CBA3HbIE CMUCKWU



CeasHbie cnucku (Linked lists)

= CsasHblit cnucok (linked list) — aunamnyeckas cTpykTypa AaHHbIX ANS XpaHeHUs
nHhOopMaLMK, B KOTOPOM KaXKAbIN 35IEMEHT XPaHWUT YKa3aTesn Ha OUH UK HECKONbKO
NPYruX 3NEMEHTOB

BbiyucnurenbHas Cno)XHOCTb
Onepauus
CNIOXXHOCTb no NamMAaTH

AddFront(L, x) [lobaBnseT anemMeHT x 0(1) 0(1)
B Hayano cnucka L
[lobaBnseT 3NEMEHT x
AddEnd (L, x) O ST 0(n) 0(1)
OTbICKMBAET 3JIEMEHT x
Lookup (L, x) B CnCKe L 0(n) 0(1)
Size(L) Bo3BpaluaeTt KonmyecTso 0(1) wm O(n) 0(1)

9JIEMEHTOB B CnuUcKe L



OpHocBa3HbIn cnucok (Singly linked list)

= Pa3Mep cnucka 3apaHee He U3BECTEH — 3JIEMEHTbI 400aBNAIOTCS BO BpeMS
NAb0Tbl MPOrpaMMbl (AUHAMUYECKHN)

= [TamaTb Noj anemeHTbl BbiaensieTcs auHamuueckm (dyHkumu: malloc, calloc, free)

Head

JlaHHbIe Next+——> JlaHHble Next+—» JlaHHbIe Next+—>NULL




OpHocBa3HbIn cnucok (Singly linked list)

#include <stdio.h>
#include <stdlib.h>

struct listnode {
char *data; /* Data */
int value; /* Data */
struct listnode #*next; /* Next node =*/

'



OpHocBa3HbIn cnucok (Singly linked list)

struct listnode *list_createnode(char =*data,

{

int value)

struct listnode *p;

p = malloc(sizeof(*p)); // Bbigensem namaTb
if (p != NULL) {

p->data = strdup(data);

p->value = value;

p->next = NULL;
}

CJIOXHOCTb CO3/IaHUA 3JIeMeHTa
return p; o

TCreateNode = 0(1)



Co3paHue anemeHTa (BbijieNieHne NamsTy)

int main()

{

struct listnode *node;

/* CnucokKk M3 OoAHOro sneMeHTa */
node = list createnode(“Ivanov Ivan”, 178);

return 0;
0x22340AFF
 data: “Ivanov Ivan”
node = ~ value: 178
0x22340AFF |

next: NULL




[lo6aBneHue anemMeHTa B Hayano CnuUcKa

1. Co3paem HoBbIN y3en newnode B namsaTH

Data

head = 0xAF22
OxAFZZI
Data
Next
Value

newnode = 0x12A2

0x12A2 I

NULL

Value

Next &—> NULL

head = 0xAF22
OxAFZZI
Data Data
Next
Value Value

Next &—> NULL




[lo6aBneHue anemMeHTa B Hayano CnuUcKa

newnode = 0x12A2  head = 0xAF22
0x12A2 I 0xAF22 I
Data
Next
Value

NULL
2. YctaHaBnuBaeM yka3aTenb next yana newnode Ha head

Data

Value

Next e—> NULL

newnode = 0x12A2  head = O0xAF22
0x1 2AZI 0xAF22 I
Data Next Data
o > Next
Value | O0XAF22 Value

Data

Value

Next e—> NULL




[lo6aBneHue anemMeHTa B Hayano CnuUcKa

newnode = 0x12A2  head = 0xAF22
0x1 2A2I 0XAF22 I
Data Next | Data . Data - NULL
ex ext —»
Value | 0xAF22 Value Value
3. JlenaeM ronoBou cnucka y3en newnode
newnode = 0x12A2 __-~head = 0x12A2
0x12A2 I 0XAF22
Data Next Data . Data o NULL
o—> ex ext o—»
Value | OxAF22 Value Value




[lo6aBneHue anemMeHTa B Hayano CnuUcKa

struct listnode *list_addfront(struct listnode *list,

{

char *data, int value)

struct listnode *newnode;
newnode = list_createnode(data, value);

if (newnode != NULL) {
newnode->next = list;
return newnode;

}
return list; TAddant - 0(1)

10



[lo6aBneHue anemMeHTa B Hayano CnuUcKa

int main()

{

struct listnode *head;

head
head

return 0o;

head =
0x6600AA

list_addfront(NULL, "Ivanov Ivan", 178);
list_addfront(head, "Petrov Petr", 182);

0x6600AA 0x2233FF
data: “Petrov Petr” data: “Ilvanov lvan”
value: 182 value: 178
next: 0x2233FF next: NULL
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[louck anemenTa B cnucke (Lookup)

* HayuHasa c ronoBbl CMUCKa, npocMatTpuBaemM BCe y3Jibl U CpaBHUBAEM KITHOYU

= B xyawem cnyvae TpebyeTcs NpPOCMOTPETb BCE Y3/bl, 3T0 TpebyeT O (n) onepawuii

head

data: “Mars” data: “Pluton” data: “Saturn”

value: 182 value: 178 value: 169
next: Oxdeadbeaf next: 0x3434ff99 next: NULL




[louck anemenTa B cnucke (Lookup)

struct listnode *1list lookup(struct listnode *1list,

{

char *data, int value)

for ( ; list != NULL; list = list->next) {
if (strcmp(list->data, data) == 0 &&

list->value == value)
{
return list;
}
}
return NULL; // He Hawnu TLookup= O(n)
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[louck anemenTa B cnucke (Lookup)

int main()

{

struct listnode *node, *p;

node = list_addfront(NULL, “Mars", 178);
node = list_addfront(node, “Pluton”, 182);
node = list_addfront(node, “Saturn", 169);

p = list_lookup(node, “Pluton”, 182);
if (p !'= NULL) {

printf("Data: %s\n", p->data);
}

return 0;
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Ynanenue anemeHTa (Delete)

1. Haxoaum anemeHT B cnucke (3a Bpems 0 (n))
2. KoppekTupyem ykasatenu (3a 0(1))
3. YpanseMm anemeHT u3 namath (3a 0(1))

I Y nansieMblit aneMeHT

data: “Mars” data: “Pluton” data: “Saturn”
value: 182 value: 178 value: 169
next: Oxdeadbeaf next: 0x3434f99 next: NULL

TpKu BO3MOXKHbIX CUTYaLUHK:
O yaansembin y3en — B Hayane Cnucka

3 ynansieMbln y3en — BHYTPEHHUI y3en (eCTb 37IeMeHTbI ClaBa W cnpaBa)
O ynansieMbll y3en — B KOHLE CNUCKa



Ynanenue anemeHTa (Delete)

struct listnode *list_delete(struct listnode =*list,
char *data, int value)

{
struct listnode #*p, *prev = NULL;
for (p = list; p != NULL; p = p- ext) {
if (strcmp(p->data, data) == 0 && p->value == value) {
if (prev == NULL)
list = p->next; // Ypanaem ronosy
else
prev->next = p->next; // EcTb anemeHT cneBa
free(p); // OcBoboxgaeM MaMaTb
return list; // YkasaTenb Ha HOBYW I OJIOBY
}
prev = p; // 3anomuMHaeMm npegbpayumnn aneMeHT (neBbii)
}
} return NULL; // He Hawnu TDeIete= O(n)

16



Ynanenue anemeHTa (Delete)

int main()

{

struct listnode *node, =*p;

node = list_addfront(NULL, “Mars", 178);
node = list_addfront(node, “Pluton", 182);
node = list_addfront(node, “Saturn", 169);

p = list_delete(node, “Pluton”, 182);

if (p != NULL) {
node = p; // YKasaTefNlb Ha HOBYW OJIOBY
printf(“Item deleted\n");

}

return 0;
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[1BycBsizHble cnucku (Doubly linked lists)

= Kaxxablii y3en ABYCBA3HOro CNMcKa UMEET TPU NONS: value, next U prev
= [lone value — 3TO HEKOTOPbIe AJaHHbI€, aCCOLMMPOBaHHbIE C Y3JIOM

= B none next XPaHUTCA afipecC y3Jia, CjieayoLwero 3a TeKylwmuMm, a B rnoJie prev — ajjpec

npejLLecTBYIOLLEro y3na
head =196
(rojioBa)
196 128 84 64
Go Python Scala Java
next = 128 next = 84 next = 64 next = null
prev = null prev =196 prev =128 prev =84
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Co3paHue HOBOIO y3na

struct listnode *list_createnode(char =*data,
int value)

{
struct listnode *p;
p = malloc(sizeof(*p)); // BblgendaeMm namATb
if (p !'= NULL) {
p->data = strdup(data);
p->value = value;
p->next = NULL;
p->prev = NULL;
Y
return p; T=0(1)
Y

19



[lo6aBneHue y3na B Ha4yano Crnucka

= (DyHKUMA CO3[aeT B NAaMATH HOBbII Y3€) C 3aflaHHbIM 3HaYeHUeM nonga value
= B none next HOBOro y3na 3aHOCUTCS ajipec rofioBbl CNMUCKA
= ECNM CMUCOK He MYCT, TO He06X0AMM 3anucaTb B YKasaTeslb prev NepBOro y3nia afipec HOBOro 3JIeMeHT

struct listnode *list_addfront(struct listnode *list, char *data, int value)

{

struct listnode *newnode; T=0(1)
newnode = list_createnode(data, value)
if (newnode != NULL) { head =196
) (romosa)
newnode->next = list; ;
if (list != NULL) 218 196 128 84
list.prev = newnode; JavaScript [<€- > Go |—> Python  |=<— r Scala
return newnode; next=196 ---- next =128

next = 84

} prev=null | ----1 prev=1218 prev =196 prev =128
return list;

next=64 > ---
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[lo6aBneHue y3na B KOHeL, CncKa

struct listnode *list_addend(struct listnode *list, char *data, int value)

struct listnode *newnode, node; T=0(n)
. =0(n
newnode = list_createnode(data, value);
if (newnode != NULL) {
if (list = NULL) head = 128
(rommoga)
return newnode; |
node = list; 128 84 64 136
. -
while (nOde .next . NULL) Python < > Scala = > Java FH Ruby
node = node.next ! next = 84 next = 64 next=136 "“E--' next = null
node.next = newnode; :
prev =196 prev =128 prev =84 Saln prev =64
newnode.prev = node;

}

return list;



YaneHue y3na

head =196
(roJIoBa)

;

196

Go -

next = 128

prev = null

128 84
Python <~ Scala ro-->
next = 64 ---J;---w next = 64 i
prev=196 i |

. prev=128

________________________________

64

Java

next = null

1 prev=128
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YaaneHue y3na

struct listnode *list_delete(struct listnode *list,
char *data, int value)

{
struct listnode *p;
for (p = list; p !'= NULL; p = p- ext) {
if (strcmp(p->data, data) == 0 && p->value == value) {
if (p->prev == NULL)
list = p->next; // Ypanaem ronoBy
else
p->prev->next = p->next; // EcTb anemeHT cneBa
if (p->next != NULL)
p->next->prev = p->prev;
free(p); // OcBoboxpaem namATb
return list; // YKasaTesnb Ha HOBYK OJIOBY
'
'
return NULL: // He Hawnu T = O(n)
}
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JluTepatypa

= KepHuraH b.Y., [Nauk P. lNpakTuka nporpammupoBanus. — M.: Bunbamc, 2004.
[Kernighan, C. 61-66]

= [DSABook, MaBa 6]

24



CTeKkun n oyepegu



Ctek (Stack)

= CreK (Stack) — cTpykTypa AaHHbIX Ans XpaHEHUSI ANEMEHTOB

= [lucuunavHa AocTyna K 3JIeMeHTaM:
“nocnegHum npuwen — nepebiM Bbitwen” (Last In — First Out, LIFO)

= JneMeHTbl NOMELL,AIOTCS U U3BNEKAIOTCA C BEPLUKHBI cTeKa (top)

D Push Po D

Top




[TogxoAabl K peanusaLum cTeka

1. Ha ocHoBe cBA3HbIX cnuckoB (linked lists)
[1nnHa cTeka orpaHMyeHa 06 beMOM JOCTYNMHON NaMATH

2. Ha ocHoBe cTaTMyecKux MacCMBOB
[InuHa cTeka pukcupoBaHa (3afaHa ero MakcManbHas AJinHa —
KOJINYECTBO 3/IEMEHTOB B MacCuBeE)

27



Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

= INeMeHTbI CTeKa XpaHsaTcs B oAHocBA3HOM cniucke (singly linked list)

= [lobaBnieHne INEMEHT M yaaNieHne BbinosiHaeTcs 3a Bpems O (1)

Stack:
Size Top
JlaHHble

JlaHHble

JlaHHble

28



Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

#include <stdio.h>
#include <stdlib.h>

#include "llist.h”
struct stack {

struct listnode *top; /* BepuwuHa cTeka */
int size;

29



Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

[ *
* OparmeHT ¢amna llist.h
*/

struct listnode {
int value; /* JlaHHble cTeka */
struct listnode *next;

30



Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

/* stack_create: Creates an empty stack =*/
struct stack #*stack_create()

{

struct stack *s = malloc(sizeof(*s));
if (s != NULL) {

s->size = 0O;

s->top = NULL;
Y

return s; .

Create

= 0(1)
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Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

/* stack_free: Removes stack =*/
void stack_free(struct stack *s)

{
while (s->size > 0)
stack_pop(s); /* Delete All items =*/
free(s);
} TFree = 0( n)
Stack:
Size Top

|

JlaHHbIe Next+—» JlaHHble Next+—> JlaHHble NeXt+—>NULL




Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

/* stack_size: Returns size of a stack */
int stack_size(struct stack *s)

{
return s->size;
} T, = 0(1)
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Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

int main()

{
struct stack =*s:
s = stack_create();
printf("Stack size: %d\n", stack_size(s));
stack_free(s);
return 0;
}
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Peanusauua cteka Ha 0CHOBe CBSI3HbIX CITUCKOB

/* stack_push: Pushes item to the stack */
int stack_push(struct stack *s, int value)

{
s->top = list_addfront(s->top, value);
if (s->top == NULL) {
fprintf(stderr,
"stack: Stack overflow\n");
return -1;
}
s->size++;
} return O; Ty, = O(1)
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Peanu3auuga cteka Ha OCHOBe CBSAI3HbIX CMUCKOB

int main()

{

struct stack *s;
int i, val;

s = stack_create();

for (1 =1; 1 <= 10; i++) {
stack_push(s, 1i);

}

for (i = 1; i <= 11; i++) {
val = stack_pop(s);
printf("pop: %d\n", val);
'

stack_free(s);

return O;

: 1
: 9
: 8
. 7
: 6
5
24
: 3
: 2
: 1

(av)

—
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Peanusauua cteka Ha 0CHOBe MacCcKuBa

= JfIeMeHTbl CTEKA XPaHATCA B MaccmBe PUKCMPOBAHHOMN AJUHbI L

= JlobaBneHue anemeHTa U ero yaaneHue BbINonHaTCA 3a Bpemsi 0(1)

L-1

Top 2
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Peanusauua cteka Ha 0CHOBe MacCcKuBa

#include <stdio.h>
#include <stdlib.h>

struct stack {
int *v;
int top;
int size;
int maxsize;
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Peanusauua cteka Ha 0CHOBe MacCcKuBa

/* stack_create: Creates an empty stack */
struct stack *stack_create(int maxsize)

{
struct stack *s = malloc(sizeof(*s));
if (s !'= NULL) {
s->v = malloc(sizeof(int) * maxsize);
if (s->v == NULL) {
free(s);
return NULL;
}
S->slze = 0;
s->top = O;
S->maxsize = maxsize,;
}
} Sl e TCreate = 0(1)
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Peanusauua cteka Ha 0CHOBe MacCcKuBa

/* stack_free: Removes stack */

void stack_free(struct stack *s) T,... = O(1)
{
free(s->v);
free(s);
}
/* stack_size: Returns size of a stack =*/
int stack_size(struct stack *s)
{ Tsi,e = 0(1)

return s->size;

}

40



Peanusauua cteka Ha 0CHOBe MacCcKuBa

/* stack_push: Pushes item to the stack =*/
int stack_push(struct stack *s, int value)
{
if (s->top < s->maxsize) {
s->v[s->top++] = value;

S->size++;

} else {
fprintf(stderr, "stack: Stack overflow\n");
return -1;

}

return O; Tp,n=0(1)
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Peanusauua cteka Ha 0CHOBe MacCcKuBa

/* stack_pop: Pops item from the stack =*/
int stack_pop(struct stack *s)

{
if (s->top == 0) {
fprintf(stderr,
"stack: Stack underflow\n");
return -1;
} .
s->size--;
return s->v[--s->top]; Tpop = O(1)
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Ouepepb (Queue)

= Oyepeab (Queue) — CTPYKTYpa AaHHbIX AJ1 XpaHEHUS 3/IEMEHTOB

(KOHTeWHep)

= [lucuunnuHa AocTyna K 3JIeMeHTaM:

“nepBbiM npuwen — nepebim Bbiwen” (First In — First Out, FIFO)
= JneMeHTbl f06aBnstoTCA B XBOcCT (tail), nsenekatorcs ¢ ronosbl (head)

Kut Back Front
(tail, rear) (head)
Enqueue\\+ CnoH | Xupad | Bonk | 3asy

’\Dlequeue

Pbicb
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Ouepeapb (Queue)

= Oyepeau WKMPOKO UCNONb3YETCS B aNropuTmax 06paboTKu AaHHbIX:
] oyepeau nevyatu

 6ydep BBOJA C KNnaBuaTypbl

3 anroputMmbl paboThbl ¢ rpadamu
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Ouepeab (Queue)

S e

Enqueue(q, x) [obaBnser aneMeHT x B ouepelb q

Dequeue(q) N3BnieKaeT aNeMeHT U3 oyepeam q
Size(q) Bo3BpalL,aeT KOIMYECTBO JJIEMEHTOB B 0YEPeM g

Clear(q) OunwiaeT oyepesb q



[logxoAabl K peanusaLuu oyepeam

1. Ha ocHOBe CBSAA3HbIX CMMTUCKOB
[1nuHa oyepean orpaHuyeHa nuLb 06beMOM A0CTYMHOW NaMATH

2. Ha ocHoBe cTaTMYecKMX MacCcUBOB
[InnHa oyepeam hukcupoBaHa (3alaHa MakCUManbHasa anHa)
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

= JnemeHTbl oYepeam XpaHaTcs B ogHocBA3HOM cnucke (singly linked list)

= Jlna 6bicTporo (3a BpeMs O (1)) Ao6aBneHNs M 3BNIEYEHUS INEMEHTOB U3
CNUCKa NoAaepXXUBaeTcs yKasaTenb Ha nocnegHuit anemenT (tail)

= HoBble 351eMeHTbI ﬂ,OﬁﬂBJ’IFIIOTCFI B KOHeL ClNMnUCKa

Queue:
Size Head Tail ¢

|

JlaHHble Next+—» JlaHHble Next+—> JlaHHble Next+—>NULL
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

= [IpenmylLecTBa: ASIMHA oYepeamn orpaHuyeHa NnLb 06beMOM AOCTYNHOW NaMATH

= HepocTaTKu (No cpaBHEHUIO C peanu3alimeit Ha OCHOBE MacCUBOB): paboTa C
oyepe/ibio HEMHOr0 MefiNieHHee, TpebyeTca 60sblle NAaMATH AN XPaHEHUS OJHOTO

JIieMeHTa
Queue:
Size Head Tall +
JlaHHble | Next +—»

JlaHHble

JlaHHble
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

#include <stdio.h>
#include <stdlib.h>

#include "llist.h”

struct queue {
struct listnode *head;
struct listnode *tail;
int size;
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

/* queue_create: Creates an empty queue */
struct queue *queue_create()
{
struct queue *q = malloc(sizeof(*q));
if (q | = NULL) {

g->size = 0;
g->head = NULL;
g->tail = NULL;

}

return q;
} q TCreate = 0(1)
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

/* queue_free:. Removes queue */
void queue_free(struct queue *q)
{
while (g->size > 0)
queue_dequeue(q) ;

free(q); -

} Free — 0(")
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

/* queue_size: Returns size of a queue */
int queue_size(struct queue =*q)

{
return gq->size;
}
int main()
{

struct queue *q;
q = queue_create();

queue_free(q);
return 0; T .= 0(1)



Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

/* queue_enqueue: Add item to the queue */
void queue_enqueue(struct queue *q, int value)

{

struct listnode *oldtail = g->tail;

/* Create new node */
g->tail = list_createnode(value);

if (g->head == NULL) {
/* List is empty */
g->head = g->tail;
} else {
/* Add new node to the end of list */
oldtail->next = gq->tail;
}

q->slzet++; TEnqueue

= 0(1)



Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

int main()

{

struct queue *q;

int 1i;

q = queue_create();

for (i =1; i <=10; i++) {
queue_enqueue(q i);

}

printf("Queue size: %d\n", queue_size(q));

queue_free(q);
return 0;
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

/* queue_dequeue: Gets item from the queue =*/
int queue_dequeue(struct queue *q)

{
int value;
struct listnode #*p;
if (gq->size == 0)

return -1;

/* Delete first node =%/
value = g->head->value;
p = g->head->next;
free(g->head);
g->head = p;
g->size--;

} return value; TDequeue = 0(1)
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Peanu3auus oyepean Ha OCHOBE CBSA3HbIX CMIUCKOB

int main()

{
struct queue *q;
int 1, j;
q = queue_create();
[* ... %/
for (i = 1; i <= 11; i++) {
j = queue_dequeue(q);
printf("%d: next element: %d\n", i, j);
}
queue_free(q) ;
return 0;
}
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Peanusauus oyepean Ha OCHOBE LIMKJINYECKMUX
MaCCUBOB

= JnemMeHTbl 0Yepean XpaHaTcs B MaccuBe (UKCUPOBAHHOM AJSIMHDbI [0.. L — 1]
= MaccuB normyecku npeacraensercs B Buae konoua (circular buffer)

= Bnycton oyepean Tail = 0,Head = L

0 1 2 L-1 [
X
| !

Tail Head
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Peanusauus oyepean Ha OCHOBE LIMKJINYECKMUX
MaCCUBOB

= [1pn fob6aBneHnUn aneMeHTa B oyepe b 3HayeHue Tail LUKIIMYeCcKH
yBenuymBaeTcs Ha 1 (CABUraeTcs Ha CNeyoLLy0 CBOOOHYIO MO3ULIKIO)

» Ecnu Head = Tail + 1, T0 o4yepelb nepenonHeHa!

Enqueue(1):
0 1 2 L-1 L
1 X
] I

Tail Head
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Peanusauus oyepean Ha OCHOBE LIMKJINYECKMUX
MaCCUBOB

= [1pu yganeHuu Bo3BpaLlaeTca ajieMeHT ¢ HomepoM Head % L

= 3HayeHue Head uUMKNUYecku yBennumBaetcs Ha 1 (YKasbIBaeT Ha
CNneayoLULun 3NeMEHT oyepean)

0 1 2 L-1 L
1 X
Tail Head
Dequeue():
0 1 2 L-1
X

Head Tail o9



Peanusauus oyepean Ha OCHOBE LIMKJINYECKMUX
MaCCUBOB

#include <stdio.h>
#include <stdlib.h>

struct queue {
int *v;
int head;
int tail;
int size;
int maxsize;
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Peanusauus oyepean Ha OCHOBE LIMKJINYECKMUX
MaCCUBOB

/* queue_create: Creates an empty queue */
struct queue *queue_create(int maxsize)

{
struct queue *q = malloc(sizeof(*q));
if (q != NULL) {
g->v = malloc(sizeof(int) * (maxsize + 1));
if (gq->v == NULL) {
free(q);
return NULL;
}
g->maxsize = maxsize;
g->size = 0;
g->head = maxsize + 1;
g->tail = 9;
ietu rn q; TCreate = 0(1)
}
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/* queue_free: Removes queue =*/
void queue_free(struct queue *q)

{

free(q->v);
free(q);
}

/* queue_size: Returns size of a queue =*/
int queue_size(struct queue *q)

{
}

return g->size;
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/* queue_enqueue: Add item to the queue =*/
int queue_enqueue(struct queue *q, int value)

{
if (g->head == g->tail + 1) {
fprintf(stderr,
"queue: Queue overflow\n");
return -1;
}
q->v[g->tail++] = value;
q->tail = g->tail % (g->maxsize + 1);
g->slize++,;
return 0; Tenquene = 0(1)
}
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/* queue_dequeue: Gets item from the queue */
int queue_dequeue(struct queue *q)

{
if (gq->head % (g->maxsize + 1) == g->tail)
{
/* Queue is empty =*/
fprintf(stderr,
"queue: Queue is empty\n");
return -1;
}
q->head = gq->head % (gq->maxsize + 1);
g->size--;
return gq->v[qg->head++]; Tpequeve = 0(1)
}
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int main()

{
struct queue *q;
int i, val;
q = queue_create(10);
val = queue_dequeue(q);
for (i = 1; i <= 11; i++) {
queue_enqueue(q, i);
}
for (i = 1; i <= 5; i++) {
val = queue_dequeue(q);
}
queue_free(q);
return 0;
}
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= HallTu 1 NnpounTaThb O |BYXCTOPOHHEN o4epeau
(nek, deque — double ended queue)

= [DSABook, 'naBa 7, naBa 8]
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