õ 99 � ÝBó�¬ÞÍDá×p��Ý»��

int foo[10] ; // �;D 10 Í-�ÝJóp�
int *start = foo ; // start ¼ÕÏ×Í-��Ç foo[0]

int *end = foo+10 ; // end ¼ÕÏèÍ-�¡Ýì×ÍJó�ë
int *ptr ; // ptr Jó¼ý
for ( ptr = start ; ptr != end ; ++ptr ) *ptr = rand() % 100 ;3�PD��&Æ��LËÍ¼ý�start � end�5½¼Õp� foo ÝÏ×Í�ë�Ï�-�¡Ýì×Í�ë�9�¼ý end ¬^b¼'�¢p�-��¼ý�p�
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17.3 �� Ýn;�àì%�î�ìý
foo¼ý 0 1 2 3 4 5 6 7 8 9

6 6
start end3℄º��&Æ¿à ptr ¼ý�ãR�¼ýR�ptr = start� #2ÞBó××ÝDáp� foo ���h℄ºÞ¥�Æ�Õ ptr ¼ý� end ¼ý¼Õ!øÝ�ë¡®Ò℄º�3hP»��for ℄º/Ý¾\B��ptr != end Î�G´K¸àÝ℄P�¼ý end ¬&¼'p�ÝÏ�-���ÎÍ¡×ÍJóè Ý�ë����Ý�h�ëÆB�3p�P�/�	¼ý ptr �¼ý end 8�`�Ç�� ptr ÆB¼Òp� foo ÝP�Ý�.h�®Ò℄º�9�6º�×F�h`¼ý ptr X¼Ý�ë¬�òyp�XªbÝB7è ��b��ÎÍ¸�PX¸àÝB7è �A�&Æ�DÄ ptr ¼ý;D£℄Õh�ëî�JºCWÆ�îÝý0�u2à�î�Ý¼ýº®Ý℄P�¬;à�� ¼¼'� -��J�P�;�

vector<int> foo(10) ; // �;D 10 ÍJóÝ'�p�
vector<int>::iterator iter ; // ¼'Jó'�p�-�Ý�� 
for ( iter = foo.begin() ; iter != foo.end() ; ++iter )

*iter = rand() % 100 ;3�PD��vector<int>::iterator �L3'�� vector<int> 2� /Ý�� £℄l½�&Æ�|à¸¼�LÎ� iter�hÎ��|Ú vector<int> ÝÝò¼ý��µÎÝ�à¼¼' vector<int> /Ý-��3�9ËÝ�µì�&ÆBðº¿à�� ¼'� /Ý´�-��Q¡µgG
àÕ�� ¼'Ï�-�¡Ý×Í�ëâ�.h3NÍ STL Ý� ��KbËÍ�P�|5½/F� /´�-�Ý�ë�Ï�-�¡×Í�ë�Ç begin() � end()�Í®à��GÝ start� end FÙ¼ý8	�.hËÍ�PÝ¸à℄P8«�9�Ý� ��� �àì%�î�ìý
foo�� 0 1 2 3 4 5 6 7 8 9

6 6
foo.begin() foo.end()ã%Xî�begin() X¼Ý�ëÎ3� /�� end() X¼Ý�ëQ�3� /�
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Ï 17 a ýãø��P0 (×)��+�� vl àH��|Æ�ÝºÕ�
input iterator ©�|à¼ãÿ£℄��� G�|�'×M×M℄P'GÉ�íá�� x = *i , ++i , i++

output iterator ©�|à¼Dá£℄��� É�℄PAîí��� *i = x , ++i , i++

forward iterator �|à¼ãÿT;D£℄��� É�℄PAî'G�� *i = x , x = *i , ++i , i++

bidirectional iterator �à¼ãÿT;D£℄�¬�� �|?G¡℄×MM℄PÉ�Ô'�� *i = x , x = *i , ++i , i++ , --i , i--

random-access iterator �à¼ãÿT;D£℄�v�� �|�ã®�ÕÍ¸�ë��Dã�� *i = x , x = *i , ++i , i++ , --i , i-- , i

+ n , i - n , i += n , i -= n , i < j , i

<= j , i > j , i >= j�} 17.3: �� vl�ÍàH"Ë�� vl
STL 3NÍ� /Kb�LÍÝòÝ�� �uµ�� �� 5��� v½À�b"Ëvl�A�} 17.3�3h�� i�j !vlÝ�� �x £℄óÂ� nÉ�Ý£℄ûÒ�XbÝ�� K�|Æ�¼��®�»A�i = j�tÝí��� ²�Xb�� K�|Æ� i == j�i != j ËÍ�ì¾\�®�XbÝ� KbÍ}©Ý£℄Ñ§^×�.h8EÝ�bÍÊàÝ�� vl�»A�'�p����p��|¸à��DãvlÝ�� �¬��� (� )/)�
(�)Ì �� ©�¸àÔ'�� vl��!Ý�� vl�ÍX�Æ�Ý����¼8!�»A�Ô'�� (bidirectional iterator) ©�?GT?¡×M×MÉ��¬��Dã�� (random-access iterator) J�|¿àǑ3°ºÕ��ñÇÞ�� Ý¼'É�ÕÍ¸�ë�Ah×¼�A�3ØÍ½l�P/¸à��Dã�� ¼Dã� /Ý£℄�Jµ�îh½l�P¬��ãà;D3���/)�� /Ý-��9��î�½l�P��Êày���/)�� �×�¼1��� Ýà°�FÙÝ¼ý8	�4Q3�®îQ���×ø�»A
operator++ 3�� Ý®àÎ¯�� Î�¼Õ� ì×Í-�Ý�ë�9Í-����G×Í-�¬�8Ï�¬A�ÎFÙ¼ý�J operator++ Î¼Õì×Í8ÏÝ�ë�|ì&Æ¿à�� Þ foo � ÝXb-����

vector<int>::iterator iter ;

for ( iter = foo.begin() ; iter != foo.end() ; ++iter )
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17.3 �� 
cout << ’>’ << *iter << ’ ’ ;|î foo ×'�p����|¸àìýºÕ��operator[]�¼ãÿ&ìýÝ-�£℄�»A�

for ( int i = 0 ; i < foo.size() ; ++i )

cout << ’>’ << foo[i] << ’ ’ ;¬9øÝà°Q�Êày��� �x�æ.3��� v¬P�LìýWõ�P�Q�uÎ¸à�� Ý℄P�JëË��� K�ÊàÝ�»A�
list<int> foo ; // �L×��Î�
...

list<int>::iterator iter ;

for ( iter = foo.begin() ; iter != foo.end() ; ++iter )

cout << ’>’ << *iter << ’ ’ ;¬A�Î¸àìýºÕ�JG�à3'�TïÎ��� î�.hìýºÕ�3¸àîÎåÕ§×�\ï6º��u iter ¼'Ø� Ý�� �J ++iter � iter = iter + 1 ËïÝº®℄PÎbX-½Ý�Gï¯�� É'� Ýì×Í-��ë�¡ïJ¯�� ®Õì×ÍåÏ-�Ý�ë�¸à¡ïÝGÞÎ�� X¼'Ý� Í-� åÏ3×R�9ÍGÞE��TÎ/)� ��ÎP°��Ý�.hu℄º/ÝL�℄P;¶W|ìlP�
for ( iter = foo.begin() ; iter != foo.end() ; iter = iter + 1 )

cout << ’>’ << *iter << ’ ’ ;J9×��Ý;�ÆP��4t* foo ��� Ý��P�'�� P�3 STL ��u�&�×ð� -�ÝP� (range)�6�DÄËÍ�� Î�ÝÜ��Ï×Í�� ¼'R��ë��ÏÞÍ�� ¼½Ï�-�Ýì×Í�ë��ÎÏ�-�Ý�ë�9ø'�Ý?�ÎE'�TïÎ��p����3P�/-�ÝÍóâ?ÎËï�-Â�»A�|ìËÍ�� start � end X'�ÝP�bYÅÝ-��E-�åÏÝ� ���ÍÍóâ? end - start Ý-Â�A�àó.�r�î�8	y [start,end)��µÎP��â start X¼Ý-�¬��â endX¼Ý-��A�ËÍ�� 8!Ý��J��P�/Ý-�Íóë��º��u� /Ý-�Î|5÷Ý℄P;D�»A���� �XbÝn�� �J end �
start Ý-Âµ����P�/-�ÝÍó�
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Ï 17 a ýãø��P0 (×)��+ìý
foo�� 0 1 2 3 4 5 6 7 8 9

6 6
start end3¸àî�&Æ;ðºà℄º¼���§3P�/Ý£℄�

int n ;

list<int> foo ; // ®ß×��Î�
for ( n = 1 ; n < 10 ; ++n ) // ;D 1 Õ 9

foo.push_back(n) ;

list<int>::iterator i ; // �Lõ`�� 
list<int>::iterator start = foo.begin() ; // '�P� [start,end)

list<int>::iterator end = foo.end() ;

for ( i = start ; i != end ; ++i ) // ��
cout << *i << ’ ’ ;	�� Î��	W¢óFá�P�`���|¸àðóÝ℄PFá�9`µ6�¸àðó�� �ðó�� Î�6ãðólVÝ�� v½®ß�9°ðó�� v½Ý(Ì�æ¼Ý(ÌGb const Ý-½�»A�

vector<int>::const_iterator i1 ;

deque<char>::const_iterator i2 ;

list<float>::const_iterator i3 ;9vÝðó�� �ðàÝðó¼ýÝ®à8!�K��;�¼'Ý£℄Â�¬Î�|;��� X¼Ý�ë�»A�
const vector<int> foo(5,3) ; // ;D 5 Í 3 Ý'�p�
vector<int>::const_iterator i ; // ðó�� 
for ( i = foo.begin() ; i != foo.end() ; ++i ) // ��Xb-�

cout << *i << ’ ’ ;|îu�¸àðólÝ�� �JºCW_Ëý0� STL X�LÝ�� �ÎÎ�Ý×Ë�.h	Ò�ÝÍX3Ýr½¡��� Î��º��Æ�Í�x�P�Ǒ´���� £℄
STL 3&Í� /Kb�LÍÝòÝ�� �|ìP»¿à9ÍP²'�×ø��P¼��� /ÝXb-�£℄�

template <class T>

void print_container( const T& foo ) {
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17.4 ½l�Õ�P
typename T::const_iterator iter ;

for ( iter = foo.begin() ; iter != foo.end() ; ++iter )

cout << *iter << ’ ’ ;

}
...

vector<int> foo ; // Jó'�p�� 
list<char> bar ; // C-��� 
...

print_container( foo ) ; // �� foo '��ø�¢ó T  vector<int>

print_container( bar ) ; // �� bar ���ø�¢ó T  list<char>Ah��ÑÎø×Ë� K�|à!øÝ℄P���\ï6º��3�L iter `�&Æ6�3B��GǑî×1ºC typename�à|�îÍ¡Ý T::const_iteratorÎ×Ë£℄l½�� iter h£℄l½Ý×ÍÎ��A�39�Ý½l¢ó T �G�Ǒá typename�»A���ºÂÕ|ìÝ�µsß�
template <class T>

void foo( const T& bar ) {
T::bar * ptr ; // +°�z
...

}|îÝB��_Ë ��ÞÍÚ T::bar Î�� ptr Î�Ý¶�TïÎ ptr �L3 T v½ (TÎ(Ìè ) Ý bar £℄l½/Ý¼ý�¸ÿ_Ë P°ã9�®ßý0�A�3(Ì�GǑî typename J��×á_Ë typename �¡Ý(Ì£℄l½(Ì (type name)�
typename T::bar * ptr ; // ptr ¼' T::bar £℄l½Ý¼ý

17.4 ½l�Õ�P
STL /�LÝ½l�Õ�P (generic algorithm) Î¼½�PÝÆ��¸àÝ£℄l½Pn�ãÏè°aX��á9	Q�ø��PbX8n�¯�î�3 STL /�LÝXb½l�Õ�PKÎ��3ø��PÝ���î�.h&ÆÞãø��P¼1�Í¸à℄P�ø��PÝ¯�PD�|E�!� K�èº!øÝ���C++ ©½¿àø��P¼¾Õ9ÍêÝ�Ü»¼1�&Æ�'�×Íø��P¼��×� 3ØÍP�/Ý£℄�

template <class T>

void print_items( T start , T end ) {
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for ( T iter = start ; iter != end ; ++iter )

cout << *iter << ’ ’ ;

}�¸àÝ�PD�
vector<int> a(10,3) ; // ;D 10 Í 3 Ý'�p�
vector<int>::iterator itr1 , itr2 ; // �L vector Ý�� Î�
... // '� a, itr1, itr2 ÝÂ
print_items( itr1 , itr2 ) ;3h�P��l½ø�¢ó T  vector<int>::iterator��PDX��ÝP�Îã iter1 X¼Ý�ë��×àÕ iter2 ÝG×Í�ë��P¬^b'�¸àÝl½�.h��|��;DyÍ¸� ØP�/Ý-��»A�
deque<int> b(10) ; // 6�Ǒá deque ý�j
deque<int>::iterator itr3 , itr4 ; // �L deque Ý�� Î�
... // '� b, itr3, itr4 ÝÂ
print_items( itr3 , itr4 ) ;TïÎ��v½�
list<int> c ; // 6�Ǒá list ý�j
list<int>::iterator itr5 , itr6 ; // �L list Ý�� Î�
... // '� c, itr5, itr6 ÝÂ
print_items( itr5 , itr6 ) ;ãh�á�DÄ�� �½l�Õ�PÝ�)�!øÝ�P�|E�!Ý� Æ�8!Ý�®�¸ÿ×Íû;Ý�PÌbûÅÝ (generic) ÊàP�½l�Õ�P3 C++ Ý STL /�LÝ&9½l�Õ�Pà¼�§&Ë�!Ý�Õ®Þ��I	Ý½l�PÎ�L3 algorithmÝý�j/�¸à`6�Þhý�jǑá�3P»��&Æ¸àÝ4�½l�Õ�P sort à¼E� Î�ÝØ×ðP�®4�Ý�®�»A�|ì©Eã foo[3] ��Ý"Í-�®ã�Õ�Ý4��®�
vector<int> foo(10) ; // 10 Í'�p�
for ( int i = 0 ; i < 10 ; ++i ) // Dá 10 ÍBó

foo[i] = rand() ;

sort( foo.begin()+3 , foo.begin()+8 ) ; // ¥4 foo[3]..foo[7]!øÝ�&Æ�|¿àã��P replace E� Î�/ÝØÍP�®-�ã�Ý�®�»A�|ìÝ�P�´��L×Íâb 5 Í ’a’ C-Ý��p��#ì¼&ÆÞ [foo.begin()+3,foo.end())P�/Ý-�ãC- ’a’ ã� ’b’�
deque<char> foo(5,’a’) ; // foo = a a a a a

replace( foo.begin()+3 , foo.end() , // foo = a a a b b
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’a’ , ’b’ ) ;FÙp�� C++ C���|à3 STL X�LÝ½l�Õ�P���¸à℄P��Gv«�»A�

int a[5] = { 3 , 8 , 6 , 2 , 1 } ; // a = 3 8 6 2 1

sort( a , a+5 ) ; // a = 1 2 3 6 8

int b[5] = { 2 , 2 , 2 , 2 , 2 } ; // b = 2 2 2 2 2

replace( b+1 , b+4 , 2 , 8 ) ; // b = 2 8 8 8 2

char c[11] = "2000/01/01" ; // c = 2001/01/01

replace( c , c+11 , ’/’ , ’-’ ) ; // c = 2001-01-01

string d = "aaaaa" ; // d = aaaaa

replace( d.begin()+3 , d.end() , ’a’ , ’b’ ) ; // d = aaabb|îP»1�ÝXÛÝ½l�Õ�P (generic algorithm) (ÌÝ�¤�ÇÎ�P/Ý�PD�X�§Ý£℄l½Pn��¾W9ÍêýÝx��ÌµÎ�� �4Q STL Ý½l�Õ�P3'�îÆ¼��ÊÕ#ûXb�!� �¬)b×°½l�Õ�Pãy�PX¸à�Õ°J (algorithm) Ý§×¬P°ÊàÕXbÝ� î�»A�9�X¸àÝ sort �P¬P°E��� (list) 4��A��0´ØÍ-�ÎÍ3ØP�/`��|à¨´�Õ�P find�¸àï�|'�3� ÝØÍP�/0´-��u0Õ�J/F×¼'-�Ý�� �uP�J/F��P�/ÝÏ��� �»A�
vector<int> foo ;

vector<int>::iterator iter ;

foo.push_back(7) ; foo.push_back(8) ; foo.push_back(2) ;

foo.push_back(9) ; foo.push_back(1) ; foo.push_back(3) ;

if ( find( foo.begin() , foo.end() , 3 ) == foo.end() )

cout << "3 is not found" << endl ;

else

cout << "3 is found" << endl ;

find ¨´�Õ�PÝ�PD�ÍlPAì�
template <class InputIter�class T>

InputIter find( InputIter start , InputIter end , const T& val ) {
while ( start != end && *start != val ) ++start ;

return start ;

}�Íî�¨´�Õ�PGÎ3P�/×Í#½×Í-��f´�v©6¸àÕt��Ýíá�� �.h find ¨´�P�|ày¨´ STL èºÝXb� £℄�
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17.5 �PÎ�v½�PÎ�v½ (functor class) ×v½ (class) TïÎ�x (struct)�3Ív½T�x/b�L�PWõ�P (function call operator)��µÎ operator()�hv½T�x/�|�6�b�¢Í¸£℄WõTïÎWõ�P�4Q�PÎ�v½Ý�LAh���¬�{�²ÝÎÍTàQÎ8	ÝÂ½��L�PÎ�v½�3v½TïÎ�x£℄l½/«µ�PºÕ��operator()��|¸à|ì℄P�

template <class T>

struct Small {
bool operator() ( const T& a , const T& b ) const {

return a < b ;

}
} ;9� Small �xÎà¼f´íá�PºÕ�ÝÏ×Í¢óÂÎÍfÏÞÍ¢óÂ��A�Î�J/FË�ÍJ/F�Â��PºÕ���ÿ6�ËÍ¢ó���|¸à×Í¢óÇ��»A�
// ¿℄�PÎ�v½ : �Õ T l½Î�Ý¿℄
template <class T>

class Square {
T operator() ( const T& a ) const { return a * a ; }

} ;

// ñ℄�PÎ�v½ : �Õ T l½Î�Ýñ℄
template <class T>

struct Cubic {
T operator() ( const T& a ) const { return a * a * a ; }

} ;9°�PÎ�v½/©Î�öÝ«µ operator()�¬^b�L�¢Ý£℄Wõ�ãyhËv½�9�6�Í¸ÝWõ�P�u�®ß×Í�PÎ�v½Î��|¸à�
Square<int> foo ; // ¸ànà�x�P¼®ß×ÍÎ�
cout << foo(2) << endl ; // foo Î�Æ�ñ§�P|î�PD�Ý foo(2) ¯�î foo.operator()(2)Ý�¶�&ÆÞ�PÎ�v½

(functor class) X®ßÝÎ�Ì�PÎ� (function object Tï functor)�uÎ�(Ì�Î�¥��J��|àì�℄P¼¾Õ!øÝêÝ�Ah�|6�×ÍÎ�(Ì�»A�
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cout << Square<int>()(3) << endl ; // ¸ànà�x�P¡Æ�ñ§Wõ�P9�Ý Square<int>()¸à Square<int>nà�x�PX®ßÝÎ��� Square<

int>()(3) J Square<int>().operator()(3)Ý�¶��PÎ��PÎ�v½tb¿Ý¸à�µÎ�½l�Õ�P�)3×R¸à�»A�u¸à|îÝ Square � Cubic ËÍ�PÎ�y|ìÝø��P/�
template <class S�class T>

void print_items( S start , S end , T fn ) {
for ( S iter = start ; iter != end ; ++iter )

cout << fn(*iter) << ’ ’ ;

}3hø��P��&ÆíáÝ×Í�PÎ� fn�	�PÆ� fn(*iter) `��P8	yÆ�Ý fn.operator()(*iter) B��.h|ìÝ�PD�|µíáÝ�PÎ�Ý5½�Õ��!Ý���
vector<int> foo(3,2) ; // ëÍ 2

print_items( foo.begin() , foo.end() , // �� : 4 4 4

Square<int>() ) ;

print_items( foo.begin() , foo.end() , // �� : 8 8 8

Cubic<int>() ) ;9�X�LÝ½l�Õ�P print_items ��|�§FÙp��
int foo[4] = { -1 , 2 , 3 , 1 } ;

print_items( foo , foo+4 , Square<int>() ) ; // �� : 1 4 9 1

print_items( foo+1 , foo+3 , Cubic<int>() ) ; // �� : 8 27!øÝ�A����G��ØÍf�Ý£℄�J�|'��
template <class S�class T>

void print_items( S iter1 , S iter2 , T fn ) {
for ( S iter = iter1 ; iter != iter2 ; ++iter )

if ( fn(*iter) ) cout << *iter << ’ ’ ;

}ãy fn(*iter) Î3 if f�P��h`�PÎ�v½Ý�PºÕ�6/F×¾�Â (bool)�»A�|ìÝ Odd<T> �PÎ�v½à¼¾\¢ó£℄ÎÍ�ó�
Greater<T> �PÎ�v½Jà¼¾\¢ó£℄ÎÍ�yØ'�ó�

template <class T>

struct Odd {
bool operator() ( const T& foo ) const {

547



Ï 17 a ýãø��P0 (×)��+
return ( foo % 2 ? true : false ) ;

}
} ;

template <class T>

class Greater {
private :

T num ;

public :

Greater( const T& n = 0 ) : num(n) {} ;

bool operator() ( const T& foo ) const {
return foo > num ;

}
} ;3ÏÞÍ�PÎ�v½��&Æ©½¿àÝ×Í£℄Wõà¼;DX�f´ÝóC�9ÍóC63�x�P/'��.h Greater<int>(30) ��½¸à Greater<int>Ý¢ó�x�Pv|¢óÂ 30 ¼®ß×Í�PÎ��� Greater<int>(30)(9)��Î��Æ� Greater<int>(30).operator()(9)�|ìÝ�PDnð�&Æ�|3���P print_items �®?
×MÝ���§�»A�
// ®ß 10 Í3 0 Õ 99 � ÝBó
vector<int> foo(10) ;

for ( int i = 0 ; i < 10 ; ++i ) foo[i] = rand() % 100 ;

// ���ó
print_items( foo.begin() , foo.end() , Odd<int>() ) ;

// ���y 50 ÝóC
print_items( foo.begin() , foo.end() , Greater<int>(50) ) ;!øÝ℄P��|TàyFÙp�
int foo[5] = { 3 , 5 , 8 , 7 , 4 } ;

// ���y 5 ÝJó
print_items( foo , foo+5 , Greater<int>(5) ) ;ø��P��PÎ�3 C++ Ý'���(ø�) �P��PÎ�K�|	W¨×Íø��PÝ¢ó�9øÝ�§�|�Ǒ�PºàÝ�ã��»A�A�Þ¿℄ø��P�ñ℄�P��EÂø��P�x�L�
// ¿℄ø��P
template <class T>

T square( const T& i ) { return ( i * i ) ; }
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// ñ℄�P
int cubic ( int i ) { return i * i * i ; }

// �EÂø��P�x
template <class T>

struct Abs {
T operator() ( const T& i ) { return ( i >= 0 ? i : -i ) ; }

} ;Q¡��L×¸àø��P
template <class Function , class T>

T compute ( Function fn , T item ) { return fn(item) ; }J&Æ�|¸à|ìÝ�PD
cout << compute( square<int> , 2 ) ; // �� 4

cout << compute( cubic , 2 ) ; // �� 8

cout << compute( Abs<int>() , -2 ) ; // �� 23hÝ compute �P¢ó�Ý fn �|Î×Í�P square<int> , cubic�TïÎ�PÎ� Abs<int>()�GïÎDÄ�P¼ý200 (function pointer) Ý℄PÞ�P	W¢óXá¨×Í�P�§�ø��P¼ý�¢�Ï 14.3 ;Ý1��3 STL XèºÝ sort �P���|óCPÝíá×�P (function) Tï�PÎ�v½ (function object) 	WÏëÍ¢ó�à|'�4�Ýýã�»A�A��|�EÂÝ��ã�Õ�4��J�|�'��
int abs( int a ) { return a >= 0 ? a : -a ; }

struct large_abs {
bool operator() ( int a , int b ) const {

return abs(a) > abs(b) ;

}
} ;Q¡�¸à
int foo[5] = { 3 , -5 , 8 , -7 , 4 } ;

// µ�EÂ��ã�4Õ�4�
sort( foo , foo+5 , large_abs() ) ; // 4�¡ foo  8 -7 -5 4 3!ø2�A�×Í��5ó�x�ÍETÝí�ºÕ��L
struct Fraction {

unsigned int num , den ; // num : 5� , den : 5Ò
Fraction( unsigned n , unsigned d ) : num(n) , den(d) {} ;

} ;
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ostream& operator<< ( ostream& out , const Fraction& foo ) {

return out << foo.num << ’/’ << foo.den ;

}vÞ5óf´��Ý�PÎ�v½�L�
struct Bigger {

// f´5ó x ÎÍf 5ó y �
bool operator() ( const Fraction& x , const Fraction& y ) {

return x.num*y.den > x.den*y.num ;

}
} ;J|ì�|Þ5óp�ã�Õ�4�¡�� 7/3 7/5 2/3 3/5

Fraction foo[4] = { Fraction(2,3) , Fraction(3,5) ,

Fraction(7,5) , Fraction(7,3) } ;

sort( foo , foo+4 , Bigger() ) ;

for ( int i = 0 ; i < 4 ; ++i ) cout << foo[i] << ’ ’ ;Ë�¾\PA�×�PTïÎ3�PÎ�v½/Ý�PºÕ�/F×Ë�Â�Jh�P�Ì
(Ë�)¾\P (predicate)�A�¾\P©6�×Í¢ó�JÌ�-¾\P (unary

predicate)�A�6�ËÍ¢ó�JÌÔ-¾\P (binary predicate)�»A�
// �-¾\P : ¾½Jó i ÎÍ�yë
bool positive( int i ) { return i > 0 ; }

// Ô-¾\P : ¾½Jó a ÎÍ´Jó b �
struct Larger {

bool operator() ( int a , int b ) { return a > b ; }
} ;4Q|î¾\P����¬Ë�¾\PQ3 STL � �8	¥�Ý���

STL ï'Ý�PÎ�v½
STL 3ý�j functional ��LÝ&9ðàÝ�PÎ�v½�Í��I	ÎÔ-�P�¬�b×°Î�-�P�A�} 17.4� ��Ý T ¸àÝl½�� a � b hl½ÝÎ�£℄�9°�PÎ�v½Ý�PK����»A�|ì less �PÎ�v½Ý�ÍlP�
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equal_to<T> a == b logical_not<T> !a

not_equal_to<T> a != b negate<T> -a

less<T> a < b plus<T> a + b

less_equal<T> a <= b minus<T> a - b

greater<T> a > b multiplies<T> a * b

greater_equal<T> a >= b divides<T> a / b

logical_and<T> a && b modulus<T> a % b

logical_or<T> a || b�} 17.4: C++ ï'Ý�PÎ�v½�ÍàH
// less �PÎ�v½ : f´ÎÍ a f b �
template <class T>

struct less {
bool operator() ( const T& a , const T& b ) const {

return a < b ;

}
} ;¨3|×Í��Ý»�îPA¢¸à9°ï'Ý�PÎ�v½��'&Æ'�Ý×Í

compute �PÝ�à¼�§p�-�� ÝºÕ�
#include <iostream>

#include <functional>

using namespace std ;

// �ÕË�� � Ý-�ºÕ�ÕÂ
template <class Function , class Iterator , class T>

T compute( Iterator start , Iterator end , T value ,

Function fn ) {
for ( ; start != end ; ++start ) value = fn(value,*start) ;

return value ;

}

int main() {
int a[5] = { 24 , 2 , 1 , 3 , 1 } ;

// �Õp�-�8Ǒ : 0 + 24 + 2 + 1 + 3 + 1 => ��: 31

cout << compute( a , a+5 , 0 , plus<int>() )

<< endl ;

// �Õp�-�83 : (2*24) - 24 - 2 - 1 - 3 - 1 => ��: 17
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cout << compute( a , a+5 , 2*a[0] , minus<int>() )

<< endl ;

// �Õp�-�8¶ : 1 * 24 * 2 * 1 * 3 * 1 => ��: 144

cout << compute( a , a+5 , 1 , multiplies<int>() )

<< endl ;

// �Õp�-�8t : (24*24) / 24 / 2 / 1 / 3 / 1 => ��: 4

cout << compute( a , a+5 , a[0]*a[0] , divides<int>() )

<< endl ;

return 0 ;

}9�Ý compute ½l�P/©b×Í��Ý℄º�3�� X'�ÝP�/¥�2Æ� fn �P� compute �PÝÏëÍ¢ó value tÝ×á compute �PX�ºÕÝl½²��!ñ	�ÕÄ�Ý��Â�Ü»¼1�	&Æ��Õ a[0] -

a[1] - ... - a[4] `�3¬3�P/JÎÆ� value - a[0] - a[1] - ... -

a[4]�.hËïu�8��J value ÝR�Â�'p�Ï×Í-�ÝË¹óÂ�Ç 2*a[0]�!§��|á¼�¢8Ǒ`�' 0�8¶`�' 1��8t`J��Ï×Í-�Ý¿℄Â�!øÝ�A��'�×½l�Õ�P¼�ÕËÍ��� P�Ý-�/�õ�Ç
a · b = a0 ∗ b0 + a1 ∗ b1 + · · · + an-1 ∗ bn-19�Ý a � b 5½��ËÍ� /ÝØðP��J/��P�|'�

template<class Iter1 , class Iter2 , class T>

T inner_product( Iter1 i1 , Iter1 i2 , Iter2 j1 , Iter2 j2 ,

T val ) {
for ( ; i1 != i2 ; ++i1 , ++j1 )

val = plus<T>()(val,multiplies<T>()(*i1,*j1)) ;

return val ;

}|îÝ val �Õ`íáÝ��Â�ã�P��|:��3híáÝ j2 �� ãy¬^b3�P�¸à�X|3�P'��ððÞ�6¯�h²3 plus<T>() �
multiplies<T>() Ý () ¬��6¯�hËï5½���PÎ��¯�î�℄º/ÝB�Î|ìP�Ý�¶�

val = plus<T>().operator()( val ,

multiplies<T>().operator()(*i1,*j1) ) ;ãy/��P¸àÝËð�� X'�ÝP��¬¬^b!�6òy8!Ý� �hËðP��|5½òy�!� îÝnð-��¬��|Î8!Ý�»A�
int foo[5] = { 2 , 3 , 1 , 2 , 5 } ; // foo = 2 3 1 2 5
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list<int> bar( foo+2 , foo+5 ) ; // bar = 1 2 5

// �Õ (3,1,2)*(1,2,5) Ý/�õ��� 15 ( = 3*1 + 1*2 + 2*5 )

cout << inner_product( foo+1 , foo+4 , bar.begin() , bar.end() , 0 )

<< endl ;

// �Õ 2*2 + 3*3 + 1*1 + 2*2 + 5*5 ÝóÂ , �� 43

cout << inner_product( foo , foo+5 , foo , foo+5 , 0 ) << endl ;9�Ý/��P�ÕÝR�Â�'ë�ãt¡×Í¢ó val Fá��§�P�Í��Pub×Í6�ËÍ¢óÝó.�P'� f(x, y) = x2 − 2xy + y2�*uü�ÝÍ�×Í¢ó�»A�y = c�c Ø×ü�óÂ�J�P f(x, y) µ�WÝ×Í¢óÝ�P g(x) = f(x, c) = x2 − 2cx+ c2�2à!øÝ℄P�&Æ��|E�PÎ�v½/ÝÔ-�PºÕ�ü��¢×Í¢ó�¸ÿÍ�W�-�PºÕ��¾Õ9ËêÝ�STL '�ÝËÍ�§�P (binder)�Ç bind1st � bind2nd� �|5½EÔ-�PºÕ�ÝÏ×Í¢óTÏÞÍ¢óÝÂ�§×�BÄ5¢ó�§6¡ÝÔ-�Pµ8	y�-�P×���µÎ1��§�PÝ/FÂÎ×Í�-�P�Ü»¼1��PÎ�v½ less<T>()(a,b)Îà¼f´£℄ a ÎÍf£℄ b ��A��ÞÏÞÍ¢ó§× 100�J�|à bind2nd( less<T>() , 100 )�»A�3|ìÝ½l�P count_no Îà¼�Õ3Øð� P�/��ØÍíáf�ÝÍó�
template <class Iter�class Function>

int count_no( Iter iter1 , Iter iter2 , Function fn) {
int no = 0 ;

for ( ; iter1 != iter2 ; ++iter1 ) if ( fn(*iter1) ) ++no ;

return no ;

}
...

int a[10] = { 3 , 4 , 10 , 7 , 8 , 9 , 21 , 9 , 5 , 12 } ;

// �Õp�-� x ��yóC 8 ÝÍó
// '� greater<int> ÝÏ×Í¢ó 8�Ç�� 8 > x Ý x Íó
// �� : 4

cout << count_no( a , a+10 , bind1st( greater<int>() , 8 ) )

<< endl ;

// �Õp�-� x �� 5 JtÝÍó
// '� modulus<int> ÏÞÍ¢ó 5�Ç�� x % 5 != 0 Ý x Íó
// �� : 8

cout << count_no( a , a+10 , bind2nd( modulus<int>() , 5 ) )

<< endl ;
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Ï 17 a ýãø��P0 (×)��+3t¡×ÍB���modulus<int> Îà¼�ÕíáÝËJó 8t¡Ýõó�	/FÝÂ� 0 `�J��G«ÝJóP°Jt¡«ÝJó�vÍX��ÝË�ÂJ�ÚË�.h bind2nd(modulus<int>(),5)µ�î�� 5 JtÝóC�|î℄PÎà¼0���Ø×f�Ý-�Íó�A��0�!`��ËÍf�Ý-�ÍóJ�|�L|ìÝ½l�P�
template <class Iter�class Fn1�class Fn2�class Fn3>

int count_no( Iter i1 , Iter i2 , Fn3 logical_fn ,

Fn2 fn2 , Fn3 fn3 ) {
int c = 0 ;

for ( ; i1 != i2 ; ++i1 )

if ( logical_fn( fn2(*i1) , fn3(*i1) ) ) ++c ;

return c ;

}¸àî�|à
// �Õ+y (5,15) � -�ÝÍó�Ç�� ( 5 < x ) && ( x < 15 )

// �� : 6

cout << count_no( a , a+10 , logical_and<bool>() ,

bind1st(less<int>(),5) ,

bind2nd(less<int>(),15) ) << endl ;h² STL ��LÝ×ËÍ��P (negator)�not1 � not2 �|5½à¼E�-�Ô-ÝË�¾\PÎ� (predicate object) ®Í�Ý�®��µÎÞíáË�¾\PÝË�ÂE��Ü»¼1� a �yTï�y b Ýn;P� a ��y b Ý1°Î×ø�u¸à STL ÝÍ��P�J�|¶W not2( less<T>() )�Í®à�
greater_equal<T>()8	�9�¸àÝ not2ÎjEÔ-¾\PÎ��uÎíáÝ�-¾\PJ6¸à not1�¸à|îÝp��|ì»�

// �Õ�|� 5 JtÝ-�Íó�Ç�� ! ( x % 5 != 0 ) Ý-�Íó
// �� : 2

cout << count_no( a , a+10 , not1(bind2nd(modulus<int>(),5)) )

<< endl ;

// �Õ�|� 3 Jt¬�� 2 JtÝ-�Íó�
// Ç�� ( x % 3 == 0 ) && ( x % 2 != 0 )

// �� : 4

cout << count_no( a , a+10 , logical_and<bool>() ,

not1(bind2nd(modulus<int>(),3)) ,

bind2nd(modulus<int>(),2) ) << endl ;9��X|¸à not1 �Î not2 Ýx�æ.3y�§�PX/F�¼Ý�P×��-¾\P� not2 �|¸à36�Ô-¾\PÝ½l�Õ�P��»A�
int a[10] = { 3 , 4 , 10 , 7 , 8 , 9 , 21 , 9 , 5 , 12 } ;

// 4� : ã�Õ� , a p��W : 21 12 10 9 9 8 7 5 4 3
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sort( a , a+10 , not2(less<int>()) ) ;�§�P�Í��PK�L3 functional ý�j�ãy9ËËvlÝ�PK�|�JíáÝ�PÎ�Ý���&ÆÞhËË�PÌ�PÎ�»ð (functor

adaptor)�
17.6 TàP»|ì&Æ¿à¿Í��P»¼îP STL �P¸à℄P�ÀPv½3ÏÜaÝ®¼êÞ279�Ïè°aÝP»474��&Æ+ÛÝÀP£℄�§^×��GÝ�§℄PKÎ|FÙü�p�¼;D-��	-�ÍóÆBD�`�ÀPµ���Ǒ|;D-��93¸àîºCW8	Ý�℄-�LÍ3&9Tà®Þ�k�§Ý-�9>ððÎ��ïáÝ�ü���ÝÀP`ðº¸ÿ�PåÕ×°§×��tÀP��Ý§×�&Æ�|¿à'�p�¼�X9Í®Þ�N	ǑáTïÎã�×Í-�`�'�p���º���Q�J�'�p��;DÝt���ÎåÕ�Õ^B7è Ý��Å(���Î�PDÝ®Þ�3�P��NǑá×Í-�ÕÀP�`�&Æ¸à push_back Wõ�PÞ-�ǑáÕ'�p�ÝtÏ��	�ãÀP��t-�`�J¸à pop_backWõ�P�A��ã:ÀP�Ýt�-�J¸à back()Wõ�P�ÀPv½�'�p� stack_by_vector.cc

01 #include <iostream>
02 #include <vector>
03 #include <cassert>
04
05 using namespace std ;
06
07 // ÀPv½
08 template <class T>
09 class Stack {
10
11 private :
12
13 vector<T> data ; // -�p�
14
15 public :
16
17 void pop() ; // �ÀP�ã�-�
18 void push( const T& item ) ; // Þ-�wáÀP�
19 T top() const { return data.back() ; } // ×átî×Í-�
20 int size() const { return data.size() ; } // ×áÀP-���
21
22 template <class S>
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23 friend ostream& operator << ( ostream& , const Stack<S>& ) ;
24
25 } ;
26
27 // �ÀP�ã�-�
28 template <class T>
29 void Stack<T>::pop() {
30 assert( data.size() > 0 ) ;
31 data.pop_back() ;
32 }
33
34 // Þ-�wáÀP�
35 template <class T>
36 void Stack<T>::push( const T& item ) { data.push_back(item) ; }
37
38 // ��ÀPÎ�
39 template <class T>
40 ostream& operator << ( ostream& out , const Stack<T>& foo ) {
41
42 out << "> ÀP�b " << foo.size() << " Í-�" << endl ;
43 out << " � [ " ;
44 for ( int i = foo.size()-1 ; i >=0 ; --i )
45 out << foo.data[i] << ’ ’ ;
46
47 return out << "] Ï�" << endl ;
48
49 }
50
51 int main() {
52
53 Stack<int> foo ;
54
55 // Ǒá 1 , 2 , 3 , 8 � ÀP
56 foo.push(1) ; foo.push(2) ; foo.push(3) ; foo.push(8) ;
57 cout << "> t�-� : " << foo.top() << endl ;
58 cout << "> -�Íó : " << foo.size() << endl << endl ;
59
60 // ã�ËÍ-�¡, Ǒá 9 , 7 , 5
61 foo.pop() ; foo.pop() ; foo.push(9) ; foo.push(7) ;
62 foo.push(5) ;
63 cout << foo ;
64
65 return 0 ;
66
67 }
68Æ���
01 > t�-� : 8
02 > -�Íó : 4
03
04 > ÀP�b 5 Í-�
05 � [ 5 7 9 2 1 ] Ï�
06
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'�ºÕ'�p�;ð�|à¼ÿaó.Ý'� (vector)�3ÏèaÝP» 307��&Æ¿à�VB7è ¼5gX6�Ý-�è ��39�&Æ¿àÝ'�p�¼Ñ§è Ý®Þ�3�P��'�Î��|à#¸à'�p�¼®ß���|ãíáÝ-�\á�Õ¾ÕêÝ�&Æ©½�LÝíáºÕ�¼'�'�Î�Ý'�p��¸àÝ℄PÞ×J�ÝóC\áDW istringstream Î��Q¡�××à'�p�Ý
push_back Wõ�PDÕp�Ï��'�v½�¸à'�p� math_vector.cc

01 #include <iostream>
02 #include <sstream>
03 #include <vector>
04 #include <cassert>
05
06 using namespace std ;
07
08 template <class T>
09 class Vec {
10
11 private :
12
13 vector<T> dat ; // à'�p�;D'�Ý-�
14
15 public :
16
17 Vec() {}
18
19 Vec( const vector<T>& foo ) : dat(foo) {}
20
21 // '�-�Íó
22 int size() const { return dat.size() ; }
23
24 // ìýºÕ�
25 T& operator[] ( int i ) { return dat[i] ; }
26 const T& operator[] ( int i ) const { return dat[i] ; }
27
28 // �L += ºÕ�
29 Vec& operator-= ( const Vec& a ) {
30 assert( dat.size() == a.size() ) ;
31 for ( int i = 0 ; i < dat.size() ; ++i ) dat[i] -= a.dat[i] ;
32 return *this ;
33 }
34
35 // �L Vec ÝàÝíáºÕ�
36 template <class S>
37 friend istream& operator>> ( istream& in , Vec<S>& foo ) {
38 string line ;
39 getline( in , line ) ;
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40 istringstream istr(line) ;
41 S tmp ;
42 while ( istr >> tmp ) foo.dat.push_back(tmp) ;
43 return in ;
44 }
45
46 };
47
48 // �L Vec ÝàÝí�ºÕ�
49 template <class S>
50 ostream& operator<< ( ostream& out , const Vec<S>& foo ) {
51 out << "( " ;
52 for ( int i = 0 ; i < foo.size() ; ++i ) out << foo[i] << ’ ’ ;
53 return out << ")" ;
54 }
55
56 // �ÕË'�ÝǑ°
57 template <class T>
58 Vec<T> operator+ ( const Vec<T>& a , const Vec<T>& b ) {
59 assert( a.size() == b.size() ) ;
60
61 // �L×'�p� ¡ÞË'�Î�Ý-�)WÕ'�p��
62 vector<T> foo(a.size()) ;
63 for ( int i = 0 ; i < foo.size() ; ++i ) foo[i] = a[i] + b[i] ;
64 return Vec<T>(foo) ;
65 }
66
67 // �ÕË'�Ý/�õ
68 template <class T>
69 T operator* ( const Vec<T>& a , const Vec<T>& b ) {
70 assert( a.size() == b.size() ) ;
71 T sum = static_cast<T>(0.) ;
72 for ( int i = 0 ; i < a.size() ; ++i ) sum += a[i] * b[i] ;
73 return sum ;
74 }
75
76 int main() {
77
78 Vec<int> a , b ;
79 cout << "> 5½íáËÍ'� (-�Íó8!) : \n" ;
80 cout << "a = " ; cin >> a ;
81 cout << "b = " ; cin >> b ;
82
83 cout << "a + b => " << a + b << endl ;
84 cout << "a * b => " << a * b << endl ;
85 cout << "a -= b => " << (a -= b) << endl ;
86
87 return 0 ;
88
89 }
90Æ���
01 > 5½íáËÍ'� (-�Íó8!) :
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02 a = 2 3 4 1
03 b = 1 2 0 3
04 a + b => ( 3 5 4 4 )
05 a * b => 11
06 a -= b => ( 1 1 4 -2 )
07 3Í�P��;6S»GîP×°Wõ�PÝã¶℄P�\ïA�b·¶�|Þ�U�WÝ��§ó.X¸à'�v½�
$4�£℄Ý4�ÎBðÂÕÝTà®Þ�×�3&9£℄0��;ðÎ|B� (record) 	W£℄Ýt����XÛÝ×�B�;ðÎãu�ÍÞê (field) )W�»A�%h Ý×�h°B�����â�h(�®ï��Ìh	��ÌO�h���Í½£℄�×�»�.lÝ.ßB����â��(�P½��ß^�����(�2ë���é���Í½£℄�3�P'���&Æ;ðº'�×©�v½à¼��£℄0�ÝB��Q¡¸à×ÍÎ�¼;D×�B��»A�&Æ�|Þ%h Ýh'�W|ìÝv½lP�

class Library_Book {
private :

string book_name ; // h(
string author ; // ®ï
...

public :

...

} ;ãyB�Íó;ð8	ÿ��3¸àîBðàp�¼;D9°B��»A�
Library_Book book1[10] ; // FÙü�p�
vector<Library_book> book2 ; // '�p�A����£℄0�ÝXbB��;ð&ÆºEDw3B��Ý£℄µØË℄PǑ|f´4�¡�Ǒ|���3ÍP»�P��&Æ|.ßv½»��'N×�.ß

(Student)B��G�âÝ�( (name)�Oë (age) �P½ (gender)ë�Í½£℄�Q¡�Lf´.ß�(g�Ý�PÎ�v½¾\PAì�
template <class Compare>

struct by_name {
bool operator() ( const Student& a , const Student& b ) const {

return Compare()( a.get_name() , b.get_name() ) ;

}
} ;
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Ï 17 a ýãø��P0 (×)��+hø��PÝl½ø�¢ó Compare�Îà¼f´ÎÍ.ß a f.ß b ´�Tï´��A��f´ÎÍ´��J�Þ Compare '� greater<NAME>�u´��J�|'� less<NAME>�Tï��|ÎÍ¸¸àï��Ý�PÎ�v½�3 by_name�P�PD��	 less ã� Compare ¡� by_name �PÎ�v½µÆ� less()(

a.get_name() , b.get_name() )�Í®à8	yf´ a .ß(C�ÝCÒ5�ÎÍ�y b .ß�(ÝCÒ5��Ah�|ìÝB��
sort( foo , foo+5 , by_name< less<NAME> >() ) ;

sort( foo , foo+5 , by_name< greater<NAME> >() ) ;GïÎ|.ßÝ�(CÒ5�ã�Õ�4���¡ïJã�Õ�Ý℄P¼4��&Æ��|3�PÎ�v½�'�´�ÓÝf´℄P�µgf´&Ë�!Ý4�f��Ah×¼�4�Ý℄Pµ�|8	9��
$£℄4��Î�4� student_sorting.cc

001 #include <iostream>
002 #include <iomanip>
003 #include <string>
004 #include <functional>
005 #include <algorithm>
006
007 using namespace std ;
008
009 // �L �( Oë P½ £℄l½
010 typedef string NAME ;
011 typedef unsigned AGE ;
012 enum GENDER { female , male } ;
013
014 // .ßv½
015 class Student {
016
017 private :
018
019 NAME name ; // �(
020 AGE age ; // Oë
021 GENDER gender ; // P½
022
023 public :
024
025 Student( NAME n , AGE a ,GENDER g )
026 : name(n) , age(a) , gender(g) {}
027
028 NAME get_name() const { return name ; }
029 AGE get_age() const { return age ; }
030 GENDER get_gender() const { return gender ; }
031
032 friend ostream& operator << ( ostream& out ,
033 const Student& foo ) ;
034
035 };
036
037 // í�.ß£℄
038 ostream& operator << ( ostream& out , const Student& foo ) {
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039 return out << "�( : " << setw(6) << foo.name.c_str()
040 << " [" << ( foo.gender == female ? ’F’ : ’M’ )
041 << "]" << setw(5) << " Oë : " << foo.age ;
042 }
043
044 // �Pv½ : f´(Ì (f´Ý℄P'�Wø�l½¢ó)
045 template <class Compare>
046 struct by_name {
047 bool operator() ( const Student& a , const Student& b ) const {
048 return Compare()( a.get_name() , b.get_name() ) ;
049 }
050 };
051
052 // �Pv½ : f´Oë (f´Ýø�l½¢ó/� less<AGE>)
053 template <class Compare = less<AGE> >
054 struct by_age {
055 bool operator() ( const Student& a , const Student& b ) const {
056 return Compare()( a.get_age() , b.get_age() ) ;
057 }
058 };
059
060 // ø��P : f´P½ (f´Ý℄P'�Wø�l½¢ó)
061 template <class Compare>
062 bool by_gender ( const Student& a , const Student& b ) {
063 return Compare()( a.get_gender() , b.get_gender() ) ;
064 }
065
066 // �Pv½ : �f´P½, �f´Oë, t¡f´�(
067 template <class Compare_g , class Compare_a , class Compare_n>
068 struct my_rule {
069 bool operator() ( const Student& a , const Student& b ) const {
070 if ( a.get_gender() == b.get_gender() ) {
071
072 if ( a.get_age() == b.get_age() )
073 return Compare_n()( a.get_name() , b.get_name() ) ;
074 else
075 return Compare_a()( a.get_age() , b.get_age() ) ;
076
077 } else
078 return Compare_g()( a.get_gender() , b.get_gender() ) ;
079 }
080 };
081
082 int main() {
083
084 int i ;
085 const int Student_No = 5 ;
086
087 // .ßp�
088 Student foo[Student_No] = {
089 Student("John" ,13,male) , Student("Mary" ,10,female) ,
090 Student("Tony" ,17,male) , Student("Amy" ,10,female) ,
091 Student("Grace",18,female) } ;
092
093 cout << "> µ�(4� [�->�] " << endl ;
094 sort( foo , foo+Student_No , by_name< less<NAME> >() ) ;
095 for ( i = 0 ; i < Student_No ; ++i ) cout << foo[i] << ’\n’ ;
096 cout << endl ;

561



Ï 17 a ýãø��P0 (×)��+
097
098 cout << "> µOë4� (¸à/�4�℄P[�->�]) " << endl ;
099 sort( foo , foo+Student_No , by_age<>() ) ;
100 for ( i = 0 ; i < Student_No ; ++i ) cout << foo[i] << ’\n’ ;
101 cout << endl ;
102
103 cout << "> µP½4� [�->�] " << endl ;
104 sort( foo , foo+Student_No , by_gender< greater<GENDER> > ) ;
105 for ( i = 0 ; i < Student_No ; ++i ) cout << foo[i] << ’\n’ ;
106 cout << endl ;
107
108 cout << "> µì�℄P5�4�\n"
109 << " (1) P½ [�->�] (2) Oë [�->�] "
110 << "(3) �( [�->�]\n";
111 sort( foo , foo+Student_No ,
112 my_rule< less<GENDER>, greater<AGE> , less<NAME> >() ) ;
113 for ( i = 0 ; i < Student_No ; ++i ) cout << foo[i] << ’\n’ ;
114 cout << endl ;
115
116 return 0 ;
117
118 }
119Æ���
01 > µ�(4� [�->�]
02 �( : Amy [F] Oë : 10
03 �( : Grace [F] Oë : 18
04 �( : John [M] Oë : 13
05 �( : Mary [F] Oë : 10
06 �( : Tony [M] Oë : 17
07
08 > µOë4� (¸à/�4�℄P[�->�])
09 �( : Amy [F] Oë : 10
10 �( : Mary [F] Oë : 10
11 �( : John [M] Oë : 13
12 �( : Tony [M] Oë : 17
13 �( : Grace [F] Oë : 18
14
15 > µP½4� [�->�]
16 �( : John [M] Oë : 13
17 �( : Tony [M] Oë : 17
18 �( : Amy [F] Oë : 10
19 �( : Mary [F] Oë : 10
20 �( : Grace [F] Oë : 18
21
22 > µì�℄P5�4�
23 (1) P½ [�->�] (2) Oë [�->�] (3) �( [�->�]
24 �( : Grace [F] Oë : 18
25 �( : Amy [F] Oë : 10
26 �( : Mary [F] Oë : 10
27 �( : Tony [M] Oë : 17
28 �( : John [M] Oë : 13
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3 1 2 7 5 3 1 2 7 5¼ýp�Î�p�
6 6 6 6 6 � �Y �I

% 17.1: ¼ýp�B�4�
293�PD��by_name�by_age � my_rule KÎ�PÎ�v½�� by_gender JÑ�2�'�ø��P�¬K×ø�|� sort �P	®4�f´��Ýýã�u�PD�Ý.ßp�×'�p��J8nÝ4�B�6;

sort( foo.begin() , foo.end() , by_name< less<NAME> >() ) ;

sort( foo.begin() , foo.end() , by_age<>() ) ;

...×����	EÎ�p�4�`�uËÎ�Bh��5��E�JÎ�6�3p��E��H�	Î�E��H`�;ð6�¸àÕõ`Î��up�-�8	9vv½Ý£℄Wõ��Ó`�J�§Î�Ý®ß�Ǒ´X��ðÝ�Õ` µ8	ÿ��39Ë�µì��|¿à¼ýÝ℄P¼ #�§�»A�A�b"ÍóC�ã�Õ�4��9`�|�®ß×Í!ø��Ý¼ýp�××¼Õ&ÍóC-��Q¡�E¼ýX¼Ý-���4��	¼ýX¼ÝóCÝ5��E`�µE�¼ý�Ah	4��W`�¼ýp�X¼ÕÝ-�5�µÎ4�¡Ý5��A% 17.1�|hP»»�u�à¼ý℄PEOëã�Õ�4��J��P�|¶W�
$£℄4��¼ý4� sorting_by_ptr.cc

01 #include <iostream>
02 #include <iomanip>
03 #include <string>
04 #include <functional> // èº : less greater
05 #include <algorithm> // èº : sort
06
07 using namespace std ;
08
09 // �L �( Oë P½ £℄l½
10 typedef string NAME ;
11 typedef unsigned AGE ;
12 enum GENDER { female , male } ;
13
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14 // .ßv½
15 class Student {
16
17 private :
18
19 NAME name ; // �(
20 AGE age ; // Oë
21 GENDER gender ; // P½
22
23 public :
24
25 Student( NAME n , AGE a ,GENDER g )
26 : name(n) , age(a) , gender(g) {}
27
28 AGE get_age() const { return age ; }
29
30 friend ostream& operator << ( ostream& out ,
31 const Student& foo ) ;
32
33 };
34
35 // í�.ß£℄
36 ostream& operator << ( ostream& out , const Student& foo ) {
37 return out << "�( : " << setw(6) << foo.name.c_str()
38 << " [" << ( foo.gender == female ? ’F’ : ’M’ )
39 << "]" << setw(5) << " Oë : " << foo.age ;
40 }
41
42 // �Pv½ : f´Oë (f´Ýø�l½¢ó/� less<AGE>)
43 template <class Compare = less<AGE> >
44 struct by_age {
45 bool operator() ( const Student* a , const Student* b ) const {
46 return Compare()( a->get_age() , b->get_age() ) ;
47 }
48 };
49
50 int main() {
51
52 int i ;
53 const int Student_No = 5 ;
54
55 // .ßp�
56 Student foo[Student_No] = {
57 Student("John" ,13,male) , Student("Mary" ,10,female) ,
58 Student("Tony" ,17,male) , Student("Amy" ,10,female) ,
59 Student("Grace",18,female) } ;
60
61 // ¼ýp�
62 Student *ptrs[Student_No] ;
63 for ( i = 0 ; i < Student_No ; ++i ) ptrs[i] = &foo[i] ;
64
65 // ¸à¼ý4�
66 cout << "> µOë4� [�->�] " << endl ;
67 sort( ptrs , ptrs+Student_No , by_age< greater<AGE> >() ) ;
68 for ( i = 0 ; i < Student_No ; ++i ) cout << *ptrs[i] << ’\n’ ;
69 cout << endl ;
70
71 cout << "> æ�p�5� " << endl ;
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72 for ( i = 0 ; i < Student_No ; ++i ) cout << foo[i] << ’\n’ ;
73 cout << endl ;
74
75 return 0 ;
76
77 }
78Æ���
01 > µOë4� [�->�]
02 �( : Grace [F] Oë : 18
03 �( : Tony [M] Oë : 17
04 �( : John [M] Oë : 13
05 �( : Mary [F] Oë : 10
06 �( : Amy [F] Oë : 10
07
08 > æ�p�5�
09 �( : John [M] Oë : 13
10 �( : Mary [F] Oë : 10
11 �( : Tony [M] Oë : 17
12 �( : Amy [F] Oë : 10
13 �( : Grace [F] Oë : 18
14 3hÑÑ�P��&Æ´�®ß×Í¼ýp�µg¼'&ÍÎ�p�-��Q¡3 sort �P��Þ¼ý	W4�Ýíá¢ó�ÝE¼ýX¼ÝÎ�®4�Ý�®�.h3�.f´Oë��Ý by_age �P��&ÆXf´ÝÎ¼ýX¼'Î�/ÝOë£℄�Ah	¼ýX¼'ÝÎ�Oë5��E`�¼ýÞº��E�ËïÝ�ë�3í�Ý����&Æ�5-ÞæbÝÎ�p�5����¢|1�æ�ÝÎ�p�¬^b34�Ä���;��ãy4��PP°à#à3��� �DÄ¼ý4�°�&Æ�×ø�|E��£℄®6�Ý4��®�|îA�Î¸à'�p�¼;D.ßÎ�C.ßÎ�¼ý�J�P8²I	x��

vector<Student> foo(Student_No) ; // '�p�/â.ßÎ�
vector<Student*> ptrs(Student_No) ; // '�p�/â¼ý¼'.ßÎ�
...

for ( i = 0 ; i < Student_No ; ++i ) ptrs[i] = &foo[i] ;

sort( ptrs.begin() , ptrs.end() , by_age< greater<AGE> >() ) ;

...9�Ý vector<Student*> ptrs ×'�p�Î��¬ÍX;DÝ-�.ß¼ý�	� /Ý-�ØË�Óv½ÝÎ�`�Ý�¹�ðH9ÝÆ�` y-�Ý�xTïÎÉtî�¸à¼ý℄P¼ #ÝDã-�Î8	ð�Ý®°�»A�E
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Ï 17 a ýãø��P0 (×)��+h®Þ���A�&Æ�Þ.ß foo p�Ý.ßg�ÆB��|ûï3Ï 124 °îÝ®°�¿à¼ýÝE�¼��.ßg�Ý?��Ah×¼�|�¹�§�ÓÎ�Ý®ßT�tX6�Ý` �»A�
int i , j ;

Student foo[Student_No] , *ptrs[Student_No] , *tmp ;

...

for ( i = 0 ; i < Student_No ; ++i ) ptrs[i] = &foo[i] ;

// E�ËÍ¼ýX¼ÕÝ�H
for ( i = 0 ; i < (Student_No-1) ; ++i ) {

j = rand() % (Student_No-i) + i ;

if ( i == j ) continue ;

tmp = ptrs[i] ;

ptrs[i] = ptrs[j] ;

ptrs[j] = tmp ;

}��5ÝóÂ�Õ3��5 (Calculus) ��×Í�P f(x) Ý��5 ∫

b

a

f(x) dx �ó`a� X-�3
[a, b]   X�WÝ ½«��h«��|¿àP§9ÍÞ�fÎ�Ý«�)W�Õ�¼�.h��53ó.î��LW|ìÝP��

∫

b

a

f(x) dx = lim
n→∞

n
∑

i=1

f(a + (i− 1) ∆x) ∆x , ∆x =
b− a

n	Q3�jÝ�Õ·«î�&ÆP°�ÕP§9ÍÎ�ÝÀ«���Î3 [a,b]   ÞÍ5vW n Í8!�	�Q¡�ÕNÍ�	/�ó� X �� X�WÝ�fÎ�«��Àõ�»A�ì%ÎÞ [a,b]   6v°�	�Ç n = 4

-

6

Y

X

f(x)

f(a)

f(b)

a b

n = 4 , ∆x =
b− a

n
∫

b

a

f(x) dx ≈ ∆x ( f(a) + f(a + ∆x) + f(a + 2 ∆x)

+f(a + 3 ∆x) )3hP»��&Æ©½'�×Í½l�P¼�Õ�ó3 [a,b]   Ý�5Â��×�ÕÝÞ���¸àï�|��'�6v�	ÝóÂ n�¸à|ì��Ý℄PÞ�PÝ��5óÂO��
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17.6 TàP»
// �L¿℄�PÎ�v½
struct Square {

double operator() ( double x ) const { return x * x ; }
} ;

...

// �Õ¿℄�ó3 2 Õ 10 � Ý��5 (n  1000000 �	)

cout << integral( Square() , 2 , 10 ) ;

// �Õ¿℄�ó3 2 Õ 10 � Ý��5 (n  500 �	)

cout << integral( Square() , 2 , 10 , 500 ) ;

// �Õ¿℄�ó3 [0,1] v�óÂ6�y 0.25 Ý��5
cout << integral( Square() , 0 , 1 , bind2nd( less<double>() ,

0.25 ) ) ;��5ÝóÂ�Õ integral.cc

01 #include <iostream>
02 #include <math.h>
03 #include <functional>
04
05 using namespace std ;
06
07 // �L X ¿℄, ñ℄� Sin �ó
08 struct Square {
09 double operator()( double x ) const { return x * x ; }
10 };
11
12 template <typename T>
13 T Cubic ( T x ) { return x * x * x ; }
14
15 template <typename T>
16 double Sin( T x ) { return sin(x) ; }
17
18 // �Õ�ó fn 3 [a,b]   Ý��5,
19 // �5|6v n Í¿í�	Ý�f�«��Õ
20 //
21 template <typename Function>
22 double integral( Function fn , double a , double b ,
23 int n = 1000000 ) {
24
25 double area = 0. ;
26 double dx = ( b - a ) / n ;
27
28 for ( int i = 0 ; i < n ; ++i ) area += fn(a+dx*i) ;
29
30 return dx * area ;
31 }
32
33 // �Õ�ó fn 3 [a,b]   v�óÂ��ØÍ'�f�Ý��5,
34 // �5|6v n Í¿í�	Ý�f�«��Õ
35 //
36 template < typename Fn1 , typename Fn2 >
37 double integral( Fn1 fn , double a , double b ,
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38 const Fn2& fn2 , int n = 1000000 ) {
39
40 double area = 0. , tmp ;
41 double dx = ( b - a ) / n ;
42
43 for ( int i = 0 ; i < n ; ++i ) {
44 tmp = fn(a+dx*i) ;
45 if ( fn2(tmp) ) area += tmp ;
46 }
47
48 return dx * area ;
49 }
50
51 int main() {
52
53 const double PI = 3.141592654 ;
54
55 // �Õ¿℄�ó3 [0,1]   Ý��5
56 cout << "> ¿℄�ó3 [0,1]   Ý��5 = "
57 << integral( Square() , 0 , 1 ) << endl ;
58
59 // �Õ¿℄�ó3 [0,1] v�óÂ6�y 0.25 Ý��5
60 cout << "> ¿℄�ó3 [0,1] v�óÂ6�y 0.25 Ý��5 = "
61 << integral( Square() , 0 , 1,
62 bind2nd( less<double>() , 0.25 ) ) << endl ;
63
64 // �Õñ℄�ó3 [0,1]   Ý��5
65 cout << "> ñ℄�ó3 [0,1]   Ý��5 = "
66 << integral( Cubic<double> , 0 , 1 ) << endl ;
67
68 // �Õ sin �ó3 [0,PI]   Ý��5
69 cout << "> sin(x) 3 [0,PI]   Ý��5 = "
70 << integral( Sin<double> , 0 , PI ) << endl ;
71
72 // �Õ sin �ó3 [0,PI] v sin(x) 6�yëÝ��5
73 cout << "> sin(x) 3 [0,PI] v sin(x) 6�yëÝ��5 = "
74 << integral( Sin<double> , 0 , 2*PI ,
75 bind2nd( greater<double>() , 0. ) ) << endl ;
76
77 return 0 ;
78
79 }
80Æ���
01 > ¿℄�ó3 [0,1]   Ý��5 = 0.333333
02 > ¿℄�ó3 [0,1] v�óÂ6�y 0.25 Ý��5 = 0.0416665
03 > ñ℄�ó3 [0,1]   Ý��5 = 0.25
04 > sin(x) 3 [0,PI]   Ý��5 = 2
05 > sin(x) 3 [0,PI] v sin(x) 6�yëÝ��5 = 2
06
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17.7 �+3óÂ5�î��Õ�ó��5ÝóÂ℄°b8	9Ë℄P�9�X¸àÝ℄P�Ç¿à&9�fÎ�«�8ǑÝ℄P�Î×Ë8	�BzÝ�Õ℄°�6��ð8	Ý�Õ��!`℄°ÝÞ���8	±�ÉQ��5Î�Õ�ó3  /� X�Ý«��\ï�|.á¿àÞ�ÝV�«�8Ǒºf�℄�«�8Ǒ´Þ��bn9℄«�¢�ÍaêÞ�
17.7 �+Ía/�©Î��Ý+Û STL +°Ý¸à�E&Ë� � �� �&9��ú�Ý½l�Õ�PK^b+Û�4Qb&9/�Þº�|¡Ýëa�Ǒ|ý��Q�JÍ
STL .�â8	²°Ý/��Tà��ïP°3Íh�××+Û�\ïuǑ?
×M¸à STL��¢å×° STL Ýh�
17.8 YêÞ

1. 3Ï 279 °��&Æ+ÛÝ�� (queue) £℄�x�3��Ý;D^×���wá��Ý-�º��ã�¼��µÎ�
���9Ë£℄�xðð�à¼ÿa×°�4#bnÝ�j®Þ�
pop push

Queue

� ���£℄�x (queue data structure) â?�|à��� (deque container) ¼ÿa�	-��Ǒá (push) ���x`��|à push_back XÕ��£℄� Ýt¡�	-��ã��£℄�xã� (pop) `��|¸à pop_front Þ-�ã��� ��t�¬3�t�G��|à front ÞD3£℄� tG�Ý-��%�¼��à��� ¶×Í�P¼ÿa��£℄�xÝ^×�
2. YîÞ��;à��� (list container) ¼ÿa��£℄�x (queue data

structure)�
3. u�LØ^��x�

struct Date {
int year , month , day ;

} ;�¸à STL Ý sort �P�jEh£℄�x��L×�PÎ�v½ (functor

class) à|f´^�ÝG¡�
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4. Ø` �x�L�

struct Time {
int hr , min ;

} ;�¸à STL Ý sort �P�jEh�L�ã¶8nÝ�PÎ�v½à|f´` ÝG¡��'íá×���ó�Ý`Ñ�
15:07 21:35 08:23 10:02 12:59

(a) �µ` Ý\M5���
(b) �µ5ÖÝ��ã�Õ�4�

5. íá×ó���qA|ìÝ�O'�8nÝ½l�P�
(a) ��JÍó�
(b) G���yØóÂÝóC
(c) ��+y3ØP�/ÝóC
(d) �Õ�yëÝóCõ

6. -5�`�k&rÜðÝ×� Nf��BÄ��$ðÝ�Z¡�t¡�bâÍß
áX���'hâß5½?×J�þÞ?��ë��A°g�ø"í�Ò0Ó��ÚÜ�râ<��'t¡X�Ý NWºAì���¶×Í�P\á£℄¡�µÀ5{±µgÞf�Wºã{Õ±4��¬ÞÀ5ó���uÀ58!�Jf´Ï×gWº�A�Ï×gWº8!�Jf´ÏÞgWº�Íõµhv.� ?×J 10 8 10 10 10þÞ? 8 8 10 8 10�ë� 9 9 9 10 10A°g 7 8 9 10 8ø"í 5 6 8 9 8Ò0Ó 10 10 9 10 9�ÚÜ 9 8 7 8 10râ< 6 9 10 8 9

7. YîÞ��'�8nÝ½l�P�
(a) ÞN/)Ý N5óK3 7 5|îÝß��
(b)  NÀ5+y a 5ó� b 5óÝß����â a � b Ë5ó
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17.8 YêÞ
(c)  NÀ53 a 5ó|îÝßó��â5ó a

8. Ø×êǑê�Aì�rî X½ 8¤ �:t 9�â�Aç �¤ K�� zz( ¨� }ð¯(
 `ì}hEu âp%r�E X½ rí^�ç&| ®�èÜ �_ oîr}ë ��VHF XJ¥Ö jî`ç�- n_��Q Xe�áç Ú�Æn ÊL ">Áö�Â
(a) �¶×Í�P\áhê�£℄j¡�µNÍǑßÝ®`ó�ã������uÎ®`ó�8!�JµXbǑÝ(ÌÀ��ã���¼4��!`í�ÝǑ�|ǑÝ(Ì��ãy��4��|h»�í�T�ç�- n_Eu âp%r�E X½ rí^�ç&| �_ oî ®�èÜr}ë jî` XJ¥Ö ��VHFrî X½ 8¤ �:t 9�â���Q ÊL Ú�Æn Xe�áç ">Áö�ÂAç �¤ ¨� K�� zz( `ì}h }ð¯(
8nv½��L�

class Poem {
private :

string author ;

vector<string> poems ;

public :

friend istream& operator>> ( istream& , Poem& ) ;

friend ostream& operator<< ( ostream& ,

const Poem& ) ;

} ;

(b) �'�½l�P�/F�®`3 n ´|îÝǑßßó�
9. YîÞ�uÎíájÝǑßóê�ü���Þ�Dá'�p���và¼ý4�℄P¼4��u�¸à|ìÝ'�p��J�PÞA¢;¶�
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vector<Poem> poet ; // '�p�;DǑßÎ�
vector<Poem*> ptrs ; // '�p�;DǑßÎ�¼ý

10. YîÞ�A��P�¸à��¼DǑßÎ��à��p�;D¼ý�J�Pê�A¢ã¶ ?

list<Poem> poet ; // '�p�;DǑßÎ�
deque<Poem*> ptrs ; // '�p�;DǑßÎ�¼ý

11. íáËÍ��Ý� P���à�Ù/�Ý�PÎ�v½�'�×½l�P�ÕËÍ� -�Ý�EÂ¶�õ�Ç�EÂõ = | a0 | ∗ | b0 | + | a1 | ∗ | b1 | + · · · + | an-1 | ∗ | bn-1 |¸ÿ|ìÝ�PD�|Æ��
int foo[5] = { 2 , -3 , 1 , -2 , 5 } ;

// bar = 1 -2 5

vector<int> bar(foo+2,foo+5) ;

// �� 15 ( = 3*1 + 1*2 + 2*5 )

cout << abs_sum( foo+1 , foo+4 , bar.begin() , 0 ) << endl ;

12. ×Í�P f(x) Ý��5 ∫

b

a

f(x) dx µÎ��½�óÝ`a� X-�3 [a, b]   X�WÝ ½«��h«�tÝ�|¿àP§9ÍÞ�fÎ�Ý«�)W�Õ�¼�²���|¸àP§9ÍÞ�ÝV�«�¿�Oÿ�.h��5��|�L|ìÝP��
∫

b

a

f(x) dx = lim
n→∞

n
∑

i=1

∆x

2
( f(a + (i− 1) ∆x) + f(a + i ∆x) ) , ∆x =

b− a

nA!P» 566×ø�3�jÝ�Õ·«î�&ÆP°�ÕP§9ÍV�ÝÀ«���Î6�3 [a,b]   5vW n Í8!Ý�	�Q¡ÞNÍ�	3�ó�
X �� X�WÝ�fV�«�××Õ�¡8Ǒ�»A�ì%ÎÞ [a,b] � 6v°�	�Ç n = 4

-

6

Y

X

f(x)

f(a)

f(b)

a b

n = 4 , ∆x =
b− a

4

∫

b

a

f(x) dx

≈ ∆x

2

n
∑

i=1

( f(a+ (i − 1) ∆x) + f(a + i ∆x) )
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17.8 YêÞ�µ|îÝ1��'�×Í½l�P¼�Õ×Í�ó3 a � b � Ý�5Â�!`��|¯¸àï��'�6v n �	ÝóÂ��'ï'Ý6v�	 n Ý/�Â 100�
// �Õ¿℄�ó3 2 Õ 10 � Ý��5 (n  100 �	)

double integral( Square() , 2 , 10 ) ;

// 3 2 Õ 10 � 6vW 10000 Í�	��Õñ℄�óÝ��5
double integral( Cubic() , 2 , 10 , 10000 ) ;

13. 3ó.î��ÕËÍ¿«F p(x1, y1) � q(x2, y2) � ÝûÒ;ðÎ¿à|ìÝ2P¼Oÿ�
d(p, q) =

√

(x1 − x2)2 + (y1 − y2)2¿«î�ËFÝûÒ×��y�yë�v	ËFûÒëÝ°×�µµÎËF¥P�Þ9Í�F}Ǒ;¨�&Æ��|2àv«Ý℄P¼�ÕËÍ�ó3
[a,b]   Ý5ûÒ6�×Ë´ðàÝ®°Î3 [a,b]   /�ÕËÍ�ó-Â¿℄Ý��5ÂÝ¿℄q��µÎ1�uË�ó5½ f(x)�g(x)�JË�ó3 [a,b]   Ý5ûÒ6� d(f,g)��|¶W�

d(f, g) =

√

∫

b

a

(f(x) − g(x))2 dx\ï�|��|2:��	ËÍ�P¥P`�ûÒâ?ëÛ2��¿àh�L�Cî×Þ��5Ý½l�P�ã¶×Í½l�P�3íáËÍ�P��5 ½�OÿË�óÝ5ûÒ6�
14. u�Oÿ�P f(x) 3ØF a Ý�5�3ó.îÎ�Õ�ó3 a FÝE£��µÎ�

f′(a) = lim
h→0

f(a + h) − f(a)

h	 h ��yë`îPÝfÂµÎ�ó f 3F a Ý�5Â�	Q�u h ��yë`��ÕÝfÂu�¿�y8!ÝóC�J�ó3 a FÝ�5µ�D3�3�j�Õ·«î�&Æ;ðÎÞ h '�×��ÝóÂ�»A 0.00001�Q¡�Õ f(a+0.00001)−f(a)
0.00001

ÝfÂ�Aì%Xî�Û23ó.î�Ë�ó�b��ûÒë¬���¥P�¬hÞ;¬�Î9�Ý¥F�X|¯���
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-

6

Y

X

f(x)

f(a)

f(a+h)

a

h

a+h¨3�'�×½l�P derivative�#å×�PÎ��Õh�P3ØF a Ý�5Â�»A�|ì5½�ó f(x) = x2 3 x = 1.5 � g(x) = x3 3 x = 2.5 Ý�5�«Â�
struct Square {

double operator()(double x) const { return x * x ; }
} ;

struct Cubic {
double operator()(double x) const { return x * x * x ; }

} ;

// �Õ¿℄�ó3 x = 1.5 v|/�Ý h = 0.00001 Ý℄PÕÿ�5
double derivative( Square() , 1.5 ) ;

// �Õñ℄�ó3 x = 2.5 v| h = 0.001 Ý℄PÕÿ�5
double derivative( Cubic() , 2.5 , 0.001 ) ;

15. �¿àîÞO�ó�5Ý�P�ã¶×½l�P�¸àpñ��°75�3íá�P�R�Â¡��Õ�PÝóÂq�»A�
struct F {

double operator()(double x) const {
return x * x * x - 2 * x * x + 1 ;

}
} ;

struct G {
double operator()(double x) const { return cos(x) - x ; }

} ;

// ¿àpñ��°vR�Â 3 O F �PÝq
cout << Newton_root( F() , 3 ) << endl ;

// ¿àpñ��°vR��ǑÂï'Â¼�Õ G �PÝq
cout << Newton_root( G() ) << endl ;

16. Ø.�k�ñ±¼�B£℄0��'N×��B£℄�â��(�á.O	�
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17.8 YêÞ±¼O	�ë4Í½£℄��¶×Í�P\á�B£℄j�ã£℄ÝÏ×OR�ÞN×OÝ.ßßó���
17. Ñ;Ï 503 °ÝFÎp�P%�P»�PD�¸ÿ Plot_Function v½��|i�|�PÎ�v½X�L�PÝFÎp%��8n¸àÝ�PDAì�

// �L SIN2 �PÎ�v½ sin(x) �óÝ¿℄
struct SIN2 {

double operator()( double x ) const {
return sin(x)*sin(x) ;

}
} ;

// à#i� SIN2 �óÎ�%�y [-4,4]   /
cout << Plot_Function<SIN2,17,81>( SIN2() , "sin(x)**2" , -4 , 4 )

<< endl ;

// '� f(x) �ó sin(x)+cos(x)

double f( double x ) { return sin(x)+cos(x) ; }

// ®ß foo Î��i� f(x) �óy [-4,4]   /
Plot_Function<double(*)(double),17,81> foo( f , "sin(x)+cos(x)" ,

-4 , 4 ) ;

// í� foo Î�, Çi� f(x) %�
cout << foo << endl ;�º��|î3�L foo Î�`�double(*)(double) f(x) �Píá Plot_

Function /Ýø�l½�
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