November 7, 1996 10:22 AM

Lecture 15. Dynamic Data Structures

®* Pointers and structures can be used to build data structures that expand and
shrink during execution, e.g., lists, stacks, queues, trees, ...

®* Dynamic data structures are constructed using self-referential structure types

struct node {
i nt val ue;
struct node *I|i nk;

}s
Declares a structure type with two fields
val ue holds a integer
i nk holds a pointer to astruct node

The type struct node is defined in terms of jtself — self reference
struct node nl, n2, n3;

nl.val ue = 4;

nl.link = &n2; I n41 n52 n63
n2.val ue = 5; val ue
n2.1ink = &n3; l'i nk °—f °——f_> NUL L

n3. val ue = 6;
n3.1ink = NULL;

Builds a singly linked list with 3 nodes holding 4, 5, and 6
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Lists

® Use a pointer to traverse a list — follow the | i nk fields until you reach NULL

struct node *p;

for (p = &1; p !'= NULL; p = p->link) 4
printf("%\n", p->value); 5
6

® Useennll oc/mal | oc to allocate as many st ruct nodes as needed

struct node *newnode = enall oc(sizeof (struct node));
newnode- >val ue = 8;
newnode- >l i nk = NULL;

® To add a new node at the end of the list, walk a pointer down to the /ast node
for (p = &1; p->link '= NULL; p = p->link)

p- >l i nk = newnode; newnode
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List Headers

® Using a header node often simplifies list manipulations

struct intlist {
struct node *head;

struct node *tail;
b /

®* Important boundary conditions 4 [ S » 6 |NULL
val ue |ink

head t ail
/.

struct intlist alist;
alist.head = alist.tail = NULL;

al | st [NuLL{NULL

creates an empty list
so does struct intlist alist ={ NULL, NULL };

struct node *p = enmall oc(sizeof (struct node));

p->val ue = 1; -
p->link = NULL: alistiely
alist.head = alist.tail = p; \u/

1 |NuLL

creates a one-node list

®* List headers can be allocated, too, if you need an arbitrary number of lists (as
opposed to alist of arbitrary length)

struct intlist *nylist = emall oc(sizeof (struct intlist));
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A Simple List Module

®* The interface defines the list types and list-manipulation functions
/* Lists of ints */

struct intnode {
I nt val ue;
struct intnode *link;

b

struct intlist {
struct intnode *head;
struct intnode *tail:

b
extern void intlist addhead(struct intlist *list, int value);
/* adds a new node hol di ng value at the beginning of |ist */

extern void intlist addtail (struct intlist *list, int value);
/* Adds a new node hol ding value at the end of |ist */

extern int intlist remhead(struct intlist *list);
/* Renoves the node at the beginning of a non-enpty |ist
and returns the value fromthat node */

This interface appearsinintlist.h

®* This kind of interface is an abstract data type because it defines a type and the
operations on values of that type
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Implementing the List Module

®* The implementation defines the functions specified in the interface

/* I npl enentation of lists of ints */

#i ncl ude <stdlib. h>
#include "intlist.h"
#i ncl ude "m sc. h"

void intlist _addhead(struct intlist *list, int value) {
void intlist addtail (struct intlist *list, int value) {
extern int intlist _remhead(struct intlist *list) { ...}

(S ]

This implementation appearsin intlist.c

® Adding anew node at the head of ani ntli st — beware boundary conditions

void intlist_addhead(struct intlist *list, int value) {
struct intnode *p = emal | oc(sizeof (struct intnode));

p- >val ue = val ue;
if (list->head == NULL) {
p->link = NULL;

list->head = list->tail = p;
} else { N
p->link = 1ist->head,;
| i st->head = p;
}
} 4

NULL

A 4
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Implementing the List Module, cont’d

void intlist _addtail (struct intlist *list, int value) {
struct intnode *p = emal |l oc(sizeof (struct intnode));

p- >val ue = val ue;
p->link = NULL;

if (list->tail == NULL)
list->head = list->tail = p;
el se {
list->tail->link = p; s
list->tail = p;
} Cd
Y N

r-~~4 NULL

A 4

®* \When a node is deleted, it is also deallocated

int intlist _remhead(struct intlist *list) {

I nt val ue; _

struct intnode *p = |ist->head;

if (list->head == list->tail)
| ist->head = list->tail = NULL;

el se > NULL
| i st->head = p->link;

val ue = p->val ue; free(p);

free(p); return p->val ue; Wrong! Why?

return val ue;
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Sorting Revisited

®* Another way to sort an arbitrary number of integers
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1. Read them intoanintlist,thus determining the number of integers
2. Allocate an array
3. Pour theintegers in the list into the array
4. Sort it and print it

#1 ncl ude
#i ncl ude
#1 ncl ude
#1 ncl ude

<stdi 0. h>
"qui cksort. h"
“intlist.h"
"m sc. h"

I nt rnain(void) {

I nt

n, *ptr, Xx;

struct intlist input = { NULL, NULL };

for (n = 0; scanf("%l", &) == 1; n++)
intlist_addtail (& nput, Xx);
ptr = emal |l oc(n*sizeof (int));
for (i =0; 1 < n; |I++)
ptr[i] = intlist_renmhead(& nput);
qui cksort(ptr, 0, n - 1);
for (i =0; i < n; |I++)
printf("%l\n", ptr[i]);
return O;
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Other Kinds of Lists

Stacks: Add/remove nodes at only one end

ush
P >_> > > NULL
pop
push intlist _addhead
pop intlist_remhead

Queues: Add nodes at the tail, remove nodes from the head

ut
— > > NULL/ P
get
put Intlist_addtail
get I ntlist _renmhead

What aboutintlist _rentail ? Need a doubly linked list for efficient removal

Deques: Add/remove nodes at either end

ush TN )
a \bw Nu/ put
LL LL
get «~ A J A ™S pul |
push I ntlist _addhead put Intlist _addtail
get Intlist_renmhead pul | intlist remail
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