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1.1
Alexander Stepanov
Stepanov
1.2 STL
1985 Stepanov Ada C++ 1987
(Template) C++ 1988 Stepanov  HP
1992 Alexander Stepanov
Meng Lee (STL Standard Template Library)
STL

1.3STL  ANSI/ISO C++

1994 7 14 ANSI/ISO C++ STL Microsoft
Visual C++ 5.0 Borland C++ 4.0 STL STL
STL
1.4

STL C++

step-by-step STL
STL

~N o 0o~ WODN



KRR

uml.org.cn

2 C++

2.1

class shape
{
private:
int X_pos;
inty_pos;
int color;
public:
shape() : x_pos(0), y_pos(0), color(1) {}
shape(int x, inty, int c = 1) : x_pos(x), y_pos(y), color(c) {}
shape(const shape& s) : X_pos(s.X_pos), y_pos(s.y_pos), color(s.color) {}

~shape() {}

shape& operator=(const shape& s)

{

X_pos = $.X_pos;

y_p0S =S.y_pos;
color = s.color;
return *this;

int get_x_pos() { return x_pos; }
int get_y pos() { returny_pos; }

int get_color() { return color; }
void set_x_pos(int xX) { x_pos = x; }
void set_ y pos(inty) {y _pos=y;}
void set_color(int c) { color =c¢; }

virtual void DrawShape() {}

friend ostream& operator<<(ostreamé& os, const shape& s);

j

ostream& operator<<(ostream& 0s, const shape& s)

{
0s << “shape: (* <<8.X_pos << “,” <<8.y_pos << “,” << s.color << *)”;
return os;

}
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- (default constructor) (copy constructor) (destructor)
- (operator overloading)

- (virtual function)

- put-to (operator <<)

- (friend) inline

C++
2.2 (Function Objects)
(function object) (funiton-call operator
operator())
class less
{
public:
less(int v) : val(v) {3
int operator()(int v)
{
return v < val;
¥
private:
int val;
j
less
less less_than_five(5);
function-call operator val

cout << *2 is less than 5: “ << (less_than_five(2) ? “yes” : “no™);
2 is less than 5: yes

STL STL
(container)

2.3 (Template)

2.3.1

void swap(int& a, int& b)
{

inttmp = a;
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a=b;
b = tmp;
}
swap
float long char shape

(template)
template <class T>
void swap(T& a, T& b)
{
Ttmp =a;
a=b;
b=tmp

T
inta=3,b=5;

shape MyShape, YourShape;
float fa = 3.01, fb = 5.02;
swap(a, b); //

swap(MyShape, YourShape); //
swap(fa, tb); //

template <class T>
T& min(T& a, T& b) //
{
returna<b?a:b;
}
template <class T>
void pritn_to_cout(char* msg, T& obj) // cout
{

cout << msg << *: * << obj << endl;

T put-to (operator <<)

2.3.2

(stack)
stack
(vector)
template <class T>
class vector

{
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T* v,
int sz;

public:
vector(ints) { v=new T[sz =¢]; }
~vector() { delete [] v; }
T& operator[] (int i) { return V[i]; }
int get_size() { return sz; }

¥

vector
vector<int> int_vector(10);
vector<char> char_vector(10);
vector<shape> shape_vector(10);

2.3.3
“c (template specialization)”” shape
vector vector
class vector<shape>
{
shape v;
public:
vector(shape& s) : v(s) {}
shape& operator[] (int i) { return v; }
int get_size() { return 1; }
j
shape MyShape;
vector<shape> single_shape_vector(MyShape);
STL
3STL
STL (component library) (container
) STL
STL STL

i int, double, char, ...

sort, merge, serarch, ... array, linked-list ...
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(int, double, char, ...)

(array, linked-list, ...) (sort, merge, search, ...)
i*j*k double
double linked-list
(i) "k
array linked-list

j+k

STL

STL 5
- (Algorithm) (container)
- (Container)
- (Iterator) (algorithm-access to containers)
- (Function Object) (operator())
- (Adaptor) ( list stack)
3.1 STL

STL FTP

HP (Alexander Stepanov  Meng Lee) ---
ftp://butler.hpl.hp.com/stl/
STL  WWwWW

David Mussers ~ STL
http://www.cs.rpi.edu/~musser/stl.html
Link2go C++
http://www.links2go.com/topic/C_and_C++_ Programming_Languages
3 STL

3.2 STL

[6]
The Standard Template Libray , Alexander Stepanov & Meng Lee, 1995-10-31
ZIP Alexander Stepanov Meng Lee <<The Standard Template
Library>>(1995-10-31 ) STL STL
( ) ZIP STL
VC++ STL
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3.3 STL
Borland C++4.0 STL Microsoft Visual C++ 5.0
STL (VC++4.2 STL VC++6.0
N
STL
/IMyFile.cpp

#include “stdafx.h”
#include <vector> //include STL
using namespace std; // STL std

void F1()
{

vector <int>v(10); // STL

4 STL

4.1 (Container)

(Container) STL
STL (Sequence Container) (Associative Container)
STL
(Vector) (List) (Deque)
KEY
STL KEY Value (Set)
(Map) KEY (MultiSet)
(MultiMap)
STL
(Sequence Container) (Vector)
(Deque)
(List)
(Associative Container) (Set)
(MultiSet)
(Map)
(MultiSet)
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4.1.1 (Vector)

shape C++
shape my_shapes[max_size];
max_size my_shapes
STL
#include <vector>
using namespace std;

int main()
{
vector<shape> my_shapes;
... my_shapes...
return O;
}
#inlucde using namespace std main()
vector max_size()
vector<shape>::size_type max_size = my_shapes.max_size();
size()
vector<shape>::size_type size = my_shapes.size();
size_type vector value_type
cout << “value type: “ << typeid(vector<float>::value_type).name();
value type: float
capacity() vector
vector<int> v;
vector<int>::size_type capacity = v.capacity();
vector [
vector<int> v(10);
v[0] = 101,
10 vector
push_back() vector
v.push_back(3);
insert()
v.insert(v.end(), 3);
insert() (iterator)
insert()
(Iterator) Iterator (pointer) iterator
operator* Iterator
vector<int> v(3);
v[0] =5;
v[1] =2;
v[2] =7,

10
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vector<int>::iterator first = v.begin();
vector<int>::iterator last = v.end();

while (first != last)
cout << *first++ << “ *;

527
begin() vector iterator end()
iterator past the last element STL past-the-end iterator
begin() iterator end() iterator
John Tom Peter Andy

N\

A \ A

value_type

[being(), end() )

STL STL

sort(begin_iterator, past_the_end_iterator);
path-the-end
(algorithm) (container)

(Algorithm)

Iterator Iterator Iterator

(Container)

vector
vector

11
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vector<float> v(5, 3.25); // 5 3.25

vector<float> v_newl(v);

vector<float> v_new2 =v;

vector<float> v_new3(v.begin(), v.end());
vector operator==

vector

empty() vector

front() vector

back() vector

pop_back()

erase() iterator iterator

(container)
(Iterator)

4.2 (Iterator)

(Iterator) (pointer)
( ) STL 5

A 4
A 4

(Bidirctional Iterator) (Random Access Iterator)

4.2.1

(Input Iterator)
- constructor
- assignment operator
- equality/inequality operator
- dereferenc operator
- pre/post increment operator

V = *X++
V=*X, ++X
V =*X, X++

12



(Output Iterator)
- constructor
- assignment operator
- dereferenc operator
- pre/post increment operator
X \% X

X+ =V
*X =V, ++X
*X=V, X++

(increment)

4.2.2

(Forward Iterator)
- constructor
- assignment operator
- equality/inequality operator
- dereferenc operator
- pre/post increment operator
r s ==s ++r==++s
*X=V,V=*X
template <class Forwardlterator, class T>
Forwardlterator find_linear(Forwardlterator first, Forwardlterator last, T& value)
{
while (first != last)
if (*first++ == value)
return first;
return last;

find_linear()

past-the-end
vector<int> v(3, 1);
v.push_back(7); //vectorv: 1 1 1 7
vector<int>::iterator i = find_linear(v.begin(), v.end(), 7);
if (i I= v.end())

cout << *j;
else

cout << “NOT FOUND”;

7

13
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4.2.3

(Bidirectional Iterator)
- pre/post decrement operator
++ -- (pass through)

(multi-pass) (Bubble Sort)
template <class Bidirectionallterator, class Compare>
void bubble_sort(Bidirectionallterator first, Bidirectionallterator last, Compare comp)
{
Bidirectionallterator left_el = first, right_el = first;
right_el++;

while (first != last)
{
while (right_el != last)
{
if (comp(*right_el, *left_el))
iter_swap(left_el, right_el);
right_el++;
left_el++;
}
last--;
left_el = first;
right_el = first;
right_el++;

Compare (true/false)
list<int> I; // list vector I
1l list
bubble_sort(l.begin(), l.end(), less<int>()); //
bubble_sort(l.begin(), l.end(), greater<int>()); //

4.2.4

(Random Access lterator)
- opetrator+(int)
- opetrator+=(int)
- opetrator-(int)
- opetrator-=(int)
- opetrator-(random access iterator)
- opetrator[](int)

14
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- opetrator>(random access iterator)
- opetrator<(random access iterator)
- opetrator>=(random access iterator)
- opetrator<=(random access iterator)

4.3

STL
(generic algorithm)

4.3.1

(generic bianry search algorithm)

const int* binary_search(const int* array, int n, int x)
{
const int* lo = array, *hi = array+n, *mid,;
while (lo != hi)
{
mid = lo+(hi-10)/2;
if (x ==*mid)
return mid;
if (x <*mid)
hi = mid,;
else
lo = mid+1;
}

return O;

template <class T>
const T* binary_search(const T* array, int n, const T& x)

{
const T* lo = array, *hi = array+n, *mid;
while (lo != hi)
{
mid = lo+(hi-10)/2;
if (x ==*mid)
return mid;
if (x <*mid)
hi = mid;

15
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else
lo = mid+1;
}
return O;
}
NULL (0)
array+n (
past-the-end)
template <class T>
const T* binary_search(const T* array, int n, const T& x)
{
const T* lo = array, *hi = array+n, *mid;
while (lo != hi)
{
mid = lo+(hi-10)/2;
if (x ==*mid)
return mid;
if (x < *mid)
hi = mid;
else
lo = mid+1;
}
return array+n;
}
past-the-end
template <class T>
const T* binary_search(T* first, T* last, const T& value)
{
const T* lo = first, *hi = last, *mid;
while (lo != hi)
{
mid = lo+(hi-l0)/2;
if (value == *mid)
return mid;
if (value < *mid)
hi = mid;
else
lo = mid+1;
}
return last;
}
first  last T
(Iterator) first  last

““RandomAccesslterator””

16
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template <class RandomAccesslterator, class T>
RandomAccesslterator binary_search(RandomAccesslterator first, RandomAccesslterator last,
const T& value)

{
RandomAccesslterator not_found = last, mid;
while (first != last)
{
mid = first+(last-first)/2;
if (value == *mid)
return mid;
if (value < *mid)
last = mid;
else
first = mid+1;
}
return not_found;
}

(build in types)
int x[10]; // 10
int search_value; //

1l
int* i = binary_search(&x[0], &x[10], search_value);
if (i == &x[10])

cout << “value NOT FOUND”;
else

cout << *value found”;

STL

43.2STL

STL

(Group) (Algorithm Type)
1 (Non-mutating sequence Operations)
2 (Mutating sequence Operations)
3 (Sorting and related Operations)
4 (Generalized numeric Operations)
Groupl Group2 Group3
Groupl Group4
Groupl “ (for_each)”~
[first, last) Function

template <class Inputlterator, class Function>

17
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Function for_each(Inputlterator first, Inputlterator last, Function f) {
while (first 1= last) f(*first++);
return f;

for_each
template <class T>
class sum_up
{
public:
void operator() (const T& value) { sum += value; }
const T& read_sum() { return sum; }
private:
static T sum;

j
int sum_up<int>::sum = 0;

void main()
{
deque<int>d(3, 2); // 33
sum_up<int>s;
for_each(d.begin(), d.end(), s);
cout << s.read_sum();

}
6 sum_up operator STL
Groupl “ (Find)>~> == (Adjacent find)>~ <<
(Count)~~=<* (Mismatch)>> << (Equal)>>== (Search)>~
_if (Predicate) find
find_if
Group2 “ (Copy) ™~ <= (Swap)~~ <= (Transform)== <=
(Replace)™ == (Filly== == (Generate)~> “* (Remove)>> <= (Unique)~~
“ (Reverse)™> == (Rotate)”~ <= (Random shuffle)*> << (Partitions)>”
_copy
replace  replace_copy
Group3 operator<

“ (sort)””
void sort(RandomAccesslterator first, RandomAccesslterator last);
void sort(RandomAccesslterator first, RandomAccesslterator last, Compare comp) ;
Group3 ““ N (Nth element)”” <« (Binary Search)?” “¢
(Merge)”~>  “© (Set operations on sorted structures)”” “© (Heap
Operations) > “* (Minimum and Maximum) ~~” (Lexicographical

18
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comparison)”>  ““ (Permutation generator)””
Group4 “« (Accumulate)”> “ (Inner
product)”” “< (Partial sum)>~  “* (Adjacent difference)””
STL
( )
4.4 (Adaptor)
(Adaptor) (Adaptors are template classes that provide

interface mappings)

4.4.1

(Stack)
(vector) (list) (deque)

stack<vector<int>> s1;
stack<list<int>>  s2;
stack<deque<int>> s3;

“ (empty)>> “* (Size)>> == (top)>~ “* (push)?=> ==
(pop)™~
(Queue)
(list) (deque) ( vector container
queue vector pop_front!)

queue<list<int>> ql;
queue<deque<int>>q2;
“ (empty)>” “* (Size)”> == (front)>> = (backt)”” <<
(push)™> ** (pop)™~

(Priority Queue)

(vector) (deque) ( list container
queue list iterator pop random
access iterator 1)
priority_queue<vector<int>, less<int>> pgl; /1 less<int>
priority_queue<deque<int>, greater<int>> pg2; 1 greater<int>
¢ (empty)” *=  (Size)™* ** (top)>> == (push)* =*
(pop)*~

19
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4.4.2

(Reverse Iterator)

(vector, list  deque)
rbegin() rend()
list<int> [;
for (inti=1;i<5;i++)
I.push_back(i);
copy(l.rbegin(), l.rend(), ostream_iterator<int> (cout, “ *));
4321

(Insert lterator)

STL
- (back_insert_iterator)
- (front_insert_iterator)
- (insert_iterator)
STL
- back_inserter
- front_inserter

- inserter
(Raw Storage lIterator)
443
(Negator)
notl not2
(Predicate)
(Binder)
STL bindlst  bind2nd
(Adaptors for pointers to function)
STL (function object)
C++ ptr_fun ptr_fun(strcmp)
strcmp STL
4.5

20



- (ptrdiff_t)
- (size_t)

STL (allocator)
alllocator
STL allocator
allocator
- allocate
- deallocate
- construct
- destroy

S| STL

5.1

STL (contianer)
(allocator)

allocator
(algorithm)
STL
(function object)

(adaptor)

STL

5.2 (Vector)

vector
reserve

STL (container)
(allocator)
allocator Container allocator
( ) contianer
(iterator)
STL
reserve()

21
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5.3 (List)
(vector) (list) ( M ) list
vector begin end rbegin rend push_back pop_back list
push_front pop_front splice merge
(reverse) (sort) (unique)
54 (Deque)
vector (Deque) push_front

pop_front insert push earse pop

5.5 (Iterator Tag)

(iterator) iterator_tag() (category

tag)
STL 5 input_iterator_tag output_iterator_tag forward_iterator_tag
bidirectional_iterator_tag random_access_iterator_tag
( )
5.6 (Container)
(Associative Container) (Key)
(vector list deque)

(Key) (
tree) STL (set) (multiset) (map)
(multimap)

set map (unique key) KEY (
) multiset  multimap (equal key)
KEY set(multiset)  map(multimap) set(multiset)

KEY map(multimap) Key

class employee_data

{

public:
employee_data() : name(*”), skill(0), salary(0) {}
employee_data(string n, int s, long sa) : name(n), skill(s), salary(sa) {}

stirng name; //
int skill; //

22
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long salary; //

friend ostream& operator<<(ostreamé& os, const employee_data& e);

j
ostreamé& operator<<(ostream& 0s, const employee_data& €)
{
0s << “employee: “ << e.name << “ “ << e.skill << * “ << e.salary;
return os;
}
set(multiset) KEY
class employee
{
public:
employee(int ii, const employee_data& e) : identification_code(i), description(e) {}
int identification_code; //
employee_data description;
bool operator<(const employee& e) const
{
return identification_code < e.identification_code;
}
¥

set(multiset)
set<employee, less<employee>> employee_set;
multiset<employee, less<employee>> employee_multiset;
employee Key type Value type

map(multimap)
map<int, employee_data, less<int>> employee_map;
multimap<int, employee_data, less<int>> employee_multimap;

Key type int Value type  employee_data
begin, end, rbegin, rend, empty, size, max_size, swap

insert erase insert

employee_data ed1(*“john”, 1, 5000); // John
employee_data ed2(“tom”, 5, 2000); // tom
employee_data ed3(“mary”, 2, 3000); // mary

employee e1(1010, edl); // John 1010(KEY)
employee €2(2020, ed2); // tom 2020(KEY)
employee e3(3030, ed3); // mary 3030(KEY)
employee_set.insert(el); // John

23
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employee_set.insert(el); // John
John  Tom ( 101) Mary ( 102)
multimap
employee_multimap.insert(make_pair(101, ed1)); // 101 John
employee_multimap.insert(make_pair(101, ed2)); // 101 Tom
employee_multimap.insert(make_pair(102, ed3)); // 102 Mary
101 2
multimap<int, employee_data, less<int>>::size_type count = employee_multimap.count(101);
STL

STL HP
/*
*
* Copyright (c) 1994
* Hewlett-Packard Company
*
* Permission to use, copy, modify, distribute and sell this
* software and its documentation for any purpose is hereby
* granted without fee, provided that the above copyright notice
* appear in all copies and that both that copyright notice and
* this permission notice appear in supporting documentation.
* Hewlett-Packard Company makes no representations about the
* suitability of this software for any purpose. It is provided
* "as is" without express or implied warranty.
*/

STL #include <vector>
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[4] Standard Template Library Reference
Rensselaer Polytechnic Institute, 1994
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The STL Online Algorithm Reference
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The Standard Template Library Tutorial, Johannes Weidl, 1996-04-26

The Standard Template Libray , Alexander Stepanov & Meng Lee, 1995-10-31

Johannes Weidl  <<The Standard Template Library Tutorial>>

STL ( 56 )

VC++4.2 STL VC++5.0

4.2 VC6.0 STL
MSDN Libray (April 1999) STL 118 STL
STL (MSDN 748-domain
\Soft_library\MSDN1\Library\199904\Setup ““VC++ Document®” STL
STL MFC MFC CArray

C/IC++ Unix  Linux STL

STL
STL

STL STL C++
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