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1 Introduction to lterators

An iterator is ary C++ thing that permitsaccessingtemsin a containerusing certainspecifiedoperations.Cus-
tomaryusesincludewalking throughall of a containers items, printing eachitem or changingit to uppercaseAn
iteratoris notatypeandthereis no specialC++ syntaxfor aniterator If it lookslike aniterator actslike aniterator
andquackdike aniterator thenit is aniterator
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Iteratorswere developedto permitwriting codethatworks on mary differenttypesof containers.Many algo-
rithms consistof just goingthrougha containerandlooking at all its elements For example,printing the elements
of a containershouldnot dependon the container;t only requirestheability to readall the elementsn a container
printing eachone.Otheralgorithmssuchassortingaremorecomplicatedut againshouldnotdependmuch)onthe
containelin whichtheitemsarestored.Mostfastsortingalgorithmsrequiretheability to quickly accesary element
in a container Thus,we needmorepowerful operationghanjust beingableto visit all elementsn a container

2 Containers

Sinceiteratorsweredesignedo permitusingary type of containerlet usfirst make containersmore concrete.A
container is a collectionof items. For example,a Tuppervarecontainemmay hold a collectionof peasor carrotsor
tofu. A sandwichbagcontainemusuallyholdsonly sandwiche$ut cansometimeshold potatochips. A shishkebab
stick is anothertype of container SomecontainersuchasTuppervare containergpermitaccessingry elementn
the container Othersdo not; one canremove food from a shishkebobstick only at oneendor the other As the
examplesillustrate,a containelis not a type nor is therespecialC++ syntax. If it lookslike a containeractslike a
containerandquackdik e a containerthenit is a container

StandardTemplateLibrary containerswe have alreadyseenor will soonseeincludevectors, stri ngs,
pai r s, and hashtables. One canalso considera streamas a container By definition, a vectoris an array that
canchangets sizeasneeded.Seethe brief introduction,including the samplecode,to vect or s. A stringis just
a sequencef characters.The correspondindSTL containeris calledst ri ng. Someexamplesof operationson
st ri ngsareavailable.

Onething we frequentlywantto do to the elementsn a containeiis print eachelement.lt would be niceto be
ableto write codelike

for _each(contai ner. begin(), container.end(), print_elenent)

that would work regardlessof which containeris used. This function call startsat the containers beginning and
invokesthepri nt _el enent functionon eachof thecontainers elementsin fact,writing C++ codeis almostthat
simple.Hereis codeto print all theelementsn avectorof characters.

/1 Print Every Character in a Vector

/1l First, we will fill the vector with characters read fromthe
/1 standard input. Then, we will print each character

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <al gorithnp /1 has for_each()

#i ncl ude <vector>

/1 Print the specified el enent.
void print_el enent (const char c¢) {
cout << c;
return;

}
int main()
{

vect or <char > v; /1 make a vector of characters

/1 Store characters from standard input in the vector



char c;
while (cin.get(c))
v. push_back(c); /1 grow vector one larger, storing c
/1 in the last position

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

return EXI T_SUCCESS;

Hereis codeto print all theelementsn a string (of characters).

/1 Print Every Character in a String

/1 First, we will fill the string with characters read fromthe
/1 standard input. Then, we will print each character

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <al gorithnpe /1 has for_each()

#i ncl ude <string>

/1 Print the specified el enent.
void print_el enent (const char c¢) {

cout << c;
return;
}
int main()
{
string v; /1 make a string of characters
/1 Store characters fromstandard input in the string.
char c;
while (cin.get(c))
V += C; /1 grow string one |larger, storing c
/1 in the last position
/1 Print the string’s characters.
for_each(v. begin(), v.end(), print_elenent);
return EXI T_SUCCESS;
}

Thetwo programdiffer very little. In fact,| createdhe stringcodeby replacingall vect or occurrencesvith
st ri ng andalsochangingthe push_back functionto +=. We do not needto know thetypeof v. begi n() or
v. end() . Thecompilerfiguresit outfor us.

3 Input lterators

In the previous example,the samef or _each functionworkedfor vect or andst ri ng containers.Sinceevery
C++ function correspondgo a single pieceof code,we needto have commonnotationfor walking throughthe



++iter move to the“next” itemin thecontainer

iter++ move to the“next” itemin the container

iterl == iter2 compargwo iteratorsto seeif they pointto the sameplace
iterl !'=iter2 comparegwo iteratorsto seeif they pointto differentplaces
*iter returntheitem pointedto by theiterator(readonly)

i ter->memnber provide readacces$o amember(if ary) of the currentitem
TYPE(iter) copy aniterator

Tablel: InputlteratorOperations

contentof bothvect or sandst ri ngs. Let's sneakinsidetheimplementatiorof f or _each to seethe notation
andwhatis requiredof its iteratorparameters.

tenplate <class Inputlterator, class UnaryFunction>
UnaryFunction for_each(lnputlterator begin, Inputlterator end,
UnaryFunction f) {
if (begin == end)
return f;
el se {
f (*begin);
for_each(++begin, end, f);
}
}

f or _each takestwo inputiteratorparameterandonefunction parameterThe useof the templatemeanshe
compilerfiguresout the type of the agumentsso we do not have to write themexplicitly. Thefirst two aguments
indicatethe beginning andendof the container We require that the end is exactly one past the last element in the
container. If thecontaineris emptyi.e.,fi rst == | ast, thenwe returnthefunctionagument.(Thereasorfor
returningthe functionamgumentis obscure;] have never usedf or _each’sreturnvalue.) Otherwise we applythe
functionagumenteachitem in the containey startingwith thefirst.

Wheneerwe have atemplatizecparametemwe shouldaskwhatoperationghetemplatizecparameteis required
to support. The only useof the function parametef is applyingit to a containerelement. The input iteratorsare
moreinteresting We requirethreeoperations:

++begi n move to the“next” itemin the container
begi n == end compargwo iteratorsto seeif they pointto the sameplace
*pbegin readtheitem pointedto by theiterator

We canspecifyanything we wantasthe first andsecondargumentdo f or _each aslong asthey cando these
threeoperationsin otherwords,aninputiterator“lets uswalk throughthe containedooking at eachelement. We
usetheword “input” becauselik e regularkeyboardinput, we canonly look atitemssequentiallyandwe canonly
read,notchangethem.

Tablel hasacompletdist of operationsnput iterators arerequiredto support.We will notdiscusghelasttwo
operationgor awhile sodo notworry aboutthem;l includedthemonly for completeness.

4 Output Iterators

Whenprinting itemsto outputstreamswe performtwo operationswe wantto write itemsto outputandwe want
to move to the next positionin the streamso we do not overwrite whatwe have just written. Output iterators for



++iter moveto the“next” itemin thecontainer

iter ++ maove to the“next” itemin the container
*iter = val ue writethevalueintothecurrentposition
TYPE(iter) copy aniterator

Table2: OutputlteratorOperations

containersaresimilar. The operationsve requirearelistedin Table2. We arenot permittedto readfrom an output
iterator

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

tenplate <class Inputlterator, class Qutputlterator>
Qut putlterator copy(lnputlterator first, Inputlterator |ast,
Qutputlterator result)

if (first == last)
return result;
el se {

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

The operationson thefirst two iteratorsare==, *f i r st , and++f i r st sothesetwo parameterganbeinput
iterators.Theoperation®nthelastparameteare*r esul t = val ue and++r esul t . Thesematchtherequire-
mentswe requiredfor outputiteratorssothis lastparametecanbeanoutputiterator Notethatwe needonly specify
the beginning of the destinatiorcontainerwe justassumehatit will belarge enoughto storethe copies.

Hereis codefor copying from a vectorof character$o a stringof characters.

/1 Copy Characters froma Vector to a String

/1 First, we will fill the vector with characters read fromthe
/1 standard input. Then, we will copy the characters. Then, we print
/1 the string.

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <al gorithme /1 has copy()

#i ncl ude <vector >

#i ncl ude <string>

int main()

{

vect or <char > v; /1 make a vector of characters

/1 Store characters from standard input in the vector
char c;
while (cin.get(c))
v. push_back(c); /1l grow vector one |larger, storing c



++iter move to the“next” itemin thecontainer

iter++ move to the“next” itemin the container

iterl == iter2 compargwo iteratorsto seeif they pointto the sameplace
iterl !'=iter2 comparegwo iteratorsto seeif they pointto differentplaces
*iter reador write to theitem pointedto

i ter->nmemnber provide readacces$o amember(if ary) of the currentitem
iterl = iter2 assigmaniterator

TYPE() createa defaultiterator

TYPE(iter) copy aniterator

Table3: ForwardIteratorOperations

/1 in the last position

/1l Copy the vector’'s characters.

string s;

s.resize(v.size()); /1 make the string | arge enough to
/1 hold the characters

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

/1 Print the string’s characters.
cout << s;

return EXI T_SUCCESS;

Sincecopy assumethatthedestinatiorstringcontainetis largeenoughwe havetor esi ze it. SeeSectionll
for waysto automaticallygrow the stringasthe charactersreinserted.
To summarizeanoutputiteratorletsuswalk througha containerwriting eachelement.

5 Forward lterators

Sometimesve wantto walk througha containerchangingeachitem in the container For example,we maywantto
fill avectorwith zeroesHereis animplementatiorfor thef i | I function. In this function,the operationgequired
by theiteratorare==,*fi rst = val ue,and++fi rst.

templ ate <class Forwardlterator, class T>
void fill (Forwardlterator first, Forwardlterator |ast, const T& value) {
if (first == last)
return;
el se {
*first = val ue;
fill(++first, last, value);
return;

Table3 containghe completelist of operationgequiredfor forward iterators. Basically thislist is theunionof
operation®on input andoutputiterators.We neednot worry about- > andthelasttwo operations.



--iter
iter--

move to the“previous” itemin the container
move to the“previous” itemin the container

Table4: Additional Operationsof Bidirectionallterators

iter+n
n+iter
iter-n
iter+=n
iter-=n
iterl-iter2
iterl<iter2
iterl<=iter2
iterl>=iter2
iterl>iter2
iter[n]

returnstheiteratorn positionsforward
returnstheiteratorn positionsforward
returnstheiteratorn positionsbackward
movesiteratorn positionsforward
movesiteratorn positionsbackward
returnsthe signeddistancebetweerthetwo iterators
returnswhetheriterl is beforeiter2
returnswhetheriterl is not afteriter2
returnswhetheriterl is not afteriter2
returnswhetheriterl is beforeiter2
returnsthe elementn positionsto theright

Table5: Additional Operation®f RandomAccesslterators

6 Bidirectional Iterators

Bidirectional iterators areforwarditeratorsthatalsopermitmoving backwardsonepositionatatimein thecontainer
Ther ever se functionrequiresbidirectionaliterators.Bidirectionaliteratorssupportall the operationsn Table3
plusthetwo additionaloperationsn Table4.

7 Random Accesslterators

Random access iterators arebidirectionaliteratorsthat canaccessry pointin the container In a constantamount
of time, onecanmove to ary positionin a containerusinga randomaccessterator Thisis usefulwhensortingor
performingbinarysearch.

Table5 containgheadditionaloperationghatrandomaccessteratorsprovide. Randomaccessteratorsprovide
no additionalpower over bidirectionaliteratorsexceptpossiblyfasterperformance.

8 How Dol Remember All Theselterators?

Input iterator: Walk throughthe containedeft-to-right readingitems.
Questionto ask:ls it like readingfrom the keyboard?

Output iterator: Walk throughthe containereft-to-rightwriting items.
Questionto ask:lIs it like writing to thescreen?

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

Bidirectional iterator: Walk throughthe containerin ary orderreadingandwriting items.
Questionto ask: Are the itemsreadand changedas we walk throughthe containerboth left-to-right and
right-to-left?



Random accessiterator: Jumparoundthe containereadingandwriting items.
Questionto ask: Do we jump aroundin the container?

9 How Dol Create and Use Iterators?

Therearetwo easywaysto createiterators:

1. For ary STL containerc, c. begi n() andc. end() vyield iteratorsat its beginningandend. (Remember
thatc. end() pointsonepositionpastthe containers lastitem.) All STL containersarerequiredto provide
thesefunctions.

2. container::const.iterator poslandcontainer::iterator pos2 creatdteratorvariables
for the specifiedcontainer.

In the latter case,we explicitly declareiteratorscalledposl andpos2. Thetypeis the nameof the container
followedby: : const it erat or or: :iterat or.Hereis codeusingthis notation.

/1 Print Every Character in a Vector

// First, we will fill the vector with characters read fromthe
/1 standard input. Then, we will print each character

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <al gorithme /1 has for_each()

#i ncl ude <vector>

/1 Print the specified el enent.
void print_el enent (const char c¢) {
cout << c;
return;

}

int main()

{

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

/1l Store characters fromstandard input in the vector
char c;
while (cin.get(c))
v. push_back(c); /1 grow vector one |larger, storing c
/1 in the last position

/1 Print the vector’s characters.
/1 explicitly use iterators, not "for_each(v.begin(), v.end(), print_elenent);"’
vector<char>::const_iterator pos;// explicit declaration of an iterator
for (pos = v.begin(); pos !=v.end(); ++pos)
print_el ement (*pos);

return EXl T_SUCCESS,



Thecodevect or <char >:: const i terator pos; explicitly declaresaniteratorfor vectorsof char s.
Thefor loop appliesthefunctionto eachitemin the container

9.1 const iteratorsand iterators

In the spirit of C++, we complicatethe syntaxto enablethe programmeto write fastercode.A const_iterator is an
“constant”iterator Thatis, it permitswalkingthrougha containerbut givesonly readaccesgo containelitems. For
example,onecan++i t er and*i ter,butnot*iter = val ue.

Why usea constiteratorwhenaniteratorwill alwayswork? First, we mustuseconstiteratorsto walk through
constantcontainers. This frequently happenswvhen a containeris a const function parameter Second,using
const scanpermitthe compilerto write fastercode. While codespeeds notimportantfor this class,it is agood
habitto develop.

10 Istream and Ostream lterators

Sinceinput andoutputstreamsarejust collectionsof data,we canconsidetthemascontainersinderthe“if it looks
like acontaineractslike acontainerandquackdik e a containerthenit is a container’rule. We only neediterators
for streams.

Totreatani st r eam i n asaniterator usei st reami t er at or <T>(i n) ,whereitemsof typeT areto be
readfrom theistream.Theend-of-istreaniteratoris createdusingi st r eami t er at or <T>().

Totreatanost r eam out asaniterator useost r eami t er at or <T>( out ) , whereitemsof typeT areto
be readfrom the ostream.Thereis no end-of-ostreanideasothereis not ananalogougnd-of-ostreaniterator To
have a stringdelim printedafteritemis printed,useost r eami t er at or <T>(out, delim.

Besureto#i ncl ude<i t er at or >to usetheseiteratoradaptors.

Hereis codeto copy st ri ngsfrom thestandardnputto the standardutput,printing themoneperline.

/1 Copy a List of Strings fromC n to Cout, one per line

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <string>

#i ncl ude <iterator> /1 has input_iterator
#i ncl ude <al gorithnpe /1 has copy

int main()

{

copy(istreamiterator<string>(cin), istreamiterator<string>(),
ostream.iterator<string>(cout, "\n"));
return EXl T_SUCCESS,

}

To treatthe input asa container we specifyits beginning andendingusingthe first two argumentsto copy. The
lastamgumentspecifieseachst r i ng is sentto cout separatedby a newline characterFor moreinformation,read
moreaboutistreamiteratorsandostreaniterators.

11 Inserter Iterators

You are not responsible for knowing this material. In Section4, we copiedfrom a vectorto a string, but we
had to resizethe string to ensureit was large enoughto hold all the vectors characters.If the outputiterator



automaticallyenlaged 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 canuseaninsertiteratorlike
back. nserter(container).

Hereis somecodel claimis correct,but the currentcompilerdoesnot have push_back for st ri ngs. This
shawvs how very closeto the cutting edgeof C++ programmingwe are. Insteadwe cancopy fromastri ngtoa
vector.

/1 Copy Characters froma String to a Vector

[/ First, we will fill the vector with characters read fromthe
/1 standard input. Then, we will copy the characters. Then, we print
/1 the string.

#i ncl ude <i ostream h>

#i ncl ude <stdlib. h> /1 has EXI T_SUCCESS
#i ncl ude <al gorithnpe /1 has copy()

#i ncl ude <vector>

#i ncl ude <string>

int main()

{

string s; /1 make a string

/1 Store characters fromstandard input in the vector
char c;
while (cin.get(c))
S += ¢; /1 grow string one |larger, storing c
/1 in the last position

/1l Copy the string s characters.
vect or <char > v;
/1 unnecessary to v.resize(s.size());
copy(s. begin(), s.end(), back_inserter(v));
/1 copy the characters, enlarging v as we go

/1 Print the string’s characters.
copy(v. begin(), v.end(), ostream.terator<char>(cout));

return EXI T_SUCCESS;

After readingall the charactersnto ast ri ng, thesearecopi edinto the vectorv, which is enlagedby the
back_i nsert er ascharacterareadded.

For containershaving a push_f r ont operation,one canusef ront _i nserter (cont ai ner). To read
more,seebackinserterandfront inserteAWWW pages.

12 Read MoreAbout It

All otherexplanationf iteratorsknovn to merely on readersalreadyknowing aboutpointerseventhoughit is not
necessaryo know aboutpointersto understandgterators.(In fact,| purposefullychooseo introduceiteratorsbefore
pointers.)Thethreebestexpositionsl have foundare:
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e The C++ Sandard Library, by Nicolai M. Josuttischapter7.
¢ Introductionto the StandardremplateLibrary by SGI.
e C++ Ruminations, by KoenigandMoo, chapterl8.

Seethe coursesyllabusfor moreinformationaboutthetwo books.
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