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1 Introduction to Iterators

An iterator is any C++ thing that permitsaccessingitemsin a containerusingcertainspecifiedoperations.Cus-
tomaryusesincludewalking throughall of a container’s items,printing eachitem or changingit to uppercase.An
iteratoris nota typeandthereis nospecialC++syntaxfor aniterator. If it lookslikeaniterator, actslikeaniterator,
andquackslike aniterator, thenit is aniterator.
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Iteratorsweredevelopedto permitwriting codethatworkson many differenttypesof containers.Many algo-
rithmsconsistof just goingthrougha containerandlooking at all its elements.For example,printing theelements
of a containershouldnot dependon thecontainer;it only requirestheability to readall theelementsin a container,
printingeachone.Otheralgorithmssuchassortingaremorecomplicatedbut againshouldnotdepend(much)onthe
containerin whichtheitemsarestored.Mostfastsortingalgorithmsrequiretheability to quickly accessany element
in a container. Thus,we needmorepowerful operationsthanjustbeingableto visit all elementsin acontainer.

2 Containers

Sinceiteratorsweredesignedto permitusingany typeof container, let usfirst make containersmoreconcrete.A
container is a collectionof items.For example,a Tupperwarecontainermayhold a collectionof peasor carrotsor
tofu. A sandwichbagcontainerusuallyholdsonly sandwichesbut cansometimeshold potatochips.A shishkebab
stick is anothertypeof container. SomecontainerssuchasTupperwarecontainerspermitaccessingany elementin
the container. Othersdo not; onecanremove food from a shishkebobstick only at oneendor the other. As the
examplesillustrate,a containeris not a typenor is therespecialC++ syntax.If it lookslike a container, actslike a
container, andquackslike a container, thenit is acontainer.

StandardTemplateLibrary containerswe have alreadyseenor will soonseeincludevectors, strings,
pairs, andhashtables. Onecanalsoconsidera streamasa container. By definition, a vector is an array that
canchangeits sizeasneeded.Seethebrief introduction,including thesamplecode,to vectors. A string is just
a sequenceof characters.The correspondingSTL containeris calledstring. Someexamplesof operationson
stringsareavailable.

Onething we frequentlywant to do to theelementsin a containeris print eachelement.It would beniceto be
ableto write codelike

for each(container.begin(), container.end(), print element)
that would work regardlessof which containeris used. This function call startsat the container’s beginning and
invokestheprint element functiononeachof thecontainer’s elements.In fact,writing C++codeis almostthat
simple.Hereis codeto print all theelementsin avectorof characters.

// Print Every Character in a Vector

// First, we will fill the vector with characters read from the
// standard input. Then, we will print each character.

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <algorithm> // has for_each()
#include <vector>

// Print the specified element.
void print_element(const char c) {

cout << c;
return;

}

int main()
{

vector<char> v; // make a vector of characters

// Store characters from standard input in the vector.
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char c;
while (cin.get(c))
v.push_back(c); // grow vector one larger, storing c

// in the last position

// Print the vector’s characters.
for_each(v.begin(), v.end(), print_element);

return EXIT_SUCCESS;
}

Hereis codeto print all theelementsin astring(of characters).

// Print Every Character in a String

// First, we will fill the string with characters read from the
// standard input. Then, we will print each character.

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <algorithm> // has for_each()
#include <string>

// Print the specified element.
void print_element(const char c) {

cout << c;
return;

}

int main()
{

string v; // make a string of characters

// Store characters from standard input in the string.
char c;
while (cin.get(c))
v += c; // grow string one larger, storing c

// in the last position

// Print the string’s characters.
for_each(v.begin(), v.end(), print_element);

return EXIT_SUCCESS;
}

Thetwo programsdiffer very little. In fact,I createdthestringcodeby replacingall vector occurrenceswith
string andalsochangingthepush back function to +=. We do not needto know thetypeof v.begin() or
v.end(). Thecompilerfiguresit out for us.

3 Input Iterators

In thepreviousexample,thesamefor each functionworked for vector andstring containers.Sinceevery
C++ function correspondsto a singlepieceof code,we needto have commonnotationfor walking throughthe
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++iter move to the“next” item in thecontainer
iter++ move to the“next” item in thecontainer
iter1 == iter2 comparetwo iteratorsto seeif they point to thesameplace
iter1 != iter2 comparetwo iteratorsto seeif they point to differentplaces
*iter returntheitem pointedto by theiterator(readonly)
iter->member provide readaccessto amember(if any) of thecurrentitem
TYPE(iter) copy aniterator

Table1: Input IteratorOperations

contentsof bothvectorsandstrings. Let’s sneakinsidetheimplementationof for each to seethenotation
andwhatis requiredof its iteratorparameters.

template <class InputIterator, class UnaryFunction>
UnaryFunction for_each(InputIterator begin, InputIterator end,

UnaryFunction f) {
if (begin == end)
return f;

else {
f(*begin);
for_each(++begin, end, f);

}
}

for each takestwo input iteratorparametersandonefunctionparameter. Theuseof thetemplatemeansthe
compilerfiguresout thetypeof theargumentssowe do not have to write themexplicitly. Thefirst two arguments
indicatethebeginningandendof thecontainer. We require that the end is exactly one past the last element in the
container. If thecontaineris empty, i.e.,first == last, thenwe returnthefunctionargument.(Thereasonfor
returningthefunctionargumentis obscure;I have never usedfor each’s returnvalue.) Otherwise,we apply the
functionargumenteachitem in thecontainer, startingwith thefirst.

Wheneverwehaveatemplatizedparameter, weshouldaskwhatoperationsthetemplatizedparameteris required
to support.Theonly useof the functionparameterf is applyingit to a containerelement.The input iteratorsare
moreinteresting.Werequirethreeoperations:

++begin move to the“next” item in thecontainer
begin == end comparetwo iteratorsto seeif they point to thesameplace
*begin readtheitempointedto by theiterator

We canspecifyanything we wantasthefirst andsecondargumentsto for each aslong asthey cando these
threeoperations.In otherwords,aninput iterator“lets uswalk throughthecontainerlooking at eachelement.” We
usetheword “input” because,like regularkeyboardinput,we canonly look at itemssequentially, andwe canonly
read,not change,them.

Table1 hasacompletelist of operationsinput iterators arerequiredto support.Wewill notdiscussthelasttwo
operationsfor awhile sodonotworry aboutthem;I includedthemonly for completeness.

4 Output Iterators

Whenprinting itemsto outputstreams,we performtwo operations:we want to write itemsto outputandwe want
to move to thenext positionin thestreamso we do not overwrite whatwe have just written. Output iterators for
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++iter move to the“next” item in thecontainer
iter++ move to the“next” item in thecontainer
*iter = value write thevalue into thecurrentposition
TYPE(iter) copy aniterator

Table2: OutputIteratorOperations

containersaresimilar. Theoperationswe requirearelistedin Table2. We arenot permittedto readfrom anoutput
iterator.

Thecopy function usesan outputiteratorasit copieselementsfrom onecontainerto another. Again, we go
“underthehood” to seehow copy works.

template <class InputIterator, class OutputIterator>
OutputIterator copy(InputIterator first, InputIterator last,

OutputIterator result)
if (first == last)
return result;

else {
*result = *first;
copy(++first, last, ++result);
return;

}
}

Theoperationson thefirst two iteratorsare==, *first, and++first sothesetwo parameterscanbeinput
iterators.Theoperationsonthelastparameterare*result = value and++result. Thesematchtherequire-
mentswerequiredfor outputiteratorssothis lastparametercanbeanoutputiterator. Notethatweneedonly specify
thebeginningof thedestinationcontainer;we justassumethatit will belargeenoughto storethecopies.

Hereis codefor copying from avectorof charactersto astringof characters.

// Copy Characters from a Vector to a String

// First, we will fill the vector with characters read from the
// standard input. Then, we will copy the characters. Then, we print
// the string.

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <algorithm> // has copy()
#include <vector>
#include <string>

int main()
{

vector<char> v; // make a vector of characters

// Store characters from standard input in the vector.
char c;
while (cin.get(c))
v.push_back(c); // grow vector one larger, storing c
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++iter move to the“next” item in thecontainer
iter++ move to the“next” item in thecontainer
iter1 == iter2 comparetwo iteratorsto seeif they point to thesameplace
iter1 != iter2 comparetwo iteratorsto seeif they point to differentplaces
*iter reador write to theitempointedto
iter->member provide readaccessto amember(if any) of thecurrentitem
iter1 = iter2 assignaniterator
TYPE() createa default iterator
TYPE(iter) copy aniterator

Table3: ForwardIteratorOperations

// in the last position

// Copy the vector’s characters.
string s;
s.resize(v.size()); // make the string large enough to

// hold the characters
copy(v.begin(), v.end(), s.begin());// copy the characters

// Print the string’s characters.
cout << s;

return EXIT_SUCCESS;
}

Sincecopy assumesthatthedestinationstringcontaineris largeenough,wehavetoresize it. SeeSection11
for waysto automaticallygrow thestringasthecharactersareinserted.

To summarize,anoutputiteratorletsuswalk througha container, writing eachelement.

5 Forward Iterators

Sometimeswe wantto walk througha containerchangingeachitem in thecontainer. For example,we maywantto
fill avectorwith zeroes.Hereis animplementationfor thefill function. In this function,theoperationsrequired
by theiteratorare==, *first = value, and++first.

template <class ForwardIterator, class T>
void fill(ForwardIterator first, ForwardIterator last, const T& value) {

if (first == last)
return;

else {
*first = value;
fill(++first, last, value);
return;

}
}

Table3 containsthecompletelist of operationsrequiredfor forward iterators. Basically, this list is theunionof
operationson input andoutputiterators.Weneednotworry about-> andthelasttwo operations.
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--iter move to the“previous” item in thecontainer
iter-- move to the“previous” item in thecontainer

Table4: AdditionalOperationsof BidirectionalIterators

iter+n returnstheiteratorn positionsforward
n+iter returnstheiteratorn positionsforward
iter-n returnstheiteratorn positionsbackward
iter+=n movesiteratorn positionsforward
iter-=n movesiteratorn positionsbackward
iter1-iter2 returnsthesigneddistancebetweenthetwo iterators
iter1<iter2 returnswhetheriter1 is beforeiter2
iter1<=iter2 returnswhetheriter1 is notafteriter2
iter1>=iter2 returnswhetheriter1 is notafteriter2
iter1>iter2 returnswhetheriter1 is beforeiter2
iter[n] returnstheelementn positionsto theright

Table5: Additional Operationsof RandomAccessIterators

6 Bidirectional Iterators

Bidirectional iterators areforwarditeratorsthatalsopermitmovingbackwardsonepositionatatimein thecontainer.
Thereverse functionrequiresbidirectionaliterators.Bidirectionaliteratorssupportall theoperationsin Table3
plusthetwo additionaloperationsin Table4.

7 Random Access Iterators

Random access iterators arebidirectionaliteratorsthatcanaccessany point in thecontainer. In a constantamount
of time, onecanmove to any positionin a containerusinga randomaccessiterator. This is usefulwhensortingor
performingbinarysearch.

Table5 containstheadditionaloperationsthatrandomaccessiteratorsprovide. Randomaccessiteratorsprovide
no additionalpower overbidirectionaliteratorsexceptpossiblyfasterperformance.

8 How Do I Remember All These Iterators?

Input iterator: Walk throughthecontainerleft-to-right readingitems.
Questionto ask:Is it like readingfrom thekeyboard?

Output iterator: Walk throughthecontainerleft-to-rightwriting items.
Questionto ask:Is it like writing to thescreen?

Forward iterator: Walk throughthecontainerleft-to-right readingandwriting items.
Questionto ask:Are theitemsreadandchangedaswe walk left-to-right?

Bidirectional iterator: Walk throughthecontainerin any orderreadingandwriting items.
Questionto ask: Are the items readand changedas we walk throughthe containerboth left-to-right and
right-to-left?
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Random access iterator: Jumparoundthecontainerreadingandwriting items.
Questionto ask:Do we jump aroundin thecontainer?

9 How Do I Create and Use Iterators?

Therearetwo easywaysto createiterators:

1. For any STL containerc, c.begin() andc.end() yield iteratorsat its beginning andend. (Remember
thatc.end() pointsonepositionpastthecontainer’s last item.) All STL containersarerequiredto provide
thesefunctions.

2. container::const iterator pos1 andcontainer::iterator pos2 createiteratorvariables
for thespecifiedcontainer.

In the latter case,we explicitly declareiteratorscalledpos1 andpos2. The type is the nameof the container
followedby ::const iterator or ::iterator. Hereis codeusingthisnotation.

// Print Every Character in a Vector

// First, we will fill the vector with characters read from the
// standard input. Then, we will print each character.

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <algorithm> // has for_each()
#include <vector>

// Print the specified element.
void print_element(const char c) {

cout << c;
return;

}

int main()
{

vector<char> v; // make a vector of characters

// Store characters from standard input in the vector.
char c;
while (cin.get(c))
v.push_back(c); // grow vector one larger, storing c

// in the last position

// Print the vector’s characters.
// explicitly use iterators, not "for_each(v.begin(), v.end(), print_element);"
vector<char>::const_iterator pos;// explicit declaration of an iterator
for (pos = v.begin(); pos != v.end(); ++pos)
print_element(*pos);

return EXIT_SUCCESS;
}
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Thecodevector<char>::const iterator pos; explicitly declaresan iteratorfor vectorsof chars.
Thefor loopappliesthefunctionto eachitem in thecontainer.

9.1 const iterators and iterators

In thespirit of C++,we complicatethesyntaxto enabletheprogrammerto write fastercode.A const iterator is an
“constant”iterator. Thatis, it permitswalkingthroughacontainerbut givesonly readaccessto containeritems.For
example,onecan++iter and*iter, but not*iter = value.

Why usea constiteratorwhenaniteratorwill alwayswork? First,we mustuseconstiteratorsto walk through
constantcontainers. This frequentlyhappenswhen a containeris a const function parameter. Second,using
constscanpermit thecompilerto write fastercode.While codespeedis not importantfor this class,it is a good
habitto develop.

10 Istream and Ostream Iterators

Sinceinputandoutputstreamsarejust collectionsof data,wecanconsiderthemascontainersunderthe“if it looks
like acontainer, actslike acontainer, andquackslike acontainer, thenit is acontainer”rule. Weonly neediterators
for streams.

To treatanistream in asaniterator, useistream iterator<T>(in), whereitemsof typeT areto be
readfrom theistream.Theend-of-istreamiteratoris createdusingistream iterator<T>().

To treatanostream out asaniterator, useostream iterator<T>(out), whereitemsof typeT areto
bereadfrom theostream.Thereis no end-of-ostreamideasothereis not ananalogousend-of-ostreamiterator. To
have astringdelim printedafteritem is printed,useostream iterator<T>(out, delim).

Be sureto #include<iterator> to usetheseiteratoradaptors.
Hereis codeto copy stringsfrom thestandardinput to thestandardoutput,printing themoneperline.

// Copy a List of Strings from Cin to Cout, one per line

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <string>
#include <iterator> // has input_iterator
#include <algorithm> // has copy

int main()
{

copy(istream_iterator<string>(cin), istream_iterator<string>(),
ostream_iterator<string>(cout, "\n"));

return EXIT_SUCCESS;
}

To treatthe input asa container, we specifyits beginningandendingusingthefirst two argumentsto copy. The
lastargumentspecifieseachstring is sentto cout separatedby anewline character. For moreinformation,read
moreaboutistreamiteratorsandostreamiterators.

11 Inserter Iterators

You are not responsible for knowing this material. In Section4, we copiedfrom a vector to a string, but we
had to resizethe string to ensureit was large enoughto hold all the vector’s characters.If the output iterator
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automaticallyenlarged the containerevery time a new item is added,we would not have to preallocatethe con-
tainer. In otherwords,we wish to insertelementsusingpush back. To do so,we canusean insertiteratorlike
back inserter(container).

Hereis somecodeI claim is correct,but thecurrentcompilerdoesnot have push back for strings. This
shows how very closeto thecuttingedgeof C++ programmingwe are. Instead,we cancopy from astring to a
vector.

// Copy Characters from a String to a Vector

// First, we will fill the vector with characters read from the
// standard input. Then, we will copy the characters. Then, we print
// the string.

#include <iostream.h>
#include <stdlib.h> // has EXIT_SUCCESS
#include <algorithm> // has copy()
#include <vector>
#include <string>

int main()
{

string s; // make a string

// Store characters from standard input in the vector.
char c;
while (cin.get(c))
s += c; // grow string one larger, storing c

// in the last position

// Copy the string’s characters.
vector<char> v;
// unnecessary to v.resize(s.size());
copy(s.begin(), s.end(), back_inserter(v));

// copy the characters, enlarging v as we go

// Print the string’s characters.
copy(v.begin(), v.end(), ostream_iterator<char>(cout));

return EXIT_SUCCESS;
}

After readingall thecharactersinto a string, thesearecopied into thevectorv, which is enlargedby the
back inserter ascharactersareadded.

For containershaving a push front operation,onecanusefront inserter(container). To read
more,seebackinserterandfront inserterWWW pages.

12 Read More About It

All otherexplanationsof iteratorsknown to merely on readersalreadyknowing aboutpointerseventhoughit is not
necessaryto know aboutpointersto understanditerators.(In fact,I purposefullychooseto introduceiteratorsbefore
pointers.)ThethreebestexpositionsI have foundare:
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� The C++ Standard Library, by Nicolai M. Josuttis,chapter7.

� Introductionto theStandardTemplateLibrary by SGI.

� C++ Ruminations, by KoenigandMoo, chapter18.

Seethecoursesyllabusfor moreinformationaboutthetwo books.
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