
The Standard LibraryWolfgang ShreinerWolfgang.Shreiner�ris.jku.atResearh Institute for Symboli Computation (RISC)Johannes Kepler University, Linz, Austriahttp://www.ris.jku.at

Wolfgang Shreiner http://www.ris.jku.at 1/106
1. General2. Sequene Containers3. Iterators4. Adaptors5. Assoiative Containers6. AlgorithmsWolfgang Shreiner http://www.ris.jku.at 2/106The Standard LibrarySet of headers with delarations.#inlude <name >Headers need not be physial �les (do not use <name.h>).Almost all names are in namespae std.using namespae std;Only exeptions are global operators new and delete (header <new>).Provides lot of basi funtionality.Numeris.Input/Output.Containers, iterators, algorithms.We will look at these in more detail.For e�etive programming, it is important to know not only aprogramming language but also the assoiated basi libraries.Wolfgang Shreiner http://www.ris.jku.at 3/106

C Library WrappersFor bakward ompatibility, the entire C standard library is inluded.C++ Header C Header<stdio> <stdio.h><stdlib> <stdlib.h><string> <string.h><math> <math.h>. . . . . .Use of C++ header (plaes name in namespae std)#inlude <stdio>int main() { std::printf("Hello, world"); }Use of C header (plaes name in global namespae)#inlude <stdio.h>int main() { printf("Hello, world"); }The C++ library provides better alternatives for writing new appliations.Wolfgang Shreiner http://www.ris.jku.at 4/106



Traits and PoliiesThe standard library makes heavy use of traits and poliies.Trait: a lass that provides information about a type.By type de�nitions and/or stati member data in the trait.Poliy: a trait that also de�nes an operational interfae for the type.By stati member funtions in the poliy.Often implemented as speializations of dummy templates.template <type T> lass Trait { }; // dummy trait templatetemplate<> lass Trait<int> { ... }; // trait for type "int"Thus the trait for a type an be dedued from the name of a type.Mainly used as template arguments.template<lass C, lass T = Trait<C> >lass Lib { ... C ... T::member ... };Template thus reeives required information about type parameter.Sine trait holds information, atomi type an be template argument.Many standard types are instantiations of templates with traits/poliies.Wolfgang Shreiner http://www.ris.jku.at 5/106
Example: Class stringC++ strings are atually parameterized over the harater type.// header <string>template<typename harT> strut har_traits;template<> strut har_traits<har> { ... }template<lass harT, lass traits = har_traits<harT>, ... >lass basi_string { ... }typedef basi_string<har> string;Wide harater type: whar_tNarrow harater type har is only one byte large.whar_t is typially 32 bit large and may hold any Uniode harater.whar_t pi = '\u030'; // greek harater "pi"Wide strings: another string type provided by the library.template<> strut har_traits<whar_t> {...}typedef basi_string<whar_t> wstring;The whole library (also I/O) works with any harater type.Wolfgang Shreiner http://www.ris.jku.at 6/106Example: Strings that Ignore Casestemplate<typename T> strut i_har_traits { };template<> strut i_har_traits<har> {typedef har har_type; typedef int int_type;typedef std::streamoff off_type; typedef std::streampos pos_type;typedef std::mbstate_t state_type;stati void assign(har_type& dst, onst har_type sr) { dst = sr; }stati har_type* assign(har* dst, std::size_t n, har ){ return stati_ast<har_type*>(std::memset(dst, n, )); }stati bool eq(onst har_type& 1, onst har_type& 2){ return lower(1) == lower(2); }stati bool lt(onst har_type& 1, onst har_type& 2){ return lower(1) < lower(2); }stati int ompare(onst har_type* s1, onst har_type* s2, std::size_t n) {for (size_t i = 0; i < n; i++) {har_type l1 = lower(s1[i℄); har_type l2 = lower(s2[i℄);if (l1 < l2) return -1; if (l1 > l2) return +1;}return 0;}stati int_type lower(har_type ) { return std::tolower(to_int_type()); }...};Wolfgang Shreiner http://www.ris.jku.at 7/106

Example (Contd)typedef std::basi_string<har, i_har_traits<har> > i_string;int main(){ i_string s1 = "Hello, World";i_string s2 = "hello, world";std::out << (s1 == s2); // "true";}Ray Lishner �C++ in a Nutshell�.
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AlloatorsThe standard library is also generi with respet to memory management.Alloator: a poliy for managing dynami memory.Use of new and dispose is not hard-wired in the standard library.The library provides a standard alloator// header <memory>template <lass T> lass alloator { ...}Standard library lasses use this alloator by default// header <string>template<lass harT, lass traits = har_traits<harT>,lass Allo = alloator<harT> >lass basi_string { ...}Other alloation shemes are possibletemplate<> lass alloator<int> {...} // globally usedlass MyCharAlloator {...} // seletively usedtypedef basi_string<har, har_traits<har>,MyCharAlloator> mystring;Wolfgang Shreiner http://www.ris.jku.at 9/106
Exampletemplate<typename T> lass myalloator {publi:typedef std::size_t size_type; typedef std::ptrdiff_t differene_type;typedef T* pointer; typedef onst T* onst_pointer;typedef T& referene; typedef onst T& onst_referene;typedef T value_type;template <lass U> strut rebind { typedef myalloator<U> other; };myalloator() throw() {}myalloator(onst myalloator&) throw() {}template <lass U> myalloator(onst myalloator<U>&) throw() {}~myalloator() throw() {}pointer address(referene x) onst {return &x;}onst_pointer address(onst_referene x) onst {return &x;}pointer alloate(size_type n, void* hint = 0){ return stati_ast<T*>(::operator new (n * sizeof(T)) ); }void dealloate(pointer p, size_type n){ ::operator delete(stati_ast<void*>(p)); }size_type max_size() onst throw(){ return std::numeri_limits<size_type>::max() / sizeof(T); }void onstrut(pointer p, onst T& val) { new(stati_ast<void*>(p)) T(val); }void destroy(pointer p) { p->~T(); }};Wolfgang Shreiner http://www.ris.jku.at 10/106Example (Cntd)template<> lass myalloator<void> {publi:typedef void* pointer; typedef onst void* onst_pointer;typedef void value_type;template <lass U> strut rebind { typedef myalloator<U> other; };};template<typename T>bool operator==(onst myalloator<T>&, onst myalloator<T>&) { return true; }template<typename T>bool operator!=(onst myalloator<T>&, onst myalloator<T>&) { return false; }int main() {std::list<int, myalloator<int> > data;data.push_bak(10);data.push_bak(20);return data.size();}Ray Lishner �C++ in a Nutshell�.Wolfgang Shreiner http://www.ris.jku.at 11/106

Standard Template Library (STL)The ore of SGI's STL was integrated into the C++ standard.Containers: template lasses that hold arbitrary kinds of items.Vetors, double ended queues, lists, (multi)sets, multi(maps), bitsets.Sequene ontainers: preserve order in whih items are added.Assoiative ontainers: fast searh by sorting items aording to keys.Adaptors: template lasses that provide abstrat ontainer interfaes.Staks, queues, priority queues.Iterators: (abstrations of) ontainer pointers/indies.Identify (ranges of) elements in ontainer.Same ode may be used for proessing di�erent kinds of ontainers.Algorithms: template funtions that implement ommon algorithms.Proessing, sorting, searhing, merging, . . .Based on iterators, appliable to all kinds of ontainers.The workhorse of generi programming in C++.Wolfgang Shreiner http://www.ris.jku.at 12/106



Containers (plusplus.om)
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Example: A Vetor Program#inlude <iostream>#inlude <vetor>#inlude <algorithm>using namespae std;void print(int i) { out << i << endl; }int main (){ int values[℄ = {75, 23, 65, 42, 14};vetor<int> ontainer(values, values+5); // pointers as iterators// iteratate over ontainerfor (vetor<int>::iterator it = ontainer.begin(); it != ontainer.end(); it++)out << *it << endl;// use algorithm for iterationfor_eah(ontainer.begin(), ontainer.end(), print);return 0;}Wolfgang Shreiner http://www.ris.jku.at 14/106Example: A List Program#inlude <iostream>#inlude <list>#inlude <algorithm>using namespae std;void print(int i) { out << i << endl; }int main (){ int values[℄ = {75, 23, 65, 42, 14};list<int> ontainer(values, values+5); // pointers as iterators// iteratate over ontainerfor (list<int>::iterator it = ontainer.begin(); it != ontainer.end(); it++)out << *it << " ";// use algorithm for iterationfor_eah(ontainer.begin(), ontainer.end(), print);return 0;}Wolfgang Shreiner http://www.ris.jku.at 15/106
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Sequene ContainersStrit linear sequenes of elements<vetor>: lass template vetorDynami arrays.<deque>: lass template deque (�dek�)Double-ended queues.<list>: lass template listDoubly-linked lists.Common operationsBasi: onstrutor, destrutor, operator=.Iterators: begin, end, rbegin, rend.Capaity: size, max_size, empty, resize.Sequential aess: front, bak.Random aess (not list) operator[℄, at.Modi�ers: assign, insert, erase, swap, lear.Modify end: push_bak, pop_bak.Modify begin (not vetor): push_front, pop_front.Similar interfaes, operations vary in performane.Wolfgang Shreiner http://www.ris.jku.at 17/106
Class Template vetorplusplus.om: �C++ Referene�.template < lass T, lass Alloator = alloator<T> > lass vetor;Vetor ontainers are implemented as dynami arrays; Just as regular arrays,vetor ontainers have their elements stored in ontiguous storage loations,whih means that their elements an be aessed not only using iterators butalso using offsets on regular pointers to elements.But unlike regular arrays, storage in vetors is handled automatially,allowing it to be expanded and ontrated as needed.Vetors are good at:* Aessing individual elements by their position index (onstant time).* Iterating over the elements in any order (linear time).* Add and remove elements from its end (onstant amortized time).Compared to arrays, they provide almost the same performane for these tasks,plus they have the ability to be easily resized. Although, they usuallyonsume more memory than arrays when their apaity is handled automatially(this is in order to aomodate for extra storage spae for future growth).Wolfgang Shreiner http://www.ris.jku.at 18/106Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <vetor>using namespae std;int main () {vetor<int> myvetor (10);vetor<int>::size_type sz = myvetor.size();for (unsigned int i=0; i<sz; i++) myvetor[i℄=i;for (unsigned int i=0; i<sz/2; i++) { // reverse vetor using operator[℄int temp = myvetor[sz-1-i℄;myvetor[sz-1-i℄=myvetor[i℄;myvetor[i℄=temp;}for (unsigned int i=0; i<sz; i++) out << " " << myvetor[i℄;return 0;}9 8 7 6 5 4 3 2 1 0Wolfgang Shreiner http://www.ris.jku.at 19/106

Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <vetor>using namespae std;int main () {vetor<int> myvetor;myvetor.push_bak(10);while (myvetor.bak() != 0){ myvetor.push_bak ( myvetor.bak() -1 );}for (unsigned i=0; i<myvetor.size() ; i++)out << " " << myvetor[i℄;return 0;}10 9 8 7 6 5 4 3 2 1 0Wolfgang Shreiner http://www.ris.jku.at 20/106



Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <vetor>using namespae std;int main (){ vetor<int> myvetor; // vetor with 10 elementsfor (unsigned int i=1;i<10;i++) myvetor.push_bak(i);myvetor.resize(5); // shrink to size 5myvetor.resize(8,100); // extend to size 8, fill with 100myvetor.resize(12); // extend to size 12, fill with 0for (unsigned int i=0;i<myvetor.size();i++)out << " " << myvetor[i℄;}1 2 3 4 5 100 100 100 0 0 0 0Wolfgang Shreiner http://www.ris.jku.at 21/106
Class vetor<bool>The vetor lass template has a speial template speialization for the booltype. This speialization is provided to optimize for spae alloation: Inthis template speialization, eah element oupies only one bit (whih iseight times less than the smallest type in C++: har).The referenes to elements of a bool vetor returned by the vetor members arenot referenes to bool objets, but a speial member type whih is areferene to a single bit, defined inside the vetor<bool> lassspeialization as:lass vetor<bool>::referene {friend lass vetor;referene(); // no publi onstrutorpubli:~referene();operator bool () onst; // onvert to boolreferene& operator= ( onst bool x ); // assign from boolreferene& operator= ( onst referene& x ); // assign from bitvoid flip(); // flip bit value.}For a similar ontainer lass to ontain bits, but with a fixed size, see bitset.Wolfgang Shreiner http://www.ris.jku.at 22/106Class bitset#inlude <iostream>#inlude <string>#inlude <bitset>using namespae std;int main () {bitset<4> first (string("1001"));bitset<4> seond (string("0011"));out << (first^=seond) << endl; // 1010 (XOR,assign)out << (first&=seond) << endl; // 0010 (AND,assign)out << (first|=seond) << endl; // 0011 (OR,assign)out << (~seond) << endl; // 1100 (NOT)out << (seond<<1) << endl; // 0110 (SHL)out << (seond>>1) << endl; // 0001 (SHR)out << (first==seond) << endl; // false (0110==0011)out << (first!=seond) << endl; // true (0110!=0011)out << (first&seond) << endl; // 0010out << (first|seond) << endl; // 0111out << (first^seond) << endl; // 0101return 0;}Wolfgang Shreiner http://www.ris.jku.at 23/106

Class Template dequeplusplus.om: �C++ Referene�.template < lass T, lass Alloator = alloator<T> > lass deque;Deques may be implemented by speifi libraries in different ways, but in allases they allow for the individual elements to be aessed through randomaess iterators, with storage always handled automatially (expanding andontrating as needed).Deque sequenes have the following properties:* Individual elements an be aessed by their position index.* Iteration over the elements an be performed in any order.* Elements an be effiiently added and removed from any of its ends(either the beginning or the end of the sequene).Therefore they provide a similar funtionality as the one provided by vetors,but with effiient insertion and deletion of elements also at the beginningof the sequene and not only at its end. On the drawbak side, unlikevetors, deques are not guaranteed to have all its elements in ontiguousstorage loations, eliminating thus the possibility of safe aess throughpointer arithmetis.Wolfgang Shreiner http://www.ris.jku.at 24/106



Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <deque>using namespae std;int main (){ deque<int> mydeque (2,100); // two ints with a value of 100mydeque.push_front (200);mydeque.push_front (300);for (unsigned i=0; i<mydeque.size(); ++i)out << " " << mydeque[i℄;return 0;}300 200 100 100Wolfgang Shreiner http://www.ris.jku.at 25/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <deque>using namespae std;int main () {deque<int> mydeque;mydeque.push_bak (100);mydeque.push_bak (200);mydeque.push_bak (300);while (!mydeque.empty()) {out << " " << mydeque.front();mydeque.pop_front();}out << "\nFinal size of mydeque is " << int(mydeque.size()) << endl;return 0;}100 200 300Final size of mydeque is 0Wolfgang Shreiner http://www.ris.jku.at 26/106Class Template listplusplus.om: �C++ Referene�.template < lass T, lass Alloator = alloator<T> > lass list;List ontainers are implemented as doubly-linked lists; doubly linked listsan store eah of the elements they ontain in different and unrelatedstorage loations. The ordering is kept by the assoiation to eah element ofa link to the element preeding it and a link to the element following it.This provides the following advantages to list ontainers:* Effiient insertion/removal of elements in the ontainer (onstant time).* Effiient moving elements within the ontainer (onstant time).* Iterating over the elements in forward or reverse order (linear time).Compared to other base standard sequene ontainers (vetors and deques),lists perform generally better in inserting, extrating and moving elementsin any position within the ontainer, and therefore also in algorithms thatmake intensive use of these, like sorting algorithms.The main drawbak of lists ompared to these other sequene ontainers is thatthey lak diret aess to the elements by their position ...Wolfgang Shreiner http://www.ris.jku.at 27/106

Exampleplusplus.om: �C++ Referene�.// reversing vetor#inlude <iostream>#inlude <list>using namespae std;int main (){ list<int> mylist;for (int i=1; i<10; i++) mylist.push_bak(i);mylist.reverse(); // additional member funtion of listfor (list<int>::iterator it=mylist.begin(); it!=mylist.end(); ++it)out << " " << *it;return 0;}9 8 7 6 5 4 3 2 1Wolfgang Shreiner http://www.ris.jku.at 28/106



1. General2. Sequene Containers3. Iterators4. Adaptors5. Assoiative Containers6. AlgorithmsWolfgang Shreiner http://www.ris.jku.at 29/106
Iteratorsplusplus.om: �C++ Referene�.Header <iterator>In C++, an iterator is any objet that, pointing to some element in a range ofelements (suh as an array or a ontainer), has the ability to iteratethrough the elements of that range using a set of operators (at least, theinrement (++) and dereferene (*) operators).The most obvious form of iterator is a pointer: A pointer an point toelements in an array, and an iterate through them using the inrementoperator (++). But other forms of iterators exist. For example, eahontainer type (suh as a vetor) has a speifi iterator type designed toiterate through its elements in an effiient way.Notie that while a pointer is a form of iterator, not all iterators have thesame funtionality a pointer has; to distinguish between the requirements aniterator shall have for a speifi algorithm, five iterator ategories exist:RandomAess -> Bidiretional -> Forward -> Input-> OutputWolfgang Shreiner http://www.ris.jku.at 30/106Iterator Categoriesplusplus.om: �C++ Referene�.* Input and output iterators are the most limited types of iterators,speialized in performing only sequential input or ouput operations.* Forward iterators have all the funtionality of input and output iterators,although they are limited to one diretion in whih to iterate through arange.* Bidiretional iterators an be iterated through in both diretions. Allstandard ontainers support at least bidiretional iterators types.* Random aess iterators implement all the funtionalities of bidiretionaliterators, plus, they have the ability to aess ranges non-sequentially:offsets an be diretly applied to these iterators without iterating throughall the elements in between. This provides these iterators with the samefuntionality as standard pointers (pointers are iterators of this ategory).Wolfgang Shreiner http://www.ris.jku.at 31/106

Iterator Operations
Wolfgang Shreiner http://www.ris.jku.at 32/106



Class <iterator>plusplus.om: �C++ Referene�.This is a base lass template that an be used to derive iterator lasses fromit. It is not an iterator lass and does not provide any of the funtionalityan iterator is expeted to have.This base lass only provides some member types, whih in fat are notrequired to be present in any iterator type (iterator types have no speifimember requirements), but they might be useful, sine they define the membersneeded for the default iterator_traits lass template to generate theappropriate iterator_traits lass automatially.template <lass Category, lass T, lass Distane = ptrdiff_t,lass Pointer = T*, lass Referene = T&>strut iterator {typedef T value_type;typedef Distane differene_type;typedef Pointer pointer;typedef Referene referene;typedef Category iterator_ategory;};CategoryCategory to whih the iterator belongs to:input_iterator_tag Input Iteratoroutput_iterator_tag Output Iteratorforward_iterator_tag Forward Iteratorbidiretional_iterator_tag Bidiretional Iteratorrandom_aess_iterator_tag Random Aess Iterator
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Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iterator>using namespae std;lass myiterator : publi iterator<input_iterator_tag, int> {int* p;publi:myiterator(int* x) :p(x) {}myiterator(onst myiterator& mit) : p(mit.p) {}myiterator& operator++() {++p;return *this;}myiterator& operator++(int) {p++;return *this;}bool operator==(onst myiterator& rhs) {return p==rhs.p;}bool operator!=(onst myiterator& rhs) {return p!=rhs.p;}int& operator*() {return *p;}};int main () {int numbers[℄={10,20,30,40,50};myiterator beginning(numbers); myiterator end(numbers+5);for (myiterator it=beginning; it!=end; it++) out << *it << " ";}10 20 30 40 50Wolfgang Shreiner http://www.ris.jku.at 34/106Containers and Iteratorsplusplus.om: �C++ Referene�.{vetor,deque,list}::{begin,end} publi member funtioniterator begin ();onst_iterator begin () onst;Returns an iterator referring to the first element in the ontainer.iterator end ();onst_iterator end () onst;Returns an iterator referring to the past-the-end element in thevetor ontainer.Both iterator and onst_iterator are member types.* In the vetor and dequeue lass template, these are random aess iterators.* In the list lass template, these are bidiretional iterators.Wolfgang Shreiner http://www.ris.jku.at 35/106

Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <vetor>using namespae std;int main (){ vetor<int> myvetor;for (int i=1; i<=5; i++) myvetor.push_bak(i);for ( vetor<int>::iterator it=myvetor.begin() ; it < myvetor.end(); it++ )out << " " << *it;return 0;}1 2 3 4 5Wolfgang Shreiner http://www.ris.jku.at 36/106



Advaning Iteratorsplusplus.om: �C++ Referene�.template funtion header <iterator>template <lass InputIterator, lass Distane>void advane (InputIterator& i, Distane n);Advanes the iterator i by n elements.If i is a Random Aess Iterator, the funtion uses one operator+ oroperator-, otherwise, the funtion uses repeatedly the inrease or dereaseoperator (operator++ or operator--) until n elements have been advaned.Complexity* Constant for random aess iterators.* Linear on n for other ategories of iterators.Wolfgang Shreiner http://www.ris.jku.at 37/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iterator>#inlude <list>using namespae std;int main () {list<int> mylist;for (int i=0; i<10; i++) mylist.push_bak (i*10);list<int>::iterator it = mylist.begin();advane (it,5);out << "The sixth element in mylist is: " << *it << endl;return 0;}The sixth element in mylist is: 50Wolfgang Shreiner http://www.ris.jku.at 38/106Container Constrution with Iteratorsplusplus.om: �C++ Referene�.template <lass InputIterator> vetor( InputIterator first, InputIterator last, onst Alloator& = Alloator() );template <lass InputIterator> deque( InputIterator first, InputIterator last, onst Alloator& = Alloator() );template < lass InputIterator > list( InputIterator first, InputIterator last, onst Alloator& = Alloator() );Iteration onstrutor: Iterates between first and last, setting a opy of eahof the sequene of elements as the ontent of the ontainer.With input iterators, we an initialize a ontainer by a range of elementsfrom another ontainer.
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Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <list>using namespae std;int main () {list<int> first; // empty list of intslist<int> seond (4,100); // four ints with value 100list<int> third (seond.begin(),seond.end()); // iterating through seondlist<int> fourth (third); // a opy of third// the iterator onstrutor an also be used to onstrut from arrays:int myints[℄ = {16,2,77,29};list<int> fifth (myints, myints + sizeof(myints) / sizeof(int) );for (list<int>::iterator it = fifth.begin(); it != fifth.end(); it++)out << *it << " ";}16 2 77 29Wolfgang Shreiner http://www.ris.jku.at 40/106



Reverse Iteratorsplusplus.om: �C++ Referene�.template <lass Iterator> lass reverse_iterator; header <iterator>This lass reverses the diretion a bidiretional or random aess iteratoriterates through a range.A opy of the original iterator (the base iterator) is kept internally andused to reflet all operations performed on the reverse_iterator: wheneverthe reverse_iterator is inremented, its base iterator is dereased, and vieversa. The base iterator an be obtained at any moment by alling member base.Notie however that when an iterator is reversed, the reversed version doesnot point to the same element in the range, but to the one preeding it. Thisis so, in order to arrange for the past-the-end element of a range: Aniterator pointing to a past-the-end element in a range, when reversed, ishanged to point to the last element (not past it) of the range (this wouldbe the first element of the range if reversed). And if an iterator to thefirst element in a range is reversed, the reversed iterator points to theelement before the first element (this would be the past-the-end element ofthe range if reversed).Wolfgang Shreiner http://www.ris.jku.at 41/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iterator>#inlude <vetor>using namespae std;int main () {vetor<int> myvetor;for (int i=0; i<10; i++) myvetor.push_bak(i);typedef vetor<int>::iterator iter_int; // ? 0 1 2 3 4 5 6 7 8 9 ?iter_int begin (myvetor.begin()); // ^iter_int end (myvetor.end()); // ^reverse_iterator<iter_int> rev_end (begin); // ^reverse_iterator<iter_int> rev_iterator (end); // ^for ( ; rev_iterator < rev_end ; ++rev_iterator) out << *rev_iterator << " ";return 0;}9 8 7 6 5 4 3 2 1 0Wolfgang Shreiner http://www.ris.jku.at 42/106Containers and Reverse Iteratorsplusplus.om: �C++ Referene�.{vetor,deque,list}::{rbegin,rend} publi member funtionreverse_iterator rbegin ();onst_reverse_iterator rbegin () onst;Returns a reverse iterator referring to the last element in the ontainer.reverse_iterator rend ();onst_reverse_iterator rend () onst;Both reverse_iterator and onst_reverse_iterator are member types defined asreverse_iterator<iterator> and reverse_iterator<onst_iterator> respetively.* In the vetor and dequeue lass template, these arereverse random aess iterators.* In the list lass template, these arereverse bidiretional iterators.Wolfgang Shreiner http://www.ris.jku.at 43/106

Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <vetor>using namespae std;int main (){ vetor<int> myvetor;for (int i=1; i<=5; i++) myvetor.push_bak(i);vetor<int>::reverse_iterator rit;for ( rit=myvetor.rbegin() ; rit < myvetor.rend(); ++rit )out << " " << *rit;return 0;}5 4 3 2 1Wolfgang Shreiner http://www.ris.jku.at 44/106



Container Operations with Iterators{vetor,deque,list}::* publi member funtionstemplate <lass InputIterator> void assign (InputIterator f, InputIterator l);void assign (size_type n, onst T& u);Assigns new ontent to the ontainer, dropping all the elements ontained inthe ontainer objet and replaing them by those speified by the parameters.iterator insert (iterator p, onst T& x );void insert (iterator p, size_type n, onst T& x);template <lass InputIterator>void insert (iterator p, InputIterator f, InputIterator l);The ontainer is extended by inserting new elements before position p. Thiseffetively inreases the ontainer size by the amount of elements inserted.iterator erase ( iterator position );iterator erase ( iterator first, iterator last );Removes from the list ontainer either a single element (position) or arange of elements ([first,last)). This effetively redues the list size bythe number of elements removed, alling eah element's destrutor before.Wolfgang Shreiner http://www.ris.jku.at 45/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <list>#inlude <vetor>using namespae std;int main () {list<int> mylist;for (int i=1; i<=5; i++) mylist.push_bak(i); // 1 2 3 4 5list<int>::iterator it = mylist.begin();++it; // it points now to number 2 ^mylist.insert (it,10); // 1 10 2 3 4 5// "it" still points to number 2 ^mylist.insert (it,2,20); // 1 10 20 20 2 3 4 5--it; // it points now to the seond 20 ^vetor<int> myvetor (2,30);mylist.insert (it,myvetor.begin(),myvetor.end());// 1 10 20 30 30 20 2 3 4 5// ^for (it=mylist.begin(); it!=mylist.end(); it++) out << " " << *it;return 0;}1 10 20 30 30 20 2 3 4 5Wolfgang Shreiner http://www.ris.jku.at 46/106Exampleplusplus.om: �C++ Referene�....int main () {list<unsigned int> mylist;list<unsigned int>::iterator it1,it2;for (unsigned int i=1; i<10; i++) mylist.push_bak(i*10);// 10 20 30 40 50 60 70 80 90it1 = it2 = mylist.begin(); // ^^advane (it2,6); // ^ ^++it1; // ^ ^it1 = mylist.erase (it1); // 10 30 40 50 60 70 80 90// ^ ^it2 = mylist.erase (it2); // 10 30 40 50 60 80 90// ^ ^++it1; // ^ ^--it2; // ^ ^mylist.erase (it1,it2); // 10 30 60 80 90// ^for (it1=mylist.begin(); it1!=mylist.end(); ++it1) out << " " << *it1;}10 30 60 80 90Wolfgang Shreiner http://www.ris.jku.at 47/106

Stream Iteratorsplusplus.om: �C++ Referene�.template <lass T, lass harT=har, lass traits=har_traits<harT>,lass Distane = ptrdiff_t> lass istream_iterator;Istream iterators are a speial input iterator lass designed to readsuessive elements from an input stream ... whenever operator++ is used onthe iterator, it extrats an element (with >>) from the stream.A speial value for this iterator exists: the end-of-stream; When an iteratoris set to this value has either reahed the end of the stream (operator void*applied to the stream returns false) or has been onstruted using its defaultonstrutor (without assoiating it with any basi_istream objet).template <lass T, lass harT=har, lass traits=har_traits<harT>,lass Distane = ptrdiff_t> lass ostream_iterator;Ostream iterators are a speial output iterator lass designed to write intosuessive elements of an output stream ... whenever an assignment operatoris used on the ostream_iterator (even when dereferened) it inserts a newelement into the stream. Optionally, a delimiter an be speified ononstrution whih is written to the stream after eah element is inserted.Wolfgang Shreiner http://www.ris.jku.at 48/106



Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iterator>#inlude <string>using namespae std;int main () {istream_iterator<har> eos; // end-of-range iteratoristream_iterator<har> iit (in); // stdin iteratorstring mystring;out << "Please, enter your name: ";while (iit!=eos && *iit!='\n') {mystring += *iit;iit++;}out << "Your name is " << mystring << ".\n";return 0;}Please, enter your name: HAL 9000Your name is HAL 9000.Wolfgang Shreiner http://www.ris.jku.at 49/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <iterator>#inlude <vetor>using namespae std;int main () {vetor<int> myvetor;for (int i=1; i<10; ++i) myvetor.push_bak(i*10);ostream_iterator<int> out_it (out,", ");for (vetor<int>::iterator it = myvetor.begin(); it != myvetor.end(); it++){ *out_it = *it;out_it++;}return 0;}10, 20, 30, 40, 50, 60, 70, 80, 90,Wolfgang Shreiner http://www.ris.jku.at 50/106

1. General2. Sequene Containers3. Iterators4. Adaptors5. Assoiative Containers6. AlgorithmsWolfgang Shreiner http://www.ris.jku.at 51/106
Adaptorsplusplus.om: �C++ Referene�.stak, queue and priority_queue are implemented as ontainer adaptors.Container adaptors are not full ontainer lasses, but lasses that providea speifi interfae relying on an objet of one of the ontainer lasses(suh as deque or list) to handle the elements. The underlying ontainer isenapsulated in suh a way that its elements are aessed by the members ofthe ontainer lass independently of the underlying ontainer lass used.

Wolfgang Shreiner http://www.ris.jku.at 52/106



Class Template stakplusplus.om: �C++ Referene�.template < lass T, lass Container = deque<T> > lass stak;Staks are a type of ontainer adaptors, speifially designed to operate in aLIFO ontext (last-in first-out), where elements are inserted and extratedonly from the end of the ontainer. ... Elements are pushed/popped from the"bak" of the speifi ontainer, whih is known as the top of the stak.The underlying ontainer may be any of the standard ontainer lass templatesor some other speifially designed ontainer lass. The only requirement isthat it supports the following operations:* bak()* push_bak()* pop_bak()Therefore, the standard ontainer lass templates vetor, deque and list anbe used. By default, if no ontainer lass is speified for a partiularstak lass, the standard ontainer lass template deque is used.Wolfgang Shreiner http://www.ris.jku.at 53/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <stak>using namespae std;int main () {stak<int> mystak;for (int i=0; i<5; ++i) mystak.push(i);while (!mystak.empty()) {out << " " << mystak.top();mystak.pop();}return 0;}4 3 2 1 0Wolfgang Shreiner http://www.ris.jku.at 54/106Class Template queueplusplus.om: �C++ Referene�.template < lass T, lass Container = deque<T> > lass queue;queues are a type of ontainer adaptors, speifially designed to operate in aFIFO ontext (first-in first-out), where elements are inserted into one endof the ontainer and extrated from the other. ... Elements are pushed intothe "bak" of the speifi ontainer and popped from its "front".The underlying ontainer may be one of the standard ontainer lass templateor some other speifially designed ontainer lass. The only requirement isthat it supports the following operations:* front()* bak()* push_bak()* pop_front()Therefore, the standard ontainer lass templates deque and list an beused. By default, if no ontainer lass is speified for a partiular queuelass, the standard ontainer lass template deque is used.Wolfgang Shreiner http://www.ris.jku.at 55/106

Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <queue>using namespae std;int main () {queue<int> myqueue;int myint;do { // enter integers (0 to end)in >> myint;myqueue.push (myint);} while (myint);while (!myqueue.empty()) { // print integers (in the same orderout << " " << myqueue.front(); // in whih they were entered)myqueue.pop();}return 0;}Wolfgang Shreiner http://www.ris.jku.at 56/106



Class Template priority_queueplusplus.om: �C++ Referene�.template < lass T, lass Container = vetor<T>,lass Compare = less<typename Container::value_type> > lass priority_queue;Priority queues are a type of ontainer adaptors, speifially designed suhthat its first element is always the greatest of the elements it ontains,aording to some strit weak ordering ondition. This ontext is similar toa heap where only the max heap element an be retrieved and elements an beinserted indefinitely. ... Elements are popped from the "bak" of thespeifi ontainer, whih is known as the top of the priority queue.The underlying ontainer may be any ... ontainer lass. The only requirementis that it must be aessible through random aess iterators and it mustsupport the following operations:* front()* push_bak()* pop_bak()Therefore, the standard ontainer lass templates vetor and deque an beused. By default ... the standard ontainer lass template vetor is used.Wolfgang Shreiner http://www.ris.jku.at 57/106
Class Template priority_queueplusplus.om: �C++ Referene�.template < lass T, lass Container = vetor<T>,lass Compare = less<typename Container::value_type> > lass priority_queue;template <lass T> strut less : binary_funtion <T,T,bool> {bool operator() (onst T& x, onst T& y) onst {return x<y;}};Compare is a lass suh that the expression omp(a,b), where omp is an objetof this lass and a and b are elements of the ontainer, returns true if a isto be plaed earlier than b in a strit weak ordering operation. This aneither be a lass implementing a funtion all operator or a pointer to afuntion. This defaults to less<T>, whih returns the same as applying theless-than operator (a<b).The priority_queue objet uses this expression when an element is inserted orremoved from it (using push or pop, respetively) to grant that the elementpopped is always the greater in the priority queue.Wolfgang Shreiner http://www.ris.jku.at 58/106Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <queue>using namespae std;int main () {priority_queue<int> mypq;mypq.push(30);mypq.push(100);mypq.push(25);mypq.push(40);while (!mypq.empty()) {out << " " << mypq.top();mypq.pop();}return 0;}100 40 30 25Wolfgang Shreiner http://www.ris.jku.at 59/106

1. General2. Sequene Containers3. Iterators4. Adaptors5. Assoiative Containers6. AlgorithmsWolfgang Shreiner http://www.ris.jku.at 60/106



Assoiative ContainersElements organized for fast aess by keys<set>: lass templates set and multiset.(Multi)sets of elements (elements themselves are the keys).<map>: lass templates map and multimap.Mappings of keys to (sets of) values.Common operationsMost operations of sequene ontainers.Exept sequential aess, random aess, modi�ation of beginand end of ontainer.Observers: key_omp, value_omp.Misellaneous operations: find, ount, lower_bound,upper_bound, equal_range.Chosen aording to required mathematial funtionality.Wolfgang Shreiner http://www.ris.jku.at 61/106
Class Templates set and multisettemplate < lass Key, lass Compare = less<Key>,lass Alloator = alloator<Key> > lass (multi)set;Sets are a kind of assoiative ontainers that stores unique elements, and inwhih the elements themselves are the keys. Internally, the elements in aset are always sorted from lower to higher following a speifi strit weakordering riterion set on ontainer onstrution. Sets are typiallyimplemented as binary searh trees. Therefore, the main harateristis ofset as an assoiative ontainer are:* Unique element values: no two elements in the set an ompare equal toeah other. For a similar assoiative ontainer allowing for multipleequivalent elements, see multiset.* The element value is the key itself. For a similar assoiative ontainerwhere elements are aessed using a key, but map to a value different thanthis key, see map.* Elements follow a strit weak ordering at all times. Unordered assoiativearrays, like unordered_set, are available in implementations following TR1.Multisets ... allow for multiple keys with equal values.Wolfgang Shreiner http://www.ris.jku.at 62/106Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <set>using namespae std;int main () {int myints[℄ = {75,23,65,23,42,13}; // 23 ours twieset<int> myset (myints,myints+6);myset.insert(23); // one more 23 is insertedfor ( set<int>::iterator it=myset.begin() ; it != myset.end(); it++ )out << " " << *it;return 0;}13 23 42 65 75Wolfgang Shreiner http://www.ris.jku.at 63/106

Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <set>using namespae std;int main () {int myints[℄ = {75,23,65,23,42,13}; // 23 ours twiemultiset<int> myset (myints,myints+6);myset.insert(23); // one more 23 is insertedfor ( multiset<int>::iterator it=myset.begin() ; it != myset.end(); it++ )out << " " << *it;return 0;}13 23 23 23 42 65 75Wolfgang Shreiner http://www.ris.jku.at 64/106



Class Templates map and multimaptemplate < lass Key, lass T, lass Compare = less<Key>,lass Alloator = alloator<pair<onst Key,T> > > lass (multi)map;Maps are a kind of assoiative ontainers that stores elements formed by theombination of a key value and a mapped value. In a map, the key value isgenerally used to uniquely identify the element, while the mapped value is somesort of value assoiated to this key. Types of key and mapped value may differ.Internally, the elements in the map are sorted from lower to higher key valuefollowing a speifi strit weak ordering riterion set on onstrution.Therefore, the main harateristis of a map as an assoiative ontainer are:* Unique key values: no two elements in the map have keys that ompare equalto eah other. For a similar assoiative ontainer allowing for multipleelements with equivalent keys, see multimap.* Eah element is omposed of a key and a mapped value. For a simplerassoiative ontainer where the element value itself is its key, see set.* Elements follow a strit weak ordering at all times.Maps ... implement the diret aess operator (operator[℄) whih allows fordiret aess of the mapped value.Multimaps ... allow different elements to have the same key value.Wolfgang Shreiner http://www.ris.jku.at 65/106
Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <map>using namespae std;int main () {map<har,int> mymap;map<har,int>::iterator it;mymap['b'℄ = 100;mymap['a'℄ = 200;mymap[''℄ = 300;for ( it=mymap.begin() ; it != mymap.end(); it++ )out << (*it).first << " => " << (*it).seond << endl;return 0;}a => 200b => 100 => 300Wolfgang Shreiner http://www.ris.jku.at 66/106Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <map>using namespae std;int main () {multimap<har,int> mymultimap;multimap<har,int>::iterator it;mymultimap.insert (pair<har,int>('a',10));mymultimap.insert (pair<har,int>('b',20));mymultimap.insert (pair<har,int>('b',150));for ( it=mymultimap.begin() ; it != mymultimap.end(); it++ )out << (*it).first << " => " << (*it).seond << endl;return 0;}a => 10b => 20b => 150Wolfgang Shreiner http://www.ris.jku.at 67/106

Member Funtions key/value_ompplusplus.om: �C++ Referene�.key_ompare key_omp ( ) onst;value_ompare value_omp ( ) onst;Returns the omparison objet assoiated with the ontainer, whih an be usedto ompare two elements of the ontainer.This omparison objet is set on objet onstrution, and may either be apointer to a funtion or an objet of a lass with a funtion alloperator. In both ases it takes two arguments of the same type as theontainer elements, and returns true if the first argument is onsidered togo before the seond in the strit weak ordering the objet defines, andfalse otherwise.In set ontainers, the element values are the keys themselves, thereforekey_omp and its sibling member funtion value_omp both return the same.Wolfgang Shreiner http://www.ris.jku.at 68/106



Exampleplusplus.om: �C++ Referene�.#inlude <iostream>#inlude <set>using namespae std;int main () {set<int> myset;set<int>::key_ompare myomp = myset.key_omp();for (int i=0; i<=5; i++) myset.insert(i);int highest=*myset.rbegin();set<int>::iterator it=myset.begin();while (true) {out << " " << *it;if (!myomp(*it,highest)) break;it++;}return 0;}0 1 2 3 4 5Wolfgang Shreiner http://www.ris.jku.at 69/106
Example#inlude <iostream>#inlude <map>using namespae std;int main () {map<har,int> mymap;map<har,int>::key_ompare myomp = mymap.key_omp();mymap['a'℄=100;mymap['b'℄=200;mymap[''℄=300;har highest=mymap.rbegin()->first; // key value of last elementmap<har,int>::iterator it=mymap.begin();while (true) {out << (*it).first << " => " << (*it).seond << " ";if (!myomp((*it).first, highest)) break;it++;}return 0;}a => 100 b => 200  => 300Wolfgang Shreiner http://www.ris.jku.at 70/106Member Funtion finditerator find ( onst key_type& x ) onst;Searhes the ontainer for an element with a value of x and returns aniterator to it if found, otherwise it returns an iterator to theelement past the end of the ontainer.#inlude <iostream>#inlude <set>using namespae std;int main () {set<int> myset;for (int i=1; i<=5; i++) myset.insert(i*10); // set: 10 20 30 40 50myset.erase (myset.find(20)); // set: 10 30 40 50myset.erase (myset.find(40)); // set: 10 30 50for (set<int>::iterator it=myset.begin(); it!=myset.end(); it++)out << " " << *it;return 0;}10 30 50Wolfgang Shreiner http://www.ris.jku.at 71/106

Member Funtion ountsize_type ount ( onst key_type& x ) onst;Searhes the ontainer for an element with a key of x and returns the numberof times the element appears in the ontainer.#inlude <iostream>#inlude <set>using namespae std;int main () {set<int> myset;for (int i=1; i<5; i++) myset.insert(i*3); // set: 3 6 9 12for (int i=0;i<10; i++) {out << i;if (myset.ount(i)>0)out << " is an element of myset.\n";else out << " is not an element of myset.\n";}return 0;}0 is not an element of myset. ...Wolfgang Shreiner http://www.ris.jku.at 72/106



Member Funtions lower/upper_bounditerator lower/upper_bound ( onst key_type& x );lower_bound returns an iterator pointing to the first element in the ontainerwhose key does not ompare less than x (using the ontainer's omparison objet),i.e. it is either equal or greater. upper_bound returns an iterator pointingto the first element in the ontainer whose key ompares greater than x.#inlude <iostream>#inlude <map>using namespae std;int main () {map<har,int> mymap;mymap['a'℄=20; mymap['b'℄=40; mymap[''℄=60; mymap['d'℄=80; mymap['e'℄=100;map<har,int>::iterator itlow=mymap.lower_bound ('b'); // itlow points to bmap<har,int>::iterator itup=mymap.upper_bound ('d'); // itup points to emymap.erase(itlow,itup); // erases [itlow,itup)for (map<har,int>::iterator it=mymap.begin() ; it != mymap.end(); it++ )out << (*it).first << " => " << (*it).seond << " ";return 0;}a => 20 e => 100Wolfgang Shreiner http://www.ris.jku.at 73/106
Member Funtion equal_rangepair<iterator,iterator> equal_range ( onst key_type& x ) onst;Returns the bounds of a range that inludes all the elements in the ontainerwith a key that ompares equal to x. If x does not math any key in theontainer, the range has a length of zero, with both iterators pointing tothe nearest value greater than x, if any, or to the element past the end ofthe ontainer if x is greater than all the elements in the ontainer.#inlude <iostream>#inlude <set>using namespae std;int main () {int myints[℄= {77,30,16,2,30,30};multiset<int> mymultiset (myints, myints+6); // 2 16 30 30 30 77pair<multiset<int>::iterator,multiset<int>::iterator>ret = mymultiset.equal_range(30); // ^ ^for (multiset<int>::iterator it=ret.first; it!=ret.seond; ++it)out << " " << *it;return 0;}30 30 30Wolfgang Shreiner http://www.ris.jku.at 74/106

1. General2. Sequene Containers3. Iterators4. Adaptors5. Assoiative Containers6. AlgorithmsWolfgang Shreiner http://www.ris.jku.at 75/106
Header <algorithm>The standard library omes with a rih set of (so-alled) algorithms.Algorithm: a template funtion operating on a range of elements.A range is a sequene of objets aessible by iterators/pointers.Iterator type is argument of funtion template.Iterators of this type are arguments to funtion.template<lass InIter, lass T>InIter find(InIter first, InIter last, onst T& value);Works on any objet that provides suitable iterators/pointers.Containers, plain arrays, streams.Algorithms and ontainers are mostly orthogonal.New algorithms an be written without modifying ontainers.Algorithms will be automatially appliable on ontainers.New ontainers an be developed without modifying algorithms.Containers an be immediately proessed by algorithms.When proessing ontainers, remember the already available algorithms.Wolfgang Shreiner http://www.ris.jku.at 76/106



Header <funtional>Many algorithms operate on funtion objets.Funtion objet: any objet that provides funtion appliation.Any funtion and any objet that provides operator().strut F { int operator()(int a) {return a;} };F f; int x = f(0); // funtion-like syntax with objet f<funtional> provides a olletion of funtion objet templates.Unary funtion objets inherit from unary_funtion.template <lass Arg, lass Result>strut unary_funtion {typedef Arg argument_type;typedef Result result_type;};Binary funtion objets inherit from binary_funtion.template <lass Arg1, lass Arg2, lass Result>strut binary_funtion {typedef Arg1 first_argument_type;typedef Arg2 seond_argument_type;typedef Result result_type;};Wolfgang Shreiner http://www.ris.jku.at 77/106
Example#inlude <iostream>#inlude <funtional>using namespae std;strut Compare : publi binary_funtion<int,int,bool> {bool operator() (int a, int b) {return (a==b);}};int main () {Compare::first_argument_type input1;Compare::seond_argument_type input2;out << "Please enter first number: "; in >> input1;out << "Please enter seond number: "; in >> input2;out << "Numbers " << input1 << " and " << input2;Compare Compare_objet;Compare::result_type result = Compare_objet (input1,input2);if (result)out << " are equal.\n";elseout << " are not equal.\n";return 0;}reWolfgang Shreiner http://www.ris.jku.at 78/106Funtion Objetsplusplus.om: �C++ Referene�.plus Addition funtion objet lassminus Subtration funtion objet lassmultiplies Multipliation funtion objet lassdivides Division funtion objet lassmodulus Modulus funtion objet lassnegate Negative funtion objet lassequal_to Funtion objet lass for equality omparisonnot_equal_to Funtion objet lass for non-equality omparisongreater Funtion objet lass for greater-than inequality omparisonless Funtion objet lass for less-than inequality omparisongreater_equal Funtion objet lass for greater-than-or-equal-to omparisonless_equal Funtion objet lass for less-than-or-equal-to omparisonlogial_and Logial AND funtion objet lasslogial_or Logial OR funtion objet lasslogial_not Logial NOT funtion objet lass. . .Wolfgang Shreiner http://www.ris.jku.at 79/106

Exampleplusplus.om: �C++ Referene�.template <lass T> strut less : binary_funtion <T,T,bool> {bool operator() (onst T& x, onst T& y) onst{return x<y;}};Objets of this lass an be used with some standard algorithms suh as sort,merge or lower_bound.#inlude <iostream>#inlude <funtional>#inlude <algorithm>using namespae std;int main () {int foo[℄={10,20,5,15,25};sort (foo, foo+5, less<int>() ); // 5 10 15 20 25return 0;}Wolfgang Shreiner http://www.ris.jku.at 80/106



Non-Modifying Sequene Operationsplusplus.om: �C++ Referene�.for_eah Apply funtion to rangefind Find value in rangefind_if Find element in rangefind_end Find last subsequene in rangefind_first_of Find element from set in rangeadjaent_find Find equal adjaent elements in rangeount Count appearanes of value in rangeount_if Return number of elements in range satisfying onditionmismath Return �rst position where two ranges di�erequal Test whether the elements in two ranges are equalsearh Find subsequene in rangesearh_n Find suession of equal values in rangeThese operations do not modify the ontents of the sequene.Wolfgang Shreiner http://www.ris.jku.at 81/106
Algorithm for_eahlusplus.om: �C++ Referene�.template <lass InputIterator, lass Funtion>Funtion for_eah (InputIterator first, InputIterator last, Funtion f);Applies funtion f to eah of the elements in the range [first,last).The behavior of this template funtion is equivalent to:template<lass InputIterator, lass Funtion>Funtion for_eah(InputIterator first, InputIterator last, Funtion f){ while ( first!=last ) f(*first++);return f;}

Wolfgang Shreiner http://www.ris.jku.at 82/106Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;void myfuntion (int i) { out << " " << i; }strut mylass { void operator() (int i) {out << " " << i;} };int main () {vetor<int> myvetor;myvetor.push_bak(10); myvetor.push_bak(20); myvetor.push_bak(30);for_eah (myvetor.begin(), myvetor.end(), myfuntion);mylass myobjet;for_eah (myvetor.begin(), myvetor.end(), myobjet);return 0;}10 20 30 10 20 30Wolfgang Shreiner http://www.ris.jku.at 83/106
Algorithm findlusplus.om: �C++ Referene�.template <lass InputIterator, lass T>InputIterator find ( InputIterator first, InputIterator last, onst T& value );Returns an iterator to the first element in the range [first,last) thatompares equal to value, or last if not found.The behavior of this funtion template is equivalent to:template<lass InputIterator, lass T>InputIterator find ( InputIterator first, InputIterator last, onst T& value ){ for ( ;first!=last; first++) if ( *first==value ) break;return first;}ComplexityAt most, performs as many omparisons as the number of elements in therange [first,last).Wolfgang Shreiner http://www.ris.jku.at 84/106



Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;int main () {int myints[℄ = { 10, 20, 30 ,40 };int *p = find(myints,myints+4,30);++p;out << "The element following 30 is " << *p << endl;vetor<int> myvetor (myints,myints+4);vetor<int>::iterator it = find (myvetor.begin(), myvetor.end(), 30);++it;out << "The element following 30 is " << *it << endl;return 0;}The element following 30 is 40The element following 30 is 40Wolfgang Shreiner http://www.ris.jku.at 85/106
Algorithm find_iflusplus.om: �C++ Referene�.template <lass InputIterator, lass Prediate>InputIterator find_if(InputIterator first, InputIterator last, Prediate pred);Returns an iterator to the first element in the range [first,last) for whihapplying pred to it, is true.The behavior of this funtion template is equivalent to:template<lass InputIterator, lass Prediate>InputIterator find_if(InputIterator first, InputIterator last, Prediate pred){ for ( ; first!=last ; first++ ) if ( pred(*first) ) break;return first;}Wolfgang Shreiner http://www.ris.jku.at 86/106Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;bool IsOdd (int i) { return ((i%2)==1); }int main () {vetor<int> myvetor;myvetor.push_bak(10);myvetor.push_bak(25);myvetor.push_bak(40);myvetor.push_bak(55);vetor<int>::iterator it = find_if (myvetor.begin(), myvetor.end(), IsOdd);out << "The first odd value is " << *it << endl;return 0;}The first odd value is 25Wolfgang Shreiner http://www.ris.jku.at 87/106

Modifying Sequene Operationsopy Copy range of elementsopy_bakward Copy range of elements bakwardsswap Exhange values of two objetsswap_ranges Exhange values of two rangesiter_swap Exhange values of objets pointed by two iteratorstransform Apply funtion to rangereplae Replae value in rangereplae_if Replae values in rangereplae_opy Copy range replaing valuereplae_opy_if Copy range replaing valuefill Fill range with valuefill_n Fill sequene with valuegenerate Generate values for range with funtiongenerate_n Generate values for sequene with funtionremove Remove value from rangeremove_if Remove elements from rangeremove_opy Copy range removing valueremove_opy_if Copy range removing valuesunique Remove onseutive dupliates in rangeunique_opy Copy range removing dupliatesreverse Reverse rangereverse_opy Copy range reversedrotate Rotate elements in rangerotate_opy Copy rotated rangerandom_shuffle Rearrange elements in range randomlypartition Partition range in twostable_partition Parition range in two - stable orderingThese operations modify the ontents of the sequene.Wolfgang Shreiner http://www.ris.jku.at 88/106



Algorithm opytemplate <lass InIter, lass OutIter>OutIter opy ( InIter first, InIter last, OutIter result );Copies the elements in the range [first,last) into a range beginning at result.Returns an iterator to the last element in the destination range.The behavior of this funtion template is equivalent to:template<lass InIter, lass OutIter>OutIter opy ( InIter first, InIter last, OutIter result ){ while (first!=last) *result++ = *first++;return result;}If both ranges overlap in suh a way that result points to an element in therange [first,last), the funtion opy_bakward should be used instead.Wolfgang Shreiner http://www.ris.jku.at 89/106
Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;int main () {int myints[℄={10,20,30,40,50,60,70};vetor<int> myvetor;myvetor.resize(7); // alloate spae for 7 elementsopy ( myints, myints+7, myvetor.begin() );for (vetor<int>::iterator it=myvetor.begin(); it!=myvetor.end(); ++it)out << " " << *it;return 0;}10 20 30 40 50 60 70Wolfgang Shreiner http://www.ris.jku.at 90/106Algorithm transformtemplate < lass InIter, lass OutIter, lass UnaryOp >OutIter transform ( InIter first1, InIter last1, OutIter result, UnaryOp op );template < lass InIter1, lass InIter2, lass OutIter, lass BinaryOp >OutIter transform ( InIter1 first1, InIter1 last1,InIter2 first2, OutIter result, BinaryOp binary_op );The first version applies op to all the elements in the input range([first1,last1)) and stores eah returned value in the range beginning atresult. The seond version uses as argument for eah all to binary_op oneelement from the first input range ([first1,last1)) and one element from theseond input range (beginning at first2). The behavior of this funtiontemplate is equivalent to:template < lass InIter, lass OutIter, lass UnaryOperator >OutIter transform ( InIter first1, InIter last1,OutIter result, UnaryOperator op ){ while (first1 != last1)*result++ = op(*first1++); // or: *result++=binary_op(*first1++,*first2++);return result;}Wolfgang Shreiner http://www.ris.jku.at 91/106

Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;int op_inrease (int i) { return ++i; }int op_sum (int i, int j) { return i+j; }int main () {vetor<int> first, seond;for (int i=1; i<6; i++) first.push_bak (i*10); // first: 10 20 30 40 50seond.resize(first.size()); // alloate spaetransform (first.begin(), first.end(), seond.begin(), op_inrease);// seond: 11 21 31 41 51transform (first.begin(), first.end(), seond.begin(), first.begin(), op_sum);// first: 21 41 61 81 101return 0;}Wolfgang Shreiner http://www.ris.jku.at 92/106



Algorithm generatelusplus.om: �C++ Referene�.template <lass ForwardIterator, lass Generator>void generate ( ForwardIterator first, ForwardIterator last, Generator gen );Sets the value of the elements in the range [first,last) to the value returnedby suessive alls to gen.The behavior of this funtion template is equivalent to:template <lass ForwardIterator, lass Generator>void generate ( ForwardIterator first, ForwardIterator last, Generator gen ){ while (first != last) *first++ = gen();}
Wolfgang Shreiner http://www.ris.jku.at 93/106

Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>#inlude <stdlib>using namespae std;int RandomNumber () { return (rand()%100); }strut _unique { int ; _unique() {=0;} int operator()() {return ++;} };int main () {vetor<int> myvetor (8); // e.g.: 57 87 76 66 85 54 17 15generate (myvetor.begin(), myvetor.end(), RandomNumber);_unique UniqueNumber; // 1 2 3 4 5 6 7 8generate (myvetor.begin(), myvetor.end(), UniqueNumber);return 0;}Wolfgang Shreiner http://www.ris.jku.at 94/106Sorting and Operations on Sorted Rangesplusplus.om: �C++ Referene�.sort Sort elements in rangestable_sort Sort elements preserving order of equivalentspartial_sort Partially Sort elements in rangepartial_sort_opy Copy and partially sort rangenth_element Sort element in rangelower_bound Return iterator to lower boundupper_bound Return iterator to upper boundequal_range Get subrange of equal elementsbinary_searh Test if value exists in sorted arraymerge Merge sorted rangesinplae_merge Merge onseutive sorted rangesinludes Test whether sorted range inludes another oneset_union Union of two sorted rangesset_intersetion Intersetion of two sorted rangesset_differene Di�erene of two sorted rangesset_symmetri_differene Symmetri di�erene of two sorted rangesWolfgang Shreiner http://www.ris.jku.at 95/106
Algorithm sortlusplus.om: �C++ Referene�.template <lass RandomAessIterator>void sort (RandomAessIterator first, RandomAessIterator last);template <lass RandomAessIterator, lass Compare>void sort (RandomAessIterator first, RandomAessIterator last, Compare omp);Sorts the elements in the range [first,last) into asending order. Theelements are ompared using operator< for the first version, and omp for theseond. Elements that would ompare equal to eah other are not guaranteed tokeep their original relative order.ComplexityApproximately N*logN omparisons on average (where N is last-first).In the worst ase, up to N2, depending on speifi sorting algorithm used bylibrary implementation.Wolfgang Shreiner http://www.ris.jku.at 96/106



Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;bool myfuntion (int i,int j) { return (i<j); }strut mylass { bool operator() (int i,int j) { return (i<j);} };int main () {int myints[℄ = {32,71,12,45,26,80,53,33};vetor<int> myvetor (myints, myints+8); // 32 71 12 45 26 80 53 33sort (myvetor.begin(), myvetor.begin()+4); // (12 32 45 71) 26 80 53 33// 12 32 45 71 (26 33 53 80)sort (myvetor.begin()+4, myvetor.end(), myfuntion);mylass myobjet; // (12 26 32 33 45 53 71 80)sort (myvetor.begin(), myvetor.end(), myobjet);return 0;}Wolfgang Shreiner http://www.ris.jku.at 97/106
Algorithm binary_searhlusplus.om: �C++ Referene�.template <lass ForwIter, lass T>bool binary_searh ( ForwIter first, ForwIter last, onst T& value );template <lass ForwIter, lass T, lass Compare>bool binary_searh ( ForwIter first, ForwIter last, onst T& value, Compare omp );Returns true if an element in the range [first,last) is equivalent to value,and false otherwise. The omparison is performed using either operator< forthe first version, or omp for the seond: A value, a, is onsideredequivalent to another, b, when (!(a<b) && !(b<a)) or (!omp(a,b) && !omp(b,a))For the funtion to yield the expeted result, the elements in the range shallalready be ordered aording to the same riterion (operator< or omp).The behavior of this funtion template is equivalent to:template <lass ForwIter, lass T>bool binary_searh ( ForwIter first, ForwIter last, onst T& value ) {first = lower_bound(first,last,value);return (first!=last && !(value<*first));}Wolfgang Shreiner http://www.ris.jku.at 98/106Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;bool myfuntion (int i,int j) { return (i<j); }int main () {int myints[℄ = {1,2,3,4,5,4,3,2,1};vetor<int> v(myints,myints+9); // 1 2 3 4 5 4 3 2 1sort (v.begin(), v.end());if (binary_searh (v.begin(), v.end(), 3))out << "found! "; else out << "not found. ";sort (v.begin(), v.end(), myfuntion);if (binary_searh (v.begin(), v.end(), 6, myfuntion))out << "found!\n"; else out << "not found.\n";return 0;}found! not found.Wolfgang Shreiner http://www.ris.jku.at 99/106

Algorithm mergelusplus.om: �C++ Referene�.template <lass InIter1, lass InIter2, lass OutIter>OutIter merge ( InIter1 first1, InIter1 last1, InIter2 first2, InIter2 last2,OutIter result [, Compare omp℄ );Combines the elements in the sorted ranges [first1,last1) and [first2,last2),into a new range beginning at result with its elements sorted. The omparisonfor sorting uses either operator< for the first version, or omp for the seond.For the funtion to yield the expeted result, the elements in the both rangesshall already be ordered aording to the same strit weak ordering riterion(operator< or omp). The resulting range is also sorted aording to it.The behavior of this funtion template is equivalent to:template <lass InIter1, lass InIter2, lass OutIter>OutIter merge ( InIter1 first1, InIter1 last1, InIter2 first2, InIter2 last2,OutIter result ) {while (true) {*result++ = (*first2<*first1)? *first2++ : *first1++;if (first1==last1) return opy(first2,last2,result);if (first2==last2) return opy(first1,last1,result); } }Wolfgang Shreiner http://www.ris.jku.at 100/106



Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;int main () {int first[℄ = {5,10,15,20,25};int seond[℄ = {50,40,30,20,10};vetor<int> v(10);sort (first,first+5);sort (seond,seond+5);merge (first,first+5,seond,seond+5,v.begin());for (vetor<int>::iterator it=v.begin(); it!=v.end(); ++it)out << " " << *it;return 0;}5 10 10 15 20 20 25 30 40 50Wolfgang Shreiner http://www.ris.jku.at 101/106
Heap and Min/Maxplusplus.om: �C++ Referene�.push_heap Push element into heap rangepop_heap Pop element from heap rangemake_heap Make heap from rangesort_heap Sort elements of heapmin Return the lesser of two argumentsmax Return the greater of two argumentsmin_element Return smallest element in rangemax_element Return largest element in rangelexiographial_ompare Lexiographial less-than omparisonnext_permutation Transform range to next permutationprev_permutation Transform range to previous permutationWolfgang Shreiner http://www.ris.jku.at 102/106Algorithm make_heaplusplus.om: �C++ Referene�.template <lass RandomAessIterator>void make_heap ( RandomAessIterator first, RandomAessIterator last[, Compare omp℄ );Rearranges the elements in the range [first,last) in suh a way that they forma heap. In order to rearrange these elements, the funtion performsomparisons using operator< for the first version, and omp for the seond.Internally, a heap is a tree where eah node links to values not greater thanits own value. In heaps generated by make_heap, the speifi position of anelement in the tree rather than being determined by memory-onsuming links isdetermined by its absolute position in the sequene, with *first being alwaysthe highest value in the heap.Heaps allow to add or remove elements from it in logarithmi time by usingfuntions push_heap and pop_heap, whih preserve its heap properties.Wolfgang Shreiner http://www.ris.jku.at 103/106

Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>#inlude <vetor>using namespae std;int main () {int myints[℄ = {10,20,30,5,15};vetor<int> v(myints,myints+5);vetor<int>::iterator it;make_heap (v.begin(),v.end());out << "initial max heap : " << v.front() << endl;pop_heap (v.begin(),v.end()); v.pop_bak();out << "max heap after pop : " << v.front() << endl;v.push_bak(99); push_heap (v.begin(),v.end());out << "max heap after push: " << v.front() << endl;return 0;}initial max heap : 30max heap after pop : 20max heap after push: 99Wolfgang Shreiner http://www.ris.jku.at 104/106



Algorithm min_elementlusplus.om: �C++ Referene�.template <lass ForwardIterator>ForwardIterator min_element ( ForwardIterator first, ForwardIterator last[, Compare omp℄ );Returns an iterator pointing to the element with the smallest value in therange [first,last). The omparisons are performed using either operator< forthe first version, or omp for the seond; An element is the smallest if noother element ompares less than it (it may ompare equal, though).The behavior of this funtion template is equivalent to:template <lass ForwardIterator>ForwardIterator min_element ( ForwardIterator first, ForwardIterator last ){ ForwardIterator lowest = first;if (first==last) return last;while (++first!=last)if (*first<*lowest) // or: if (omp(*first,*lowest)) for the omp versionlowest=first;return lowest;}Wolfgang Shreiner http://www.ris.jku.at 105/106
Examplelusplus.om: �C++ Referene�.#inlude <iostream>#inlude <algorithm>using namespae std;bool myfn(int i, int j) { return i<j; }strut mylass { bool operator() (int i,int j) { return i<j; };int main () {int myints[℄ = {3,7,2,5,6,4,9};mylass myobj;out << "Smallest: " << *min_element(myints,myints+7) << endl;out << "Smallest: " << *min_element(myints,myints+7,myfn) << endl;out << "Smallest: " << *min_element(myints,myints+7,myobj) << endl;return 0;}Smallest: 2Smallest: 2Smallest: 2Wolfgang Shreiner http://www.ris.jku.at 106/106
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