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Simple Link ed List

� Useful when the n um b er of elemen ts is not

kno wn or v aries widely during execution

� Allo ws e�cien t insertion to head, sequen tial

access.

a list

link link link link

?

- - -
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V ariation { Head and T ail

P oin ters

Allo ws e�cien t insertion and remo v al from b oth

head and tail

a list

link link link link

?

- - -

-

�

?
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V ariation { Doubly Link ed

List

Allo ws mo v emen t either forw ard or bac kw ard.

a list

link link link link

?

- - -

� � �

STL list is com bination of head and tail p oin ters

and double links.
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Summary of List

Op erations
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Constructors and Assignmen t

list < T > v; default constructor

list < T > v (aList); cop y constructor

l = aList assignmen t

l.swap (aList) sw ap v alues with another list

Elemen t Access

l.front () �rst elemen t in list

l.back () last elemen t in list

Insertion and Remo v al

l.push front (value) add v alue to fron t of list

l.push back (value) add v alue to end of list

l.insert (iterator, value) insert v alue at sp eci�ed lo cation

l.pop front () remo v e v alue from fron t of list

l.pop back () remo v e v alue from end of list

l.erase(iterat or ) remo v e referenced elemen t

l.erase(iterat or ,i te ra to r) remo v e range of elemen ts

l.remove (value) remo v e all o ccurrences of v alue

l.remove if (predicate) remo v al all v alues that matc h condition

Size

l.empty () true if collection is empt y

l.size () return n um b er of elemen ts in collection

Iterators

list<T>::itera to r itr declare a new iterator

l.begin () starting iterator

l.end () ending iterator

Miscellaneous

l.reverse () rev erse order of elemen ts

l.sort () place elemen ts in to ascending order

l.sort (comparison) order elemen ts using comparison function

l.merge (list) merge with another ordered list
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Declaring a new List

list < int > list one;

// list of p oin ters to widgets

list < Widget � > list;

list < Widget > list three; // list of widgets

list < int > list four (list one);

list < Widget > list �ve;

list �ve = list three;

// exc hange v alues in lists one and four

list one.sw ap (list four);
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Adding Elemen ts to a List

list one.push front (12);

list three.push back (Widget(6));

// insert widget 8 at end of list

list three.insert (list three.end(), Widget(8));

// �nd the lo cation of the

// �rst 5 v alue in list

list < int > ::iterato r lo cation =

�nd (list one.b egin(), list one.end(), 5);

// and insert an 11 immediate b efore it

lo cation = list one.insert (lo cation, 11);
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Erasing Elemen ts from a

List

list nine.erase (lo cation);

// erase all v alues b et w een the �rst 5

// and the follo wing 7

list < int > ::iterato r sta rt =

�nd (list nine.b egin(), list nine.end(), 5);

list < int > ::iterato r stop =

�nd (lo cation, list nine.end(), 7);

list nine.erase (sta rt, stop);

list nine.remove (4); // remo v e all fours

// remo v e elemen ts divisible b y 3

list nine.remove if (divisableByThree);
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Num b er of Elemen ts

cout � "Number of elements: "

� list nine.size () � endl;

if ( list nine.empt y () )

cout � "list is empty " � endl;

else

cout � "list is not empty " � endl;

int num = 0;

count (list �ve.b egin(), list �ve.end(),

17, num);

if (num > 0)

cout � "contains a 17" � endl;

else

cout � "does not contain a 17" �

endl;
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Sort, Rev erse

// place elemen ts in to sequence

list ten.so rt ( );

// sort using

// the widget compare function

list t w elve.so rt (widgetCompa re);

// elemen ts are no w rev ersed

list ten.reverse();
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Insert Iterators

Assignmen t to an iterator is normally an

o v erwriting op eration, replacing the con ten ts of

the targeted lo cation.

cop y (list one.b egin(), list one.end(),

list t w o.b egin());

F or lists (and sets) often instead w an t to p erform

insertion . Can b e done b y creating a list insert

iterator.

cop y (list one.b egin(), list one.end(),

back inserter(list t w o));

Other insert iterators front inserter , and inserter .
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Adaptors

� An insert iterator is a form of adaptor .

� An adaptor c hanges the in terface to an

ob ject, but do es little or no w ork itself.

� In this case, c hange the insert in terface in to

the iterator in terface.

� W e will later see man y di�eren t t yp es of

adaptors
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Example

Program{In v en tory System

A business, WorldWideWidgetWorks ,

man ufactures widgets.

class Widget f

public:

// constructors

Widget () : id numb er (0) f g

Widget (int a) : id(a) f g

// op erations

int id () f return id numb er; g

void op erato r = (Widget & rhs)

f id numb er = rhs.id numb er; g

b o ol op erato r == (Widget & rhs)

f id numb er == rhs.id numb er; g

b o ol op erato r < (Widget & rhs)

f id numb er < rhs.id numb er; g

p rotected:

int id numb er; // widget iden ti�cation n um b er

g ;
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In v en tory

In v en tory is t w o lists { items on hand, items on

bac k order.

//

// class in v en tory

// manage in v en tory con trol

class invento ry f

public:

// pro cess order for widget t yp e wid

void o rder (int wid);

// receiv e widget of t yp e wid

// in shipmen t

void receive (int wid);

p rotected:

list < Widget > on hand;

list < int > on o rder;

g ;
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Item Arriv es in Shipmen t

void invento ry::receive (int wid)

// pro cess a widget receiv ed in shipmen t

f

cout �

"Received shipment of widget type "

� wid � endl;

list < int > ::iterato r w e need =

�nd (on o rder.b egin(), on o rder.end(),

wid);

if (w e need != on o rder.end()) f

cout � "Ship " � Widget(wid) �

" to fill back order" � endl;

on o rder.erase(w e need);

g

else

on hand.push front(Widget(wid));

g
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Item Arriv es on Order

void invento ry::o rder (int wid)

// pro cess an order for a widget with giv en

id n um b er

f

cout �

"Received order for widget type "

� wid � endl;

list < Widget > ::iterato r w e have =

�nd if(on hand.b egin(), on hand.end(),

WidgetT ester(wid));

if (w e have != on hand.end()) f

cout � "Ship " � � w ehave � endl;

on hand.erase(w e have);

g

else f

cout � "Back order widget of type "

� wid � endl;

on o rder.push front(wid);

g

g
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F unction Ob jects

Created lik e an instance of a class, w orks lik e a

function.

class WidgetT ester f

public:

WidgetT ester (int id) : test id(id) f g

int test id;

// de�ne the function call op erator

b o ol op erato r () (Widget & wid)

f return wid.id() == test id; g

g ;
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Course Registration System

Problem: Ho w to assign studen ts to courses,

create rep orts for b oth instructors and studen ts.

Tw o input �les

...

ART101 60

HIS213 75

MTH412 35

...

...

Smith,Amy ART101

Smith,Amy MTH412

Jones,Randy HIS213

...
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Represen tation of Classes

//

// class course

// information ab out one course

class course f

public:

course (string n, int s) : name(n), size(s) f g

// op erations

b o ol full ()

f return students.size() > = max; g

void addStudent (student � s)

f students.push back(s); g

void generateClassList ();

p rotected: // data �elds

string name;

int max;

list < student � > students;

g

Lists Chapter 9



Data Structures in C++ 22

Reading the Course File

list < course � > all courses;

void readCourses (istream & in�le)

// read the list of courses from

// the giv en input stream

f

string name;

int max;

while (in�le � name � max) f

course � newCourse =

new course (name, max);

all courses.push back (newCourse);

g

g
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Represen tation of Studen ts

//

// class studen t

// information ab out a single studen t

class student f

// pro vide a shorter name for

// course iterators

t yp edef list < course � > ::iterato r citerato r;

public:

// constructor

student (string n) : nameT ext(n) f g

// op erations

void addCourse (course � c) f courses.push back(c); g

citerato r �rstCourse () f return courses.b egin(); g

citerato r lastCourse () f return courses.end(); g

void removeCourse (citerato r & citr)

f courses.erase(citr); g

p rotected:

string nameT ext;

list < course � > courses;

g ;
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Reading the Studen t File

list < student � > all students;

void readStudents (istream & in�le)

// read the list of studen t records

f

string name;

string course;

while (in�le � name � course) f

student � theStudent =

�ndStudent (name);

course � theCourse = �ndCourse (course);

if (theCourse != 0)

theStudent.addCourse (theCourse);

else

cout � "student " � name �

" requested invalid course "

� course � "\n" ;

g

g
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Finding the Studen t in the

list of Studen ts

student � �ndStudent (string & sea rchName)

// �nd (or mak e) a studen t record

// for the giv en name

f

list < student � > ::iterato r sta rt, stop;

sta rt = all students.b egin();

stop = all students.end();

fo r ( ; sta rt != stop; ++sta rt)

if (( � sta rt) ! name() == sea rchName)

return � sta rt;

// not found, mak e one no w

student � newStudent =

new student(sea rchName);

all students.push back (newStudent);

return newStudent;

g
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Merging the Tw o Lists

void �llCourses ()

// �ll studen ts as p ossible in eac h course

f

list < student � > ::iterato r s sta rt, s end;

s sta rt = all students.b egin();

s end = all students.end();

fo r ( ; s sta rt != s end; ++s sta rt) f

list < course � > ::iterato r c sta rt, c end;

list < course � > ::iterato r c next;

c sta rt = ( � s sta rt) ! �rstCourse();

c end = ( � s sta rt) ! lastCourse();

fo r ( ; c sta rt != c end; c sta rt = c next) f

c next = c sta rt; ++c next;

// if not full, add studen t

if (! ( � c sta rt) ! full())

( � c sta rt) ! addStudent ( � s sta rt);

else

( � s sta rt) ! removeCourse(c sta rt);

g

g g
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Remo v al

Note carefully ho w the remo v al is handled. It is

not legal to use a list iterator once it has b een

remo v ed from the list. So w e m ust get the next

elemen t b efore doing the remo v al.

-

�

-

�

-

�

-

�

?

c sta rt

?

c next

b efor e r emoval

-

�

-

�

�

�@

@

@

�

-

�

c sta rt

?

c next

after r emoval
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Generate Class List

void course::generateClassList ()

// prin t the class list of all studen ts

f

// �rst sort the list

students.so rt (studentCompa re);

// then prin t it out

cout � "Class list for "

� name � "\n" ;

list < student � > ::iterato r sta rt, stop;

sta rt = students.b egin();

stop = students.end();

fo r ( ; sta rt != stop; ++sta rt)

cout � ( � sta rt) ! name() � "\n" ;

g
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An Example

Implemen tation

template < class T >

class list f

public:

// t yp e de�nitions

t yp edef T value t yp e;

t yp edef listIterato r < T > iterato r;

// constructors

list () : �rstLink(0), lastLink(0) f g

// op erations

b o ol empt y () f return �rstLink == 0; g

int size();

T & back () f return lastLink ! value; g

T & front () f return �rstLink ! value; g

void p op front ();

void p op back ();

iterato r b egin () f return iterato r (this, �rstLink); g

iterato r end () f return iterato r (this, 0); g

void so rt ();

iterato r insert (iterato r, value);

void erase (iterato r & itr) f erase (itr, itr); g

void erase (iterato r &, iterato r &);
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p rotected:

link < T > � �rstLink;

link < T > � lastLink;

g ;
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Link, a facilitator class

w orking b ehind the scenes

template < class T > class link f

public:

link (T & v)

: value(v), nextLink(0), p revLink(0) f g

T value;

link < T > � nextLink;

link < T > � p revLink;

g ;
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W alking Do wn the List

In ternal op erations that access the en tire

structure simply w alk do wn the list.

template < class T > int list < T > ::size ()

// coun t n um b er of elemen ts in collection

f

int counter = 0;

link < T > � ptr = �rstLink;

fo r ( ; ptr != 0; ptr = ptr ! nextLink)

counter++;

return counter;

g

Lists Chapter 9



Data Structures in C++ 33

Adding a New Elemen t to

F ron t of List

a list

link link link link

?

- - -

� � �

List Befo re Adding New Element

a list

link link link link

new

link

�

�

�

�

�

��

- - - -

� � � �

List After Adding New Element
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Must Chec k for Empt y List

template < class T > void list < T > ::push front

(T & newV alue)

// add a new v alue to the fron t of a list

f

link < T > � newLink =

new link < T > (newV alue);

if (empt y())

�rstLink = lastLink = newLink;

else f

�rstLink ! p revLink = newLink;

newLink ! nextLink = �rstLink;

�rstLink = newLink

g

g
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Remo v al F rom List

template < class T > void list < T > ::p op front()

// remo v e �rst elemen t from link ed list

f

link < T > � save = �rstLink;

�rstLink = �rstLink ! nextLink;

if (�rstLink != 0)

�rstLink ! p revLink = 0;

else

lastLink = 0;

delete save;

g

Note ho w remo ving last elemen t from list is

handled as sp ecial case.
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List Iterators

List iterators m ust lo ok lik e p oin ters, but act

di�eren tly .

Can b e created as sp ecial class that k eeps an

in ternal p oin ter to the list, and to the curren t

link.
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Iterator Class

template < class T > class listIterato r f

t yp edef listIterato r < T > iterato r;

public:

// constructor

listIterato r (list < T > � tl, link < T > � cl)

: theList(tl), currentLink (cl) f g

// iterator proto col

T & op erato r � ()

f return currentLink ! value; g

void op erato r = (iterato r & rhs)

f theList = rhs.theList;

currentLink = rhs.currentLink; g

b o ol op erato r == (iterato r & rhs)

f return currentLink == rhs.currentLink; g

iterato r & op erato r ++ (int)

f currentLink = currentLink ! nextLink;

return this; g

iterato r op erato r ++ ();

iterato r & op erato r �� (int)

f currentLink = currentLink ! p revLink;

return this; g

iterato r op erato r �� ();

p rotected:

list < T > � theList; link < T > � currentLink; g ;
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P ostorder Decremen t is

More Complex

template < class T > listIterato r < T >

listIterato r < T > ::op erato r ++ ()

// p ost�x form of incremen t

f

// clone, then incremen t, return clone

listIterato r < T > clone (theList, currentLink);

currentLink = currentLink ! nextLink;

return clone;

g
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Insertion A t an Iterator

P osition

template < class T > void list < T > ::insert

(listIterato r < T > & itr, T & value)

// insert a new elemen t in to the

// middle of a link ed list

f

link < T > � newLink = new link(value);

link < T > � current = itr ! currentLink;

newLink ! nextLink = current;

newLink ! p revLink = current ! p revLink;

current ! p revLink = newLink;

current = newLink ! p revLink;

if (current != 0)

current ! nextLink = newLink;

g
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Remo v al of an Iterator

Range

template < class T >

void list < T > ::erase (listIterato r < T > & sta rt,

listIterato r < T > & stop)

// remo v e range of elemen ts

f

link < T > � �rst = sta rt ! currentLink;

link < T > � p rev = �rst ! p revLink;

link < T > � last = stop ! currentLink;

if (p rev == 0) f // remo ving initial

�rstLink = last;

if (last == 0)

lastLink = 0;

else

last ! p revLink = 0;

g

else f

p rev ! nextLink = last;

if (last == 0)

lastLink = p rev;

else

last ! p revLink = p rev;

g

// no w delete the v alues
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while (sta rt != stop) f

link < T > � next = sta rt;

++next;

delete sta rt;

sta rt = next;

g

g
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V ariation through

Inheritance

Inheritance is a p o w erful tec hnique for creating

new classes out of existing classes.

Basically , y ou simply sa y that the new thing is an

extension of the old thing. All data �elds,

mem b er functions and the lik e from the old

abstraction are a v ailable for free in the new class.

class newClass : public OldClass f

...

g
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Example, Ordered Lists

template < class T >

class o rderedList : public list < T > f

public:

void add (T & newV alue);

g ;

The only thing w e need add is a new metho d for

adding elemen ts to the list.

All other mem b er functions asso ciated with list

are still a v ailable, for free, with instances of this

new class.
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Adding the New V alue

Here is ho w a new v alue gets added to an ordered

list.

template < class T >

void o rderedList < T > ::add (T & newV alue)

// add a new elemen t to an ordered list

f

list < T > ::iterato r sta rt, stop;

sta rt = b egin();

stop = end();

while ((sta rt != stop) &&

( � sta rt < newV alue))

++sta rt;

insert (sta rt, newV alue);

g
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Application, List Insertion

Sort

template < class T >

void listInsertionSo rt (vecto r < T > & v)

// place a v ector in to order,

// using an ordered list

f

o rderedList < T > so rter;

// �rst cop y v ector to list

vecto r < T > ::iterato r sta rt = v.b egin();

vecto r < T > ::iterato r stop = v.end();

fo r ( ; sta rt != stop; ++sta rt)

so rter.add( � sta rt);

// then cop y list bac k to v ector

list < T > ::iterato r itr = so rter.b egin();

fo r (sta rt = v.b egin(); sta rt != stop; ++sta rt)

� sta rt = � itr++;

g
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Self Organizing Lists

template < class T >

class selfOrganizingList < T > : public list < T > f

public:

b o ol include (T & value);

g ;
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Includes test for SO list

template < class T >

b o ol selfOrganizingList < T > ::include (T & value)

// see if argumen t v alue o ccurs in list

f

// �rst �nd elemen t in list

list < T > ::iterato r stop = end();

list < T > ::iterato r where =

�nd(b egin(), stop, value);

// if not found, return false

if (where == stop)

return false;

// else remo v e from list,

// and mo v e to fron t

if (where != b egin()) f

erase (where);

push front (value);

g

return true;

g
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Priv ate, Protected and

Public

With inheritance, there are three lev els of

protection:

� public , accessible to the w orld

� p rotected , accessible to class and sub classes

� p rivate , accessible only to class (not ev en to

sub classes!)
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