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Sequential Lists
Array
Logical order matches physical order
i.e.. Class List = (2574, 2704, 2604)

[1] [2] [3]

Inserting & deleting
2574 2704 2604 elements in
sequential lists
Sequential Storage requires copying &

shifting of elements.

(Arrays)

Linked Lists

Logical group of ordered elements whose physical order is
independent of physical storage

Head 3—> 2574 \

Inserting & deleting 2704
elements in linked lists only
require changes to the links.

2604
Structure: (node)
Each node (element of list) contains:
Data (info) Field
g 5 X
Link Field Info £ Tail
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Self Referencing Structures 5. Linked Lists 3 Linked List Operations 5. Linked Lists 4

Linked Lists Declaration Ordered List Functions

struct node; //forward decl aration createList(L) : initializes L to be enpty
typedef node* nodePtr; C ides f
typedef int i nf oType; IOV QI enptylList(L) : tests if L is enpty
struct node { the declaration

i nfoType el ermrent ; of pointers to

nodePtr [|ink; structures full List(L) : tests if Lis full

before their

nodePtr list = NULL; //head ptr definition. retrieveE em( L, key, elem found)

returns el ement with key val ue Key

List Formation Example if it existsinlL
nodePt r = NULL, = NULL;
/1 assumpng a list %f ints list insert(L,newElem) : inserts newElemin L
p = new node;
->el ement = 120;
g- >l ink = NULL; renove(L, delElem: deletes element with same key
list = p; val ue as del El em

p->el emrent = 28;
p->link = 1list;
list = p;

nmodi fy(L, modEl en) : replaces existing elenent with
same key val ue as nodEl em

p->el ement = 6;

p->link = 1list; printList(L) : prints all the elements in L
list = p;
Tldelete p; (1?2?27 777 . . .
p = NULL; si zeLi st (L) : returns the nunber of elenents in
the list
P q = list; 71 #1
|:| q=g->link ; /1 #2 destroyList(L): deletes all elements in L
. q = list->link->link; // #3
list
E_>| 6 | '|28 | '|120 | This is NOT L he head poi
i how lists are L is the head pointer.
actually formed
#1 #3 and accessed.
q
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Linked List Operations 5. Linked Lists 5 Elementary Operations 5. Linked Lists 6

Considerations Initialization
Element (elem, newElem, delElem, modElem) is of type B eGrd T s under Ted
infoType void createlist ( nodePtr& L) { _
key is the member field of infoType that the list is ) L= NLL; [7set L = empty list
ordered upon
Empty Test

Type Defined Declaration

bool enmptyList ( nodePtr L) {
return( L == NULL );

struct node; //forward decl aration
typedef node* nodePtr;

typedef struct { /lalternatively implement one line

i m(‘joType Iel eEent ; /loperations as inline functions
nodePt r i nk;
} node; Full Test

nodePtr list = NULL ;

| /I Array Linked List Implementation.

printList
Localize dependencies: void printList ( nodePtr L) { e
nodePtr p = NULL; IS
bool |essThan(node el enl, node el en?); for (p =1L, p!=NUL p = p->link) Traversal
bool equal To(node el eml, node el en?); print El en(p->el enent);
bool greater Than(node el enl, node el en?); }
sizeL.ist

int sizeList ( nodePtr L) {
nodePtr p = NULL;
int x =0
for (p

= |_ p; p = p->link) x++;
return x;
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5. Linked Lists 7

Declarations: nodePtr L = NULL;
nodePtr p = NULL;
Four Cases o
Case #1: Insert into empty list
p = new node; L
p- >el ement = 6;
p->link = NULL
Case #2: Insert at end (tail) of list p
p = new node;
p->el ement = 120; L
p->link = NULL;

L->li nk = p;

ERHENTE

Case #3: Insert into middle of the list v

p = new node;

p- >el ement = 28;
p->link = L->link;
L->link = p;

Case #4: Insert at the front (head) of the list

= T

A
I
1
'

Ordered Insertion 5. Linked Lists 8

Ordered (ascending) List Insertion Function

bool insert( nodePtr& list, infoType elem {

nodePtr prevPtr, currPtr, newptr; -
newPtr = new node; prevPtr is used as

a ‘trailer’ pointer

if (newPtr == NULL)
return false; Il heap is enpty

newPt r - >el ement = el em

newPt r->link = NULL;

NULL; depends on Boolean

prevPtr
l'ist; short-circuiting

currbtr

while ((currPtr !'= NULL) &&
(greaterThan(elem currPtr->elenent)) {
prevPtr = currpPtr;
currPtr = currPtr->link;

if (prevPtr == NULL) { /linsert at head, if
newPtr->link = list; I empty |ist
list = newPtr;

el se {

prevPtr->link = newPtr; //insert in mddle
newPtr->link = currPtr; // or at tail

return true ; /'l successful insertion

head of list pointer (list)

L E—EHG_L:I—>|28 [ |-

lessThan, equalTo, greaterThan

P
o [ I 1]

Intro Data Structures & SE

must be passed by
reference.

Boolean functions are coded
specific to list element type.
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Consider the list:

NN NN N EaE

Three Cases
Case #1: Remove the head of the list

p =1
L= L->link;

[Tp->1ink = NULL; o [Hel (= ]

del ete p; )
7
o [7] 7

Case #2: Remove from middle of list

p = L->link;
L->link = p->link;
[/ p->link = NULL;
del ete p;

Case #3: Remove last element in list

Identical to removal of head.

Intro Data Structures & SE
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Ordered (ascending) List Removal Function

bool rermove( nodePtr& list, infoType del Elem ({
/] one-el enent node | ookahead
nodePtr ptr, delPtr;

ptr = 1list;
if (emptyList(list))
return false; /'l renoval failure
if (equal To(del Elem list->elenent) {
list = 1list-> link; /1 del ete head
delete ptr;
return true; /'l successful renoval

}

/1 check for 1-elenent Iist

if (ptr->link == NULL)
return false;

/1 list has > 1-el enment
/] perform 1-el enent | ook-ahead search
while( (ptr->link->link !'= NULL) &&
(!'equal To(del El em ptr->link->elenment))
ptr = ptr->link;

/1 renove middle or tail node
if (equal To(del El em ptr->link->elenent)){
del Ptr = ptr->link;
ptr->link = ptr->link->link;
del ete del Ptr;
return true; /'l successful renoval

/lend of list && del El em!found
return fal se; /1 renoval failure

lessThan, equalTo, greaterThan
functions provide semi-generic
list operations.

Trailer pointer method
is also applicable
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Merge Lists (no preservation)

in situ 5. Linked Lists11 Merge Lists (preservation) 5. Linked Lists12
> Gven 2 ascendi ng ordered single |inked-lists, /* Gven 2 ascending ordered single Iinked-1ists
return a new ordered |ist which contains all of the return a new ordered |ist which contains all of
gletrrentsdm;) b?tth'St.s' (ths/orlglnal lists may be the el ements of both lists, (the original lists
estroyed by the merging). nust NOT be destroyed by the merging). */
nOdﬁE&;Pt"?r%ggijSt tsgainlogepi ;gi : 'ZSt 1, nodePtr& list2) { nodePtr rmergelists2( nodePtr listl, nodePtr |ist2){
if (listl == NULL) return | st 2; Assumes elements Q?Cejgfteru Q?E?rgrgg r
if (list2 == NULL) return list1l; within list are unique. ’
// set nerge |list head ptr:lls | List( listl |
head = (|l essThan(list1->elenent , |ist2->elenent) le (lenptyList(ptr) { insertList( listl, merge) ;
2 listl @ list2; mLy p .
' insert(nerge, ptr->elenent);
while ( (listl = NULL) && (list2 1= NULL) ) { ) ptr = ptr ->link;
if (equal To(listl->elenment, |ist2->elenment)){
trail2 =1list2 ->1ink; //nmove list2 up 1 node — : : . .
list2->link = list1; //due to possibly initial \%irlg I(:ergtyu st(ptr) ||nsertL|st(I|st2,merge), |
list2 =trail2; //equal el enents insert (merge, ptr->elenent);
el se ptr = ptr -> l1ink;
if (lessThan(listl->elenment, list2->elenment) ) { }
while ((listl !'= NULL) && .
(1 essThan(I istl->elenent, |ist2->elenent)){ } return mnerge;
traill listl;
|ist1=|ist1->|ink; - —
} /lwhile while conditions rely upon
traill->link = list2; Boolean short-circuiting.
Yy It
else { //(lessThan(li st2->el enment,|istl->elenent)
i i | = - - - — n
‘M(": legs(Th(alnl(ﬂ gt 2. >§}Jlérl;33nf‘&, listl->el ement)) { void insertList( nodePtr ilist, nodePtré& clist)
trail2 =list2; = {nodePtrptr=i|ist'
' I/}SEME I: list2 ->1ink; Duplicated code '
%rai | 2'_ >|ei nk = listl: should be eliminated. while (!enptyList(ptr) {
/el - ! insert(clist, ptr->elenent);
}/}V\hlleese ptr = ptr -> link;
listl = list2 = NULL; Problem: if List2 contains }
return head,; multiple items equal to
} head of list1?
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Other List Functions 5. Linked Lists13

destroyL.ist

voi d destroyList( nodePtr& list)
nodePtr p = list;
while (list !'= NULL) {
list = list->link;
delete p
p = list;
}
}
modify
bool nodify( nodePtr& list, infoType nodEl em
{ .
nodePtr p = list; modify does NOT
bool foundEl emrent = fal se; rely upon Boolean

bool endList = (list == NULL);

short-circuiting.

if (!endList)
f oundEl enent = equal To( p- >el enent, nodEl en);

while (!endList && !foundEl enent) {
p = p->link;
endLi st = p ==NULL;
if (!endList)
f oundEl enent = equal To(p->el erent, nodEl en);
Y Iwhile

if (foundElement) { //replace list elenent

p->el emrent = nodEl em
return true; /'l successful nodification

return fal se; /lunsuccessful nodification

Intro Data Structures & SE

Linear Linked-List Variations

Circular List

5. Linked Lists14

Double Linked-List (non-circular)

Circular Double Linked-List

Intro Data Structures & SE




Linked-List VVariation
Declarations

5. Linked Lists15

Double Linked-List Declaration (non-circular)

typedef struct node *nodePtr;
typedef struct {

i nfoType el enment ;

nodePtr prev, next;
} node;

typedef struct {
nodePtr first, |ast;
} dbl List;

dbl List dlist;

Double Linked-List Declaration (circular)

typedef struct node *dbl List;
typedef struct {

infoType el ement;

dbl Li st prev, next;
} node;

dbl List dlist;

Some compilers
may require
forward
declaration.

Intro Data Structures & SE

Circular Double Linked-List
Insertion

Insert 83 into the ordered list;

5. Linked Lists16

dlist q

e T

code:

typedef struct {
i nfoType el ement;
dbl Li st prev, next;
} node;

dbl List dlist;

p->prev = q;
p- >next g- >next ;
g->next = p;
p- >next ->prev = p;

~——
~——
AWNPE

typedef struct node *dbl List;

Order is important!

Intro Data Structures & SE




Circular Double Linked-List
Deletion

Delete 75 from the list:

5. Linked Lists17

dlist D

|_, @ |
52

96

,__ next @)

L

code:
p- >prev- >next = p->next; /11
p- >next - >prev = p->prev; /Il 2
del ete p; /1 3
deleting the head:
if (dlist == p)
dlist = p->prev;
p- >prev->next = p->next; /111
p- >next ->prev = p->prev; Il 2
del ete p; /Il 3

What if list has one element?

Intro Data Structures & SE

Merge Double Lists (no

. 5. Linked Lists18
preservation)

/* Gven 2 ordered circular double linked-lists, return a new
ordered |ist which contains all the elenments of both lists,
(the original lists are destroyed */
dbl Li st nergelists( dblList& listl, dblList& list2) {

dbl Li st head, traill, trail2, last;

if (enptyList(listl)) return list2;

if (enmptyList(list2)) return list1;

i st1->prev->next = NULL; listl->prev = NULL;
i st2->prev->next = NULL; list2->prev = NULL;
head = (Il essThan(list1l->elenent , |ist2->elenent)

? listl : list2; //set nerge |ist head
istl !'= NULL) && (list2 !'= NuLL) ) {\
ual To(l i st 1->el enent list2->elenent) ) {
il2 =1ist2 -> next; //move list2 up 1 node
t2->next = listl; /1 due to possibly initial
t2 = trail 2; /1 equal elenents

sThan(list1->element , list2->elenment) ) {

, list2->element) ){

ext = list2; list2->prev = traill;

(l essThan(li st 2->el enent, |ist1l->el enment)
st2 !'= NULL) &&

sThan(list2->elenent , listl->elenent) ){
= list2;

= list2 -> next;

istl==NULL) ? list2 : list 1; /I nonenpty list?
while (last->next !'= NULL)

| ast
| ast - >next = head;
head- >prev = | ast;
listl = list2 = NULL;
return head;

Intro Data Structures & SE




Linked-List Class Declarations 5. Linked Lists19 Linked-List Class Definitions 5. Linked Lists20

Header File cpp file
/1Llist.h /1Llist.cpp
#i f ndef LLIST_H #include “Llist.h” //class declarations

#define LLIST_H

List:: List(){ //constructor aka createList()

#i ncl ude <iostreamh> //definition of NULL list = NULL ;

#include “infoType.h” //client supplied |ist elenType
/1 & rel ational functions

List::~List(){ //destructor aka destroyList()

struct node; /Il forward declaration this -> destroyList(); - - -

typedef node* nodePtr; } this //default object pointer

typedef el enType infoType;

struct node { bool List::enmptyList() const{ //tests if L is enpty
i nfoType el errent ; return (!list) ;

nodePtr |ink;

void List:: destroyList () {//deletes all elenents

class List { nodePtr p = list;
publi c:

List(); //constructor aka createlList() while (list)

~List(); //destructor aka destroyList() list = list->link;

del ete p;
bool emptyList() const; //tests if L is enpty p = list;
}
bool retrieveEl en(i nfoType key, infoType& elenm; list = NULL;

//returns elenent with key value if it exists }

bool insert(infoType newklem; //inserts newkEl em

ool oTvoe del t hi s pointer

ool renove(l nto e ae en, a g A .

/1 del et es e|(enent y\,?,i th sanen?(ey val ue as del El em All objects contain a language defined default pointer to
o themselves, termed the t hi s pointer.

bool nodi fy(infoType nodEl en);

//replaces element with same key val ue as nodEl em

_ _ The t hi s pointer is automatically passed with an object.
void destroyList(); //deletes all elenents

private: o Can be “explicitly” used to reference object data and
nodePtr list; //head ptr . .
; function members. (Accesses to object members
#endi f automatically “implicitly” use the t hi s pointer.)
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Linked-List :: modify 5. Linked Lists21

Member function definitions

bool List:: nodify(infoType nodEl enm
{/Irepl aces element with same key val ue as nodEl em

nodePtr p = (List::list); | :: scope resolution operator
bool foundEl erent= fal se;

bool endList = (!(List::list));

if (!endList)

f oundEl enent = equal To( p->el enent, nodEl en);

while (!endList && !foundEl ement) {

p = p->link;
endLi st= (!p);
if (!endList)

foundEl emrent = equal To( p->el erent, nodEl en;
Y/ while

if (foundElerment) { //replace list elenent

p- >el ement = nodEl em
return true; /'l successful nodification

return fal se; //unsuccessful nodification

cl ass: :data nenber
The scope resolution can be used to fully qualify access to
object data and function members.

Unnecessary unless local automatic identifier masks
access to object member.

Intro Data Structures & SE
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Insert member function definition
bool List:: insert(infoType elen) {

nodePtr currPtr = |ist; _
nodePtr newPtr = new node; PRIBIIS GiEE
lookahead
if (!'newPtr)
return fal se; Il heap is enpty
newPtr->el enent = elem Relies upon Boolean
newPt r->link = NULL; short-circuiting

if ((! currPtr ) || //insert enptylist or head
(! (greaterThan(elem currPtr->elenent))) ){
newPtr->link = 1ist;
list = newPtr;
return true ; //successful insertion
} //endif

while ((currPtr->link) &
(greaterThan(el em currPtr->link->elenent)))
currPtr = currPtr->link;

/linsert in mddle or at tail

newPtr ->link = currPtr->link;

currPtr->link = newPtr;

return true ; /'l successful insertion
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Remove member function definition

bool List:: renove(infoType del Elem {
nodePtr prevPtr, currPtr;

currPtr=list;
prevPt r=NULL;

Relies upon Boolean

/luse trailing pointer short-circuiting
while( (currbPtr) &&
('equal To(del Elem currPtr ->elenment)) ) {
prevPtr = currPtr;
currPtr = currPtr ->link;
}//end while

if (‘currPtr) //1ist enpty or not found
return false;
else if (!prevhtr) {
list = 1list-> link; /1 del ete head
delete currPtr;

else { //renove niddle or tail node
prevPtr->link = currPtr->link;
delete currbtr;

}

return true; /'l successful renoval
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