Linked List

« Alternate approach to maintaining an array of
elements

« Rather than allocating one large group of
elements, allocate elements as needed

* Q: how do we know what is part of the array?
A: have the elements keep track of each other

— use pointers to connect the elements together asa LI ST
of things
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Limitation of Arrays

¢ An array has alimited number of elements

— routines inserting a new value have to check that there
IS room

Can partially solve this problem by reallocating

the array as needed (how much memory to add?)

— adding one element at a time could be costly

— one approach - double the current size of the array

A better approach: use a Linked List

Dynamically Allocating Elements

¢ Allocate elements one at atime as needed, have
each element keep track of the next element

¢ Result isreferred to as linked list of elements,
track next element with a pointer

Array of Elements in Memory

|Jane |Bob |Anne | |

Linked List
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Linked List Notes

* Need way to indicate end of list (NULL pointer)

¢ Need to know where list starts (first element)

« Each element needs pointer to next element (its
link)

* Need way to alocate new element (use malloc)

* Need way to return element not needed any more
(use free)

« Divide element into data and pointer

Linked List Type

* Type declaration:
typedef struct ESTRUCT {
DataTypedata; /* DataType istype for element of list */

struct ESTRUCT * next; node

} EStruct, *EPtr; ListStart data  next
¢ Pointer to first element: r]ut\l
EPtr ListStart; poiter

/* ListStart points to first element of list
*ListStart isfirst element struct
ListStart->data is data of first element
ListStart->next points to second element */




Sample Linked List Operations

void main() { /* Assune datais int */
EPtr ListStart = NULL;
/* safest to give ListStart an initial |egal
value -- NULL indicates enpty list */

Pictorially In Memory

ListStart ListStart
[ o]
100

ListStart = (EPtr) malloc(sizeof(EStruct));
/* ListStart points to menory allocated at
l ocation 108 */

ListStart ListStart Data Next
L 1 e
Data Next 100 108

Sample Linked List Ops (cont)

ListStart->data = 5;

ListStart ListStart
[ [ ][s] > |
100 108
Li st Start->next = NULL;
ListStart ListStart
B EDX( [1s][s] o |
100 108
Li st Start->next = (EPtr) mall oc(sizeof (EStruct));
ListStart ListStart
EpEHE [ros[[s]w0 ] T2 @ ]
100 108 120
Li st Start->next->data = 9;
Li st Start->next->next = NULL;
ListStart ListStart
e E IS B [rosJ[5]w0 ] Jo 0 ]

100 108 120

Sample Linked List Ops (cont)

Li st Start->next->next = (EPtr) mall oc(sizeof(EStruct));

ListStart ListStart
[F{sT T [rosJ[s[120] JoJa2 [ Jo] 2 ]
100 108 120 132

Li st Start- >next - >next - >data = 6;
Li st St ar t- >next - >next - >next = NULL;
ListStart ListStart

B EE g EE g [ s ][s[s=0] JoJsse] 6] 0 ]
00 108 20 32

/* Linked list of 3 elenents (count data val ues):
ListStart points to first el enent
Li st Start->next points to second el enent
Li st Start->next->next points to third el enent
and ListStart ->next->next->next is NULL to
indicate there is no fourth el ement */

Sample Linked List Ops (cont)

/* To elimnate element, start with free operation */
free(Li st Start->next->next);

ListStart ListStart
EaBEL BEL DY [ro8 ][50 [ JoJ132 ] 6 o0 ]
100 108 120 132

/* NOTE: free not enough -- does not change nenory
El ement still appears to be in |ist
But C might give nenory away in next request
Need to reset the pointer to NULL */

Li st St art->next->next = NULL;

ListStart ListStart

B HEL B 10 [[s]z20] Jo] o [ Jef o]
100 108 120 132

/* Element at 132 no |longer part of list (safe to
reuse nenory) */

Common Mistakes

« Dereferencinga NULL pointer
ListStart = NULL;
ListStart->data = 5; /* ERROR */
¢ Using afreed element
free(ListStart->next);
Li stStart->next->data = 6; /* PROBLEM */

« Using apointer before set
ListStart = (EPtr) malloc(sizeof (EStruct));
ListStart->next->data = 7; /* ERROR */

List Initialization

Certain linked list ops (init, insert, etc.) may change
element at start of list (what ListStart points at)

— to change what ListStart points to could pass a pointer
to ListStart (pointer to pointer)

— alternately, in each such routine, always return a pointer
to ListStart and set ListStart to the result of function
call (if ListStart doesn’t change it doesn’t hurt)

EPtr initList() {

return NULL;

}
ListStart = initList();




A Helper Function

Build a function used whenever anew element is
needed (function always sets data, next fields):

EPtr newEl enent(Dat aType ndata, EPtr nnext) {
EPtr newEl = (EPtr) nmalloc(sizeof (EStruct));

newkl - >data = ndat a;
newEl - >next = nnext;

return newkl ;

List Insertion (at front)

* Add new element to list:
— Make new element’s next pointer point to start of list
— Make pointer to new element start of list

EPtr insert { EPtr start, DataType dnew) {
return newkl enent (dnew, start);

}

— To use, get new value to add (ask user, read from file,
whatever), then call insertF:

ListStart = insertF(ListStart, NewDataVal ue);
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Insert at End

Need to find end of list -- use walker (temporary pointer)
to “walk” down list
EPtr insertH EPtr start, DataType dnew) ({
EPtr last = start; [/* \Walker */
if (start == NULL) /* if list enpty, add at */

return newkl ement( dnew, NULL) ; /* start */
el se {
while (last->next != NULL) /* stop at */
last = | ast->next; /* last item*/

| ast->next = newEl ermrent (dnew, NULL) ;
return start; /* start doesn’t change */
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Insert at End Example
Adding 6 to initial list:
ListStart

1 2 111. Make |ast element
Iast///‘ point to new element
I. Introduce walker last
to find end of list
11. Create new element

with data 6 and NULL
next pointer

Redrawing list:
ListStart

[F—{ [ F—{s] 8] 71X




Reading a Group of Elements

EPtr readG oup(EPtr start, FILE *instrean {
Dat aType dataitem;

whi | e (readDat aSucceeds(i nstream &dat ai ten))
/* Add new item at beginning */
start = newEl ement (dataitemstart);

return start;

}

/* Assune DataType is int: */
int readDataSucceeds(FILE *stream int *data) {
if (fscanf(stream”%l", data) ==
return 1,
el se
return O;

Reading Group - Add at End

EPtr readG oupE EPtr start, FILE *instream) {
EPtr |ast;
Dat aType data;

/* Try to get first newitem=*/
if (!readDataSucceeds(instream, &data))
return start; /* if none, returninitial list */
else { /* Add first newitem?*/
if (start == NULL) {
/* If list enpty, first itemis list start */
start = newEl enent (data, NULL) ;
last = start;

}

Reading Group - Add at End (cont)

else { /* List not initially enmpty */
last = start;
while (last->next !'= NULL) /* Find end */
last = |ast->next;
/* Add first elenment at end */
| ast - >next = newEl enent (data, NULL) ;
last = | ast->next;

}

/* Add remaining el ements */
whi | e (readDat aSucceeds(instream&data)) {

| ast - >next = newEl enment (dat a, NULL) ;
last = | ast->next;

return start;

Printing a List

Use awalker to examine list from first to last

void printList(EPtr start) {
EPtr tenp = start;
while (tenp !'= NULL) {
printData(tenp->data);
temp = tenp->next;

Finding an Element in List

Return pointer to item (if found) or NULL (not found)
EPtr findE(EPtr start, DataType findl) {
EPtr findP = start; /* wal ker */

while ((findP !'= NULL) &&
(findP>data isnotthesameasfindl))
findP = findP->next;

return findpP;

Deleting an Element

Need to change pointer of record before the one being deleted
to delete

ListStart
.—-—-—i—- [sT e TF—le ] 4—s]X

delete operation:

ListStart
[H-{sTF-{e1\] [DKFEIX

But what if NO element before the one to be deleted?

. to delete
ListStart
[d—{s[F+{oeTF—{c [F+—[s[X

delete operation:

ListStart
L] [KI eITF—ls14—{=IX




Deletion Code

EPtr del ete(EPtr start, DataType dell) {
EPtr prev = NULL;
EPtr curr = start;
while ((curr !'= NULL) && (curr->data isnot dell)) {
prev = curr;
curr = curr->next;

}
if (curr == NUL)
printf (“Itemto delete not found\n”);
el se {
if (prev == NULL)
start = start->next;
el se
prev->next = curr->next;
free(curr);
}

return start;

Selection Sorting Linked List

EPtr sort( EPtr unsorted) {
EPtr sorted = NULL;
EPtr |argest, prev;
while (unsorted !'= NULL) {
prev = findltenBeforeLargest (unsorted);
if (prev == NULL) {
| argest = unsorted;
unsorted = unsorted- >next;

el se {
largest = prev->next;
prev->next = |argest->next;

| argest - >next = sorted;
sorted = largest;

return sorted;

}

Item Before Largest

EPtr findltenBeforeLargest (EPtr start) {
EPtr prevlargest = NULL;
EPtr largest = start;
EPtr prev = start;
EPtr curr = start->next;
while (curr !'= NULL) {
if (curr->data bigger than |argest->data) {
prevl argest = prev;
largest = curr;

}

prev = curr;

curr = curr->next;
}
return prevl argest;

Linked List Variation: Dummy Head Node

Using "dummy" first (head) node:
Empty linked list
ListStart

[-{>IX

Sample list:
ListStart

[F-l2 [ Fs [F—le[F—1s X
e Why?
— No special case for inserting/deleting at beginning
— ListStart does not change after it isinitialized
« Disadvantage
— cost of one extra element

DH List Initialization/Insert

EPtr initList() {
EPtr ListStart =

(EPtr) mall oc(sizeof(EStruct));
ListStart - >next = NULL;
return ListStart;

}

void insert F(EPtr start, DataType dnew {
start->next =
newEl enent (dnew, st art->next);

DH Inserting at End

void insertEEPtr start, DataType dnew {
EPtr last = start; [/* Wal ker */

/* No special list is enpty case */
while (last->next !'= NULL)
last = | ast->next;

| ast - >next = newEl ement(dnew NULL);




DH Printing aList

Have walker start at second element

void printList(EPtr start) {
EPtr tenp = start->next;
while (tenp != NULL) {
printData(tenp->data);
tenmp = tenp->next;

DH Dedletion Code

void del ete(EPtr start, DataType dell) {
EPtr prev = start;
EPtr curr = start->next;
while ((curr !'= NULL) && (curr->data isnot dell)) {
prev = curr;
curr = curr->next;
i)f (curr == NULL)
printf (“Itemto delete not found\n”);
el se {
prev->next = curr->next;
free(curr);

Linked List Variation: Sorted List

Idea: keep the items on the list in a sorted order
sort based on data value in each node
advantages:
« already sorted

« operations such as delete, find, etc. need not search
to the end of the list if theitemisnotinlist

disadvantages

« insert must search for the right place to add element
(slower than simply adding at beginning)

Sorted Insert (with Dummy Head)

void insert J EPtr start, DataType dnew) {
EPtr prev = start;
EPtr curr = start->next;
while ((curr !'= NULL) &&
(dnew is bigger than curr->data)) {
prev = curr;
curr = curr->next;
}

prev->next = newEl ement(dnew,curr);

}




