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Preface

Of courseyou’ve beenhearingall abouthow powerful theSTL is andhow easyit’s goingto make
your life. But whenyougoto learnaboutit, whatdoyouget?Lotsaboutiterators:forwarditerators,
bidirectionaliterators,othertypesof iterators.A numberof differenttypesof containers,someof
which seemto do thesamething. And a seeminglyendlessnumberof algorithms.Do you really
have to know all thedetailsandtheoryfor this stuff in orderto getsomegoodfrom theSTL?

Emphaticallyno. Thepremiseof this paperis that there’s a relatively smallsubsetof elements
andideas(let’s say10%) you needto understandin order to get 90% of the usefulnessfrom the
STL. The “simple 10%” is stuff you canuseon a day-to-daybasiswithout looking anything up.
Understandingthisportionwill alsogetyoucomfortablewith thebasicideasin theSTL sothatyou
cango look up themoredifficult stuff if youever needit.

After learningaboutthebasicconcepts,you’ll seeanumberof increasinglypowerful examples.
By theendyoushouldhaveagoodgraspof boththesimplicity andpowerof theSTL portionof the
StandardC++ Library.
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1 The Basic Concepts

Theprimaryideain theSTL is the container(alsoknown asacollection), a fundamentalconceptin
object-orientedprogramming.A containeris just that: a placeto hold things.You needcontainers
becauseobjectsareconstantlymarchingin andout of your programandtheremustbesomeplace
to put themwhile they’re around.Youcan’t makenamedlocalobjectsbecausein a typicalprogram
you don’t know how many, or whattype,orthelifetime of theobjectsyou’re working with. Soyou
actuallyneedacontainerthatwill expandwhenever necessaryto fill your needs.

All thecontainersin theSTL hold objectsandexpandthemselves. In addition,they hold your
objectsin a particularsequence.Thedifferencebetweenonecontainerandanotheris theway the
objectsareheldandhow thesequenceis created.Let’s startby lookingat thesimplestcontainers.

A vector is a linearsequencethatallows you to rapidly move aroundin a randomfashion,but
it’s expensive to insertanelementin themiddleof thesequence.A list is alsoa linearsequence,but
it’s expensive to move aroundrandomlyandcheapto insertanelementin themiddle. Thuslist and
vector arevirtually identicalin their basicfunctionality,but different in thecostof their activities.
So for your firstshotat a program,you coulduseeitherone,andonly experimentwith theotherif
you’re tuningfor efficiency.

Mostof theproblemsyousetoutto solvewill only requireasimplelinearsequencelikeavector
or list. Both of these(indeed,mostof theSTL containers)have memberfunctionspush_front( )
andpush_back() whichyouuseto insertanew elementinto thefront or thebackof thesequence.

But now how do you retrieve thoseelements?With a vector, it is possibleto usethe indexing
operator

���
, but thatdoesn’t work with list. Sinceit wouldbenicestto learnasingleinterface,we’ll

usetheonedefinedfor all STL containers:the iterator.
An iterator is a classthat abstractsthe processof moving througha sequence.It allows you

to selecteachelementof a sequencewithout knowingthe underlyingstructure of that sequence.
This is a powerful feature,partly becauseit allows usto learna singleinterfacethatworkswith all
containers,andpartlybecauseit allows containersto beusedinterchangeably.

Onemoreobservationandyou’re readyfor anexample.EventhoughtheSTL containershold
objectsby value(that is, they hold thewholeobjectinsidethemselves)that’s probablynot theway
you’llgenerallyusethemtimeif you’redoingobject-orientedprogramming.That’sbecausein OOP,
mostof thetimeyou’re creatingobjectsontheheapwith newandupcastingtheaddressto thebase-
classtype,manipulatingit asa pointerto thebaseclass.Thebeautyof this is thatyou don’t worry
aboutthespecifictypeof objectyou’re dealingwith, which greatlyreducesthecomplexity of your
codeandincreasesthemaintainabilityof your program.This processof upcastingis whatyou try
to do in OOP, soyou’ll usuallybeusingcontainersof pointers.

Considertheclassic“shape”examplewhereshapeshave a setof commonoperations,andyou
have differenttypesof shapes.Here’s what it looks like usingtheSTL vector to hold pointersto
varioustypesof shapecreatedon theheap:

//: STLSHAPE.CPP -- simple shapes w/ STL
#include <vector.h>
#include <iostream.h>
using namespace std;
class shape {

public:
virtual void draw() = 0;
virtual ~shape() {};
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};

class circle : public shape {
public:

void draw() { cout << "circle::draw\n"; }
~circle() { cout << "~circle\n"; }

};

class triangle : public shape
{

public:
void draw() { cout << "triangle::draw\n"; }
~triangle() { cout << "~triangle\n"; }

};

class square : public shape
{

public:
void draw() { cout << "square::draw\n"; }
~square() { cout << "~square\n"; }

};

typedef vector<shape*> container;
typedef container::iterator iter;

int main()
{

container shapes;
shapes.push_back(new circle);
shapes.push_back(new square);
shapes.push_back(new triangle);
for ( iter i=shapes.begin(); i != shapes.end(); i++)

(*i)->draw(); // ... sometime later:
for ( iter j=shapes.begin(); j != shapes.end(); j++)

delete *j;
return 0;

}

Youcanseeherethevery importantline:

using namespace std;

This is essentialbecausethe StandardC++ librariesareplacedintheir own namespace, a rel-
atively new featurein C++ thatallows you to keepall the namesin your programfrom colliding.
The StandardC++ librariesarein a namespacecalledstd, andwithout the using directive shown
above, the library nameswouldn’t be visible in the programandyou’ll get all sortsof unseemly
errormessagesatcompiletime.

The creationof shape, circle, square and triangle shouldbe fairly familiar. shapeis a pure
abstractbaseclass(becauseof thepurespecifier=0) thatdefinestheinterfacefor all typesof shapes;
thederivedclassesredefinethevirtual functiondraw( ) to performtheappropriateoperation.Now
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we’d like to createa bunchof differenttypesof shapeobject,but whereto put them? In an STL
container, of course.For convenience,thetypedef

typedef vector<shape*> container;

createsanaliasfor avector of shape*, andthetypedef

typedef container::iterator iter;

usesthataliasto createanotherone,for vector� shape*� ::iterator . Noticethat thecontainer
namemustbeusedto producetheappropriateiterator, which is definedasanestedclass.Although
therearedifferenttypesof iterators(forward,bidirectional,reverse,etc.)all theoneswe’reinterested
in herehave thesamebasicinterface:you canincrementthemwith ++, you candereferencethem
to producetheobjectthey’re currentlyselecting,andyoucantestthemto seeif they’reat theendof
thesequence.That’s whatyou’ll wantto do 90%of thetime. And that’s what is donein theabove
example:aftercreatinga container, it’s filled with differenttypesof shape*. Noticethattheupcast
happensasthecircle, square or rectanglepointeris addedto theshapescontainer, which doesn’t
know aboutthosespecifictypesbut insteadholdsonly shape*. Soassoonasthepointeris addedto
thecontainerit losesits specificidentity andbecomesananonymousshape*. This is exactly what
we want: tossthemall in andlet polymorphismsortit out.

The first for loop createsan iterator and setsit to the beginning of the sequenceby calling
the begin( ) memberfunction for the container. All containershave begin( ) andend( ) member
functionsthatproduceaniteratorselecting,respectively, thebeginningof thesequenceandonepast
the end of the sequence.To test to seeif you’re done,you make sureyou’re != to the iterator
producedby end( ). Not � or � =. Theonly testthatworks is !=. So it’s very commonto write a
loop like:

for(iter i = shapes.begin(); i != shapes.end(); i++)

Thissays:“take methroughevery elementin thesequence.”
Whatdoyoudowith theiteratorto producetheelementit’s selecting?Youdereferenceit using

(what else)the ’* ’ (which is actuallyan overloadedoperator).What you get backis whateverthe
containeris holding.This containerholdsshape*,sothat’s what*i produces.If you wantto senda
messageto theshape, youmustselectthatmessagewith - � , soyouwrite theline:

(*i)->draw();

Thiscallsthedraw( ) functionfor theshape*theiteratoris currentlyselecting.Theparentheses
areugly but necessaryto producetheproperorderof evaluation.

Finally, the STL containersdon’t call delete for the pointersthey contain. There’s no elegant
way for you to do it, either,unlessyouwantto inherit from thecontainerclassin questionandadda
memberfunctionto performthedelete for all thecontainedpointers.Oneof theproblemsis thatif
you createanobjecton theheapwith new andplaceit’s pointerina container, you can’t tell if that
pointeris alsoplacedinsideanothercontainer. SotheSTL justdoesn’t doanythingaboutit,andputs
theresponsibilitysquarelyin your lap. Thelast linesintheprogrammove throughanddeleteevery
objectin thecontainersopropercleanupoccurs.

It’svery interestingto notethatyoucanchangethetypeof containerthatthisprogramuseswith
two lines. Insteadof includingvector.h, you includelist.h, andin thefirst typedef yousay:
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typedef list<shape*> container;

insteadof usinga vector. Everythingelsegoesuntouched.This is possiblenot becauseof an
interfaceenforcedby inheritance(thereisn’t any inheritancein theSTL, which comesasasurprise
whenyoufirst seeit), but becausetheinterfaceis enforcedbyaconventionadoptedby thedesigners
of STL, preciselysoyou couldperformthis kind of interchange.Now I caneasilyswitchbetween
vector andlist andseewhichoneworksfastestfor my needs.

So this is what you’re going to be doing mostof the time: creatinga containerof pointersto
thebasetype,upcastingheap-basedobjectsinto thatcontainer, andusinganiteratorto traversethe
sequenceandperformoperationson it. Sure,therearelots of otherthingsyou maywant to do and
you might usean STL algorithmto performa particularoperation(sort( ) is a commonone)but
mostof thetimeyourprogramwill probablyendupwith partsof it lookingsomethinglike theSTL
SHAPEprogramabove. That’s thebasicidea,andnow we cantake thatconceptandstartapplying
it to thesolutionof differentproblems.

2 Containers of strings

Oneof the biggesttime-wastersin C is characterarrays:keepingtrack of the differencebetween
staticquotedstringsandarrayscreatedonthestackandtheheap,andthefactthatsometimesyou’re
passingarounda char* and sometimesyou must copy the whole array (in C++ we sometimes
refer to this as the generalproblemof shallow copy vs. deepcopy). Especiallybecausestring
manipulationis socommon,characterarraysareagreatsourceof misunderstandingsandbugs.

Despitethis, creatingstringclassesremaineda commonexercisefor beginningC++ program-
mers for many years. At last, the StandardC++ library hasadopteda string classthat solves
thisproblem:string objectsdoall thework for you, in just thewayyou’d expect,includingkeeping
trackof memoryevenduringassignmentsandcopy-constructions. You simply don’t needto think
aboutit.

Oneof theplaceswherethis is particularlyusefulis pointedout in theprior example.At theend
of main( ), itwasnecessaryto move throughthewholelist anddeleteall theshapepointers.

for (iter j = shapes.begin(); j != shapes.end(); j++)
delete *j;

This highlightswhat could be seenasa flaw in the STL: there’s no facility in any of the STL
containersto automaticallydeletepointersthey contain,so you mustdo it by hand. It’s asif the
assumptionof the STL designerswas that containersof pointersweren’t an interestingproblem,
althoughI assertthatit is oneofthemorecommonthingsyou’ll wantto do.

Automaticallydeletinga pointerturnsout to be a ratheraggressive thing to do becauseof the
multiplemembershipproblem.If acontainerholdsapointerto anobject,it’snotunlikelythatpointer
could also be in anothercontainer. A pointer toan aluminum object in a list of trash pointers
couldalsoresidein a list of aluminum pointers.Thenwhich list is responsiblefor cleaningup that
object- which list “owns” theobject?

Thisquestionis virtually eliminatedif theobjectratherthanapointerresidesin thelist. Thenit
seemsclearthatwhenthelist is destroyed,theobjectsit containsmustalsobedestroyed. Here,the
STL shines,asyoucanseewhencreatingacontainerofstring objects:
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//: STRLIST.CPP -- A list of strings

#include <string>
#include <vector>
#include <fstream>
#include <strstream>
#include <assert.h>

using namespace std;
int main(int argc, char* argv[])
{

assert(argc == 2);
ifstream in(argv[1]);
assert(in);

vector<string> strings;
vector<string>::iterator w;
const int sz = 255;
char buf[sz];
while ( in.getline(buf, sz) )

strings.push_back(buf);

// Do something to the strings...

int i = 1;
for (w = strings.begin(); w != strings.end(); w++)
{

ostrstream os(buf, sz);
os << i++ << ends;
*w = string(buf) + string(": ") + *w;

}

// Now send them out:
for ( w = strings.begin(); w != strings.end(); w++)

cout << *w << endl;
// string objects clean themselves up,
// since they aren’t pointers!
return 0;

}

Notetheuseof thenew C++ includesyntax:

#include <string>

Whenthere’s no extension,it indicatesa C++ file; the .h extensionsindicateC headers.Your
programmingsystemis supposedto translatefrom theextensionlessheadernameto theappropriate
nameon the local system.Sincemostprogrammingsystemsdon’thave any kind of directsupport
for this (BorlandC++ 5 doessupportit automatically, so you canusetheextensionornot, asyou
choose)it’s easyto usethis syntaxanyway: simplymake a copy of thefile with theextensionto the
extensionlessversion. Of course,youcancontinueto usetheold styleof includeif youwish. Notice
that
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#include <strstream>

givesanamethatis ninecharacterslong,but if youmove to theINCLUDE directoryyou’ll see
thatthefile nameis still STRSTREAM.H,sothesystemis performingthetranslationfor you.

Oncestrings is created,eachline in thefile is readinto buf andthensimultaneouslyturnedinto
a string andput in thevector:

while ( in.getline(buf, sz) )
strings.push_back(buf);

Sincestrings is a vector� string � , push_back()is expectinga string argument. It is handed
a char* , so the compiler looks for a way to automaticallyconvert it intoa string object. The
string(char*) constructorproducesthenecessaryautomatictypeconversion.

Theoperationthat’s beingperformedon thisfile is to addlinenumbers.Theeasiestway to turn
numbersinto stringsis to puttheminto a stream,so an ostrstream (which formatstoa block of
memory)is used,with theconstructorthatacceptsthememoryyou wantto useandthesizeof that
memory. Thenyou canwrite anything you want into that memoryandit endsup formattedthere
(but rememberto addanull terminatorto theendof thestringwith ends!). Youcanevengetfancier
formatting,suchasjustificationwithin afield.

ostrstream os(buf, sz); os << i++ << ends;

Assemblingstring objectsis quiteeasy, sinceoperator+ is overloaded.Amazinglyenough,the
iteratorw canbedereferencedto produceastringthatcanbeusedasbothanrvalueandanlvalue:

*w = string(buf) + string(": ") + *w;

Thefactthatyoucanassignbackinto thecontainervia theiteratormayseemabit surprisingat
first, but it’s a tributeto thecarefuldesignof theSTL.

Theoperator ��� is overloadedfor ostreamandstring, soyoucanjustdereferencetheiterator
to producethestring andsendtheresultto cout.

Becausethe vector� string � containsthe objectsthemselves,a numberof interestingthings
take place.First,nocleanupis necessary. Evenif youwereto putaddressesof thestring objectsas
pointersinto othercontainers,it’s clearthatstrings is the“masterlist” andmaintainsownershipof
theobjects.

Second,youareeffectively usingdynamicobjectcreation,andyetyouneverusenewor delete!
That’s because,somehow, it’s all takencareof for youby thevector (this is non-trivial. Youcantry
to figure it out by looking at the headerfiles for the STL - all the codeis there- but it’s quite an
exercise).Thusyour codingis significantlycleanedup.

Thelimitation of holdingobjectsinsteadof pointersinsidecontainersis quitesevere:youcan’t
upcastfrom derived types,thusyou can’t usepolymorphism.Theproblemwith upcastingobjects
byvalue is that they get slicedandconverteduntil their type is completelychangedinto the base
type,andthere’snoremnantof thederivedtypeleft. It’sprettysafeto saythatyounever wantto do
this.
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3 Inheriting from STL containers

The power of instantlycreatinga sequenceof elementsis amazing,andit makesyou realizehow
muchtime you’ve spent(or rather, wasted)in thepastsolving this particularproblem. For exam-
ple,many utility programsinvolve readingafile into memory, modifying thefile andwriting it back
out to disk. Onemight aswell take the functionality in STRLIST.CPPandpackageit into a class
for laterreuse.

Now thequestionis: doyoucreateamemberobjectof typevector, or doyouinherit?A general
guidelineis to alwaysprefercomposition(memberobjects)over inheritance,but with theSTL this
is oftennot true,becausetherearesomany existing algorithmsthatwork with theSTL typesthat
you maywantyour new typeto beanSTL type.Sothelist of strings shouldalsobea vector, thus
inheritanceis desired.

//: STREDIT.H -- File editor tool
#include <string>
#include <vector>
#include<iostream>

using namespace std;
class streditor : public vector<string>
{

public:
streditor(char* filename);
void write(ostream& out = cout);

};

The constructoropensthe file and readsit into the streditor,andwrite( ) puts the vector of
string ontoany ostream. Noticein write( ) thatyoucanhave a default argumentfor a reference.

Theimplementationis quitesimple:

//: STREDIT.CPP -- File editor tool
#include "stredit.h"
#include <fstream>
#include <assert.h>

streditor::streditor(char* filename)
{

ifstream in(filename);
assert(in);
const int sz = 255;
char buf[sz];
while ( in.getline(buf, sz) )

push_back(buf);
}

void streditor::write(ostream& out)
{

for ( iterator w=begin(); w!=end(); w++)
out << *w << endl;

}
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Thefunctionsfrom STRLIST.CPParesimplyrepackaged.Oftenthis is thewayclassesevolve -
youstartby creatingaprogramtosolveaparticularapplication,thendiscoversomecommonly-used
functionalitywithin theprogramthatcanbeturnedinto aclass.

Theline numberingprogramcannow berewrittenusingstreditor:

//: STREDTST.CPP -- Test the file edit tool
#include "stredit.h"
#include <strstream>

using namespace std;

int main(int, char* argv[])
{

streditor
File(argv[1]); // Do something to the strings...
const int sz = 255;
char buf[sz];
int i = 1;
streditor::iterator w = File.begin();
while ( w != File.end() )
{

ostrstream os(buf, sz);
os << i++ << ends;
*w = string(buf) + string(": ") + *w;
w++;

} // Now send them to cout:
File.write(cout);
return 0;

}

Now theoperationof readingthefile is in theconstructor:

streditor File(argv[1]);

andwriting happensin thesingleline:

File.write(cout);

Thebulk of theprogramis involvedwith actuallymodifying thefile in memory.

3.1 Directory listing

As anotherexample,considerthecreationof adirectorylisting: youneedaplaceto keepall thefile
namesin a directory. Both a list anda vector seemto solve theproblem,but you probablywon’t
needto insertelementsin themiddlesowe’ll startwith avector (later, sortingmaywork betterwith
a list, but theSTL is designedto accommodateeasychanges).

This tool createsa vector� string � , thus it’s holdingt he string objectsthemselves and not
pointers,soyou don’t have to worry aboutwho’s responsiblefor cleaningup. Thevector “owns”
thestring objects.
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//: FILELIST.H -- general file lister

#include <string>
#include <vector>
#include <iostream>

using namespacestd;

class filelist : public vector<string>
{

public:
filelist (const char* afn ="*.*");
void listall (ostream& os = cout,

const char* sep = "\n");
};

Only two memberfunctionsarenecessaryto implementthe class. The constructorperforms
the filenameexpansion,filling up the vector, and the listall( ) function prints the informationto
an ostream reference(defaulting to cout), delimitedwith your choiceof separator(defaulting to
newline). But is this meagerlistall( ) function the limit of what you cando with a filelist? No!
Becauseit’s inheritedfrom vector, you cando anything to it that you canto a vector, including
creatinganiteratorandtraversingthelist for whatever your purpose.You canalsousethevector’s
indexing operator

���
. Youcanseeall threeoperationsin thisexample:

//: FLTEST.CPP -- test file lister
#include "filelist.h"

main()
{

filelist files;
files.listall();
for (int i = 0; i < files.size(); i++)

cout << "(" << files[i] << ")" << endl;
copy (files.begin(), files.end(),

ostream_iterator<string>(cout, "\n"));
}

First, listall( ) is called,allowing it to useits default arguments. Second,a for loop counts
from 0 to size() (avector memberfunction)andthevector indexing operator

���
is usedto produce

eachstring object. Finally, in the call to copy( ) (an STL algorithm that’s part of the Standard
C++ Library) youcanseetheiteratorsproducedby begin( ) andend( ) passedin asarguments;the
begin( ) iteratoris usedto move throughthesequenceuntil end( ), asseenin theearlierexample.

The third iterator (that’s what it is) in the call to copy( ) requiressomeexplanation. copy( )
andmany of theotherSTL algorithmsjust want to talk to iterators.In thecaseof copy( ), thethree
argumentsareall iterators,specifying“where do I start”, “where do I finish”, and “where am I
copying to”? An ostream is a bit like a container(you put stuff into it, right?) sosomeonedecided
it would beconvenientto createanobjectthatactslike an iteratorin orderto convenientlytalk to
thatcontainer:theostream_iterator. This is a template;the templateargumentis the typeyou’re
writing to theostream (andthis typemusthave anoverloadedoperator ��� for ostreams), andthe
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constructorargumentsarethespecificostreamyou’re writing to andthedelimiterto insertbetween
eachwrite. Thus,

copy (files.begin(), files.end(),
ostream_iterator<string>(cout, "\n"));

means:“start at thebeginningof files andgo totheend,andcopy eachstring elementto cout,
separatingeachwith anewline.” Of course,you couldwrite thecodeyourselfaswasdonewith the
for loop,but thecopy() form is succinctandoftenused.It’salsoquiteeasyto changeyourmindand
decideto move theinformationto acompletelydifferentcontainer, sincetheonly accessis through
aniterator(whichall containerscanproduce).

The constructorusesfunctionsfound in the Borland-specificdir ect.h file, but this is not im-
portant,sincetheinformationis hiddenin the implementation,andcanthusbechangedto suit the
operatingsystemandlibrary:

//: FILELIST.CPP -- Member function definitions
#include "filelist.h"
#include <direct.h> // DOS directory

functionsfilelist::filelist(const char* afn )
{

ffblk fileinfo;
int done = findfirst(afn, &fileinfo, 0);
while (!done) // automatic type conversion:
{

push_back(fileinfo.ff_name);
done = findnext(&fileinfo);

}
}

void filelist::listall(ostream& os, const char* sep)
{

for (iterator i = begin(); i != end(); i++)
os << (*i).c_str() << sep;

}

Somethingthatmaystrike you ascuriousat first is the for loop in listall . Why canyou simply
say“ iterator ”, “begin( )” and“end( )” without referringto theclassor object?Becausefilelist is
inheritedfrom vector� string � , all thosememberfunctionsandthenestedclassarepart of filelist,
soyoucanjust referto them.

Now thatyouhavethetool, creatingalist of fileswithin aprogrambecomeseffortless.But even
moreamazingis how easyit wasto createthetool itself - becausemostof thework hasbeendone
in theSTL.

4 The amazing set

Thesetproducesa containerthatwill acceptonly oneofeachthing you placein it; it alsosortsthe
elements.To enablethis you must tell the sethow to sort the elementsusinga secondtemplate
argument.For asetof int , yousay:
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set <int, less<int>> intset;

The less� int � is what establishesthe sort order, which is ascending.Only in rarecaseswill
you useanything except less� type � asthesecondargument. This argumentallows you to create
specialsortordersby definingadifferentclass,which is beyondthescopeof thispaper.

To seehow asetworks,considerasetof int :

//: INTSET.CPP -- Simple use of STL set
#include <set.h>

using namespace std;
void main()
{

set <int, less<int>> intset;
for(int i = 0; i < 25; i++)

for(int j = 0; j < 10; j++) // Try to insert multiple copies:
intset.insert(j); // Print to output:

copy(intset.begin(),
intset.end(), ostream_iterator<int>(cout, "\n"));

}

The insert( ) memberdoesall the work: it tries putting the new elementin, rejectsit if it’s
alreadythere,andkeepsthe list sorted.Very often theactivities involved in usinga setaresimply
insertionanda testto seewhetherit containstheelement.You canalsoform a union,intersection,
or differenceof sets,andtestto seeif onesetis asubsetof another.

Considertheproblemof creatinganindex for abook.Youmight like to startwith all thewords
in thebook,but you only wantoneeachandyou want themsorted.Of course,a set isperfectfor
this,andsolvestheproblemeffortlessly:

//: WORDLIST.CPP -- Find unique words
#include <string>
#include <set>
#include <fstream>
#include <assert.h>

using namespace std;

const char* delimiters =
" \t;()\"<>:{}[]+-=&*#.,/\\" "0123456789";

main (int argc, char* argv[])
{

assert(argc == 2);
ifstream in(argv[1]);
assert(in);

set<string, less<string>> concordance;
const sz = 1024; char buf[sz];

while (in.getline(buf,sz)) // Capture individual words:
{
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char* s = strtok(buf, delimiters);
while (s)
{
concordance.insert(s); // Auto
type conv.s = strtok(0, delimiters);

}
} // output results:
copy(concordance.begin(), concordance.end(),

ostream_iterator<string>(cout, "\n"));
}

This is just an extensionof the previous example,but it opensa file, readseachline andthen
breaksit up into wordsusingtheStandardC library functionstrtok( ). Otherthanthatthesetdoes
all thework. Considerhow mucheffort it would be to accomplishthesametaskin C, or even in
C++ without theSTL.

Youdon’t have to useaset just to getasortedsequence.Youcanusethesort( ) function(along
with amultitudeof otherfunctionsin theSTL) on avector or list.

5 The magic of maps

A map is anassociativearray, which meansyou associateoneobjectwith anotherin anarray-like
fashion,but insteadof selectinganarrayelementwith a numberasyou do with anordinaryarray,
you look it up with an object! The examplewhich follows countsthe wordsin a text file, so the
index is the string objectrepresentingthe word, andthe valuebeinglooked up is the object that
keepscountof thestrings.

In a single-itemcontainerlike a vector or list,there’s only onething beingheld. But in a map,
you’vegot two things:thekey (whatyoulook upby, asin mapname

�
key

�
) andthevaluethatresults

from the lookupwith thekey.This is fine aslong asyou’re usinganarray-stylelookup,butwhatif
you simply want to move throughtheentiremapandlist eachkey-valuepair? Of courseyou use
an iterator, like everythingelsein theSTL, but sincetherearetwo items- thekey andthevalue-
whichoneshouldtheiteratorproduce?Dereferencingamap iteratorproducesbothitems,packaged
togetherinto asingleobject(sinceafunctioncanonly returnasinglevalue)calledapair , a template
whosesolereasonfor existenceis to packagetwo objects. The definition for pair is remarkably
simple:

template <class T1, class T2> struct pair
{

T1 first;
T2 second;
pair (const T1& a, const T2& b) : first(a), second(b) {}

};

Youcanseethatit doesnothingelsebut thepackagingoperation.You accessthemembersof a
pair by selectingfirst or second.

This samephilosophyof packagingtwo itemstogetheris alsousedto insertelementsinto the
map,but the pair is createdaspart of the instantiatedmap andis calledvalue_type, containing
thekey andthevalue. Sooneoption for insertinga new elementis to createa value_typeobject,
loadingit with theappropriateobjectsandthencalling the insert( ) memberfunctionfor themap.
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However, thefollowing examplewill makeuseof aspecialfeatureof map: if you’re trying to findan
objectby passingin akey to operator

���
andthatobjectdoesn’t exist, operator

� �
will automatically

inserta new key-valuepair for you, usingthedefault constructorfor thevalueobject. With that in
mind,consideranimplementationof awordcountingprogram:

//: WCOUNT.CPP -- Word Count with map class
#include <string>
#include <map>
#include <fstream>
#include <assert.h>

using namespace std;

class Count
{

int i;
public:

Count() : i(0) {}
void operator++(int) { i++; } // post-increment
int val() { return i; }

};

typedef map<string, Count, less<string> > wordmap;

const char* delimiters = "\t.,:;\"{}-+&^%$#@!~‘?/’\\|()[]<>*=";

int main(int argc, char* argv[])
{

assert(argc == 2);
ifstream in(argv[1]);
assert(in);

wordmap words;
const int sz = 255;
char buf[sz];
while(in.getline(buf, sz))
{

char* word = strtok(buf, delimiters);
while(word)
{
words[string(word)]++;
word = strtok(0, delimiters);

}
}
for (wordmap::iterator w = words.begin();

w != words.end(); w++)
cout << (*w).first << ": " << (*w).second.val() << endl;

return 0;
}

Theneedfor theCount classis to containan int that’s automaticallyinitialized to zero.This is
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necessarybecauseof thecrucialline:

words[string(word)]++;

Thisfindstheword thathasbeentokenizedby strtok( ) (asmentionedearlierin thispaper)and
incrementstheCount objectassociatedwith thatword,which is fineaslongasthereis akey-value
pair for thatstring. If thereisn’t, themap automaticallyinsertsa key for theword you’re looking
up, and a default Count object, which is initialized to zero by the constructor. Thus, when it’s
incrementedtheCount becomes1.

Printing the entire list requirestraversingit with an iterator (there’s no copy( ) shortcutfor a
map). Aspreviously mentioned,dereferencingthis iteratorproducesa pair object,with the first
memberthekey andthesecondmemberthe value. In this casesecondis a Count object,so it’s
val( ) membermustbecalledto producetheactualwordcount.

If you want to find the countfor a particularword, you canusethe arrayindex operator, like
this:

cout << "the: " << words["the"] << endl;

A morecomplicatedversionof map is themultimap which allows you to associatemorethan
oneobjectwith a key. A perfectexampleis a thesaurus,whereyou have a word andyou want to
know all thewordsthataresimilar. Whenyou look up a word, then,you’ll getbackaniteratorto a
list of words.There’s anexampleof amultimap in theRogueWaveHelpFiles,mentionedlater.

6 STL algorithms

Theotherhalf of theSTL is thealgorithms,whicharetemplatizedfunctionsdesignedto work with
thecontainers.You’veseenoneexamplealreadyin thecopy( ) algorithmusedin WORDLIST.CPP:

copy ( concordance.begin(),
concordance.end(),
ostream_iterator<string>(cout, "\n") );

The original designintent of the STL wasaroundthe algorithms. The goal wasthat you use
algorithmsfor almostevery pieceofcodethatyou write. In thissenseit wasa bit of anexperiment,
andwewon’t know for awhile how well it works.Thereasonfor this is thatall thesyntaxrequired
to supporttheSTL algorithmsisn’t in placeyet.

As anexample,considerthe for_each() algorithm.You handthis two iteratorsfor thestarting
andendingpoints,anda pointer to a function that takesan argumentof the sametype that your
iteratorsproduce. for_each( ) will sweepfrom the beginning to the end, pull out eachelement
and passit as an argumentwhile it dereferencesyour function pointer. So for_each( ) actually
performstheoperationsthathave beenexplicitly written out in mostof theexamplesin this paper.
In STLSHAPE.CPP, for example:

for ( iter j=shapes.begin(); j!=shapes.end(); j++)
delete *j;

Youcanseethisclearlyif you look at thetemplatedescribingfor_each():
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template <class InputIterator, class Function> Function
for_each ( InputIterator first,

InputIterator last,
Function f)

{
while (first != last)
f(*first++);

return f;
}

Thefirst impressionof thisseemsfairly simple:Function mustbeapointerto a functionwhich
takes,asanargument,anobjectof whatever InputIterator selects.However, thefollowing example
shows thatthereareactuallyanumberof differentwaysthis templatecanbeexpanded:

//: Algo1.cpp -- Use of STL for_each algorithm
#include <iostream>
#include <vector>
#include <algo>
#include <defalloc.h>

#ifdef __BORLANDC__
using namespace std;
#endif

class foo
{

static int count;
char * id;

public:
foo (char * ID) : id(ID) { count++; };
~foo() {

cout << id << " count = " << --count << endl;
}

};

int foo::count = 0;

class fooVector : public vector<foo*>
{

public:
fooVector(char* ID) {

for(int i = 0; i < 5; i++)
push_back(new foo(ID));

}
};

// (1) Simple function
void Destroy(foo* fp) { delete fp; }

// (2) Template class w/operator()()
template <class T> class Destroy
{
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public:
void operator()(T x) {

delete x;
}

};

// (3) Template function
template <class T>void wipe(T* x)
{

delete x;
};

// (4) Defalloc.h deallocate() template function
// Borland memory.h has a deallocate template
// that supercedes the one in defalloc.h. This
// is a problem for their STL implementation.
// The following is the same as in defalloc.h,
// with a distinct name. It doesn’t get the
// desired results because
// operator delete(buffer) doesn’t call
// the destructor.
//
template <class T> inline void my_dealloc(T* buffer)
{

::operator delete(buffer);
// delete buffer;
// this works correctly

}

// (5) Why not have a generic tool to handle
// this problem?

template <class InputIterator>
void delete_all (InputIterator first,

InputIterator last)
{

while (first != last)
{

delete *first;
first++;

}
};

void main()
{

fooVector A("one");
for_each(A.begin(), A.end(), Destroy);

#ifdef _MSC_VER // Won’t compile with BC5.01
fooVector B("two");
for_each(B.begin(), B.end(), Destroy<foo*>());

#endif
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#ifdef __BORLANDC__
// Won’t compile with VC++ 4.2
fooVector C("three");
for_each(C.begin(), C.end(), wipe);
fooVector D("four");
// Correct behavior, but doesn’t produce
// desired results
for_each(D.begin(), D.end(), my_dealloc<foo*>);
// Also compiles correctly:
fooVector D2("four and 1/2");
for_each(D2.begin(), D2.end(), my_dealloc);

#endif

fooVector E("five");
delete_all(E.begin(), E.end());
// Maybe this isn’t so bad after all:
fooVector F("six");
for ( fooVector::iterator i = F.begin();

i != F.end(); i++)
{

delete *i;
}

}

Firstof all, you’ll noticethatwe’vemovedinto no-compiler’s land,asneitherof thetwo promi-
nentcompilerswill acceptthisentireprogram.But it seemsreasonablysafeto assumethatsomeday
all compilerswill acceptit.

Theclassfoo keepsa staticcountof how many foo objectshave beencreated,andtells you as
they aredestroyed. In addition,eachfoo keepsachar* identifierto make trackingtheoutputeasier.

The fooVector is inheritedfrom instantiatedvector� foo* � , and in the constructorit creates
somefooobjects,handingeachoneyourdesiredchar* . ThefooVector makestestingquitesimple,
asyou’ll see.

Thecommentednumbersnext to theapproachesfor destructioncorrespondto thestringsused
to createthecorrespondingfooVector in main( ). Approachoneis thesimplepointer-to-function,
which worksbut hasthe drawbackthat you mustwrite a new Destroy function for eachdifferent
type. Theobvioussolutionis to make a template,but approachtwo shows thata templatewith an
overloadedoperator( )( ) will alsowork, althoughBorland5.01won’t compileit.

On theotherhand,approachthreealsomakessense:why notusea templatefunction?Borland
handlesthisfine,but Microsoft 4.2won’t compileit.

Therealquestionis this: sincethis is obviously somethingyou might want to do a lot, there’s
probablyalreadyawayto do itin theSTL, right?Well, themostlikely candidateis thedeallocate()
templatethat’s in defalloc.h. However, Borland hasa deallocate() templatein memory.h that
clasheswith this,andthat’s a problemfor theSTL. But to try it out anyway, I’ve copiedtheproper
deallocate() from defalloc.h andgiven it a uniquenamefor approachfour: my_dealloc(). This
compilesfine,but it doesn’t producethedesiredresultsbecausethecode::operator delete(buffer) ;
explicitly says“just releasethememory, don’t call thedestructor”which isn’t whatwewant.Sothe
approachfails andyoucannotjustwrite asimpleline of codeusingthepre-existing STL code.
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Sincethat failed, it seemslike thereshouldbeanalgorithmto deleteall thepointersin a con-
tainer, sowhy not make one. Approachfive doesthis usingfor_each() asa startingpoint. This is
niceandsinceyou have thesourcecodefor theSTL in theheaderfiles, you couldmake your own
extensionby insertingthis into algo.h. But it’s toobadits notpartof thestandard.

After looking at all theseissues,approachsix, which is theoneusedthroughouttherestof the
paper, doesn’t look sobadanymore.It’sa few morecharactersto typebut it’seasy, straightforward,
andyouknow whatit will do. On theotherhand,for_each() is a relatively simplealgorithmandif
you aretrying to do somethingmorecomplicatedit maybewell worth your while to look through
theSTL algorithmsto seeif partor all of your problemis alreadysolved.

7 Where to go from here

Much of the time you will find yourself making relatively simple useof the STL. Either you’ll
just createcontainersof objects(asshown earlier, string is probablythemostpopularcandidate),
or you’ll createcontainersof pointersto baseclassesto supportpolymorphiccalls on groupsof
objects. The convenience,efficiency and reliability of the STL for theseactivities will certainly
improve your programmingproductivity.

However, theSTL haspowerful implicationsasa tool with whichtocreateothertools,aswas
briefly shown in theSTREDITandFILELIST tools. It’s asif theSTL hasturnedC++ into a “Very
High Level Language”by moving you away from the low level details. As a result, peopleare
beginningto createsomeverypotenttools.

When you step into this realm you must begin to understandmuch more of the underlying
structureof theSTL; thelearningcurve from relatively simpleusageto creatingsophisticatedtools
is rathersteepandshouldn’t betakenlightly.

The easiestplaceto startwhen looking for morecomplexity is in the help file andexamples
that comewith the StandardC++ Library from RogueWave (packagedas part of Borland C++
5). Hereyou’ll find descriptionsandexamplesof the restof theSTL containersaswell asall the
algorithms. Many of the examplesareuseful andnontrivial, suchasan inventory system,radix
sort, spellingchecker, telephonedatabase,graphs,a concordance,an RPN calculator, bank teller
simulation,polynomialroot finder, andmore.

Othergoodresourcesarethe C++ Programmer’s Guideto the Standard TemplateLibrary by
Mark Nelson(IDG Books1995,ISBN1-56884-314-3)andTheSTLPrimer by GrahamGlassand
Brett Schuchert(Prentice-Hall1996,ISBN 0-13-454976-7).

In the past10 yearsBruceEckel haspublishedover 100 articlesandgiven talks and
seminarsto thousandsthroughouttheworld. For moreinformationonconsulting,train-
ing andpublic seminars,visit MindView1, or emailBruce@EckelObjects.com.

1SeeURL http://www.MindView.net
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