AIAAIKAZTIKOZ
[MPOIMPAMMATIZMOX



AvadopEC

O1 diagaveleg TS didAecnc oTnpidovTal, €V JHEPEI, OE UANIKO
TTAPAdOCEWV TTAAAIOTEPWY ETWV TOU THAMATOG
HAekTpOAOYWYV Mnxavikwyv Kal TexvoAoyia YITOAOYICTWYV
Tou lMavemoTnuiou Martpwyv KaBwc kal Tou THAMATOG
NMAnpo@opikng Tou lNMavemioTuio Kutrpou.




' nusm p
2TOLPEG - stacks g

[la TNV mapaoctaon plog otolfag ue otoela oy, o,
..., 0, LTIOPOUE VO XPNOLLOTIOLNCOUE Mo
ouvdedepevn Alota ano KopBouc.

KaBe kopBoc amoteAeital amo eva otolxeio (otoxela
NC otoifac) kat amo eva delktn (MPOC TOV ETMOUEVO
KOuBo tng otoiBac). H kopudn tnc otoifac eivat o
nPWTOoC KOUPoc TN Alotac.

XPpNOLUOTIOLOUME pLa HeTAaBANTA yLa vt GUAAYOULE
OTOLXELO OXETLKA LE TN otolBa 1.X. LEYEBOC (size) Kol
deilktn mpoc¢ tnv kopudn tn¢ otoifog (head).



>TolPBec - stacks

H vAomoinon twv Baolkwv Asttoupylwyv otoifac punopel va yivel pe
arnA£c ouvdedepevec AloTec.

1 2 3 2

» »
> >

Aelrtoupyleg push /pop / top
Last-In First-Out (LIFO)

Baolki mpoUmoBeon: OAeC oL MPALELC vaL eKTEAOUVTOAL XWPLE avalnTnon
omolodnToTe oToLXElOU. 3



>TolPeg — stacks: push

1 181

¢ push: INpooBnkn kaivoupio kOouou oTnv
Kopu®n TNG oToif3ac.




>TolBec — stacks: pop

“ pop: Alaypa@n Tou KOPoU KopuPnc TNG
oToif3ac.



2TOLBEC — stacks: top

1 181

» top: EmoTpopr Tou KOPPBOU KOPUPNC TNG
oToif3ac.




Edappoyn : looluytopoc ZupufoAwv

O €A\eyxoc ouvtaénc (m.x. EVOC MPOYPOAUMOTOC) ATtaLTEL
va tatplaéovpe cupBoAa onwe: (e ) n{ pe }

MNpoBAnua: va OLATILOTWOETE av (Lo cupBolooslpa
IOV TIEPLEXEL TOUC TILO TTAVW XOAPOKTNPEC Elval
looluyLopevn, OnAadn oAa ta cupBola tatpralouv.

x. {[]}
([{}{}[]))
([1{()})



MNapadeypa EkteAeonc

Stack

Top_pt_ r - ( ( (

(L3 () RERQD oD P (D)

—— u Ava maoa otlyun, N otoifa

TIEPLEXEL OAEC TA "apLoTteEPA’
oUUBoAa tou H&v €xouV
(1) 1 QLKOUN ‘TALPLOOTEL .




2tolfa — Stack YAomoinon pe

ouvOEedeUEVN AloTAL
]

typedef struct node {

int val;

struct node *next;
} stackNode;

" H vlomoilnon twv Baoctkwv tpaéewyv otoifoc yLa
avamnapaotaon e cuvdedepevec AloTec.

top_ptr
1

NULL

stackNode

stackNode

stackNode

" Baolkn tpoUmoBeon: OAeC oL MPALELC var EKTEAOUVTOL
Xwpic avalntnon omnolodrnmoTe oToLELoU.



#include <stdio.h>

typedef struct node({ top ptr

_P
int data; 0x89FF m

struct node *next;
} StackNode ;

void push(StackNode **stack head, int x );

int main()

{
StackNode *top ptr=NULL;

return O;

}

void push(StackNode **stack head, int x )

{
[**/
}



210if3a — NpooOnkn KéuBou otn ZToifa

void push(StackNode **stack head, int x )
{
StackNode *p=malloc( sizeof ( StackNode ) );
if (p!= NULL ) {
p->data = x;
p->next = *stack_ head;
*stack head = p;




#include <stdio.h>
#include <stdlib.h>
typedef struct node({ top ptr

int data; 0x89FFm

} StackNode ;
stack head
ot main0 « [

StackNode *top ptr=NULL;
push (&top ptr,0);
return O;

}

void push(StackNode **stack head, int x )
{
StackNode *p=malloc( sizeof ( StackNode ) );
if ( p != NULL ) {
p->data = x;
p->next = *stack head;
*stack head = p;



#include <stdio.h>
#include <stdlib.h>
typedef struct node({ top p tr
int data; 0x89FF
struct node *next;
} StackNode ;

O0x65FA
data next

Stack_ head 0x89FF

int main()

X

{
StackNode *top ptr=NULL; P m
push(&top ptr,0);
return O;

}

void push(StackNode **stack head, int x )
{
StackNode *p=malloc( sizeof ( StackNode ) );
if ( p != NULL ) {
p->data = x;
p->next = *stack head;
*stack head = p;



#include <stdio.h>
#include <stdlib.h>
typedef struct node({
int data;
struct node *next;
} StackNode ;

0x65FA
data next

top ptr
(0Ox89FF

Stack head Ox89FF

int main()

{

Ox65FA =°

return O;

}

void push(StackNode **stack head, int x )
{

p->next = *stack head;
*stack head = p;



#include <stdio.h>

typedef struct node{ top_p tr O0x65FA
int data; (Ox89FF data  next

struct node *next;
} StackNode ;

Stack_ head 0x89FF

int main() % ;
{ ~"

p Ox65FA i

return O;

}

void push(StackNode **stack head, int x )
{

*stack head

il
o



#include <stdio.h> m
#include <stdlib.h>
typedef struct node({ top_p tr 0x65FA
int data; (Ox89FF data  next
struct node *next;
} StackNode ;

Stack_ head 0x89FF

int main()

{

o] Ox65FA

return O;

void push(StackNode **stack head, int x )
{




#include <stdio.h>

#include <stdlib.h> m m

typedef struct node{ 0x65FA
. . top p tr ]
int data; 0x89FF ., data next

\J

struct node *next; e
} StackNode ;

int main()

{
StackNode *top ptr=NULL;
push(&top ptr,0);
push (&top_ptr, 3) ,\G)a)\oupa vVa TTPOCOECOUE
} return 0; évav deUTEPO KOMPO OTN OTOIRA

void push(StackNode **stack head, int x )

{
StackNode *p=malloc( sizeof ( StackNode ) );

if ( p != NULL ) {
p->data = x;
p->next = *stack head;
*stack _head = p;



#include <stdio.h>
#include <stdlib.h>
typedef struct node{
. . top p tr
int data; (Ox89FF
struct node *next;
} StackNode ;

0x65FA
data

next

. . Stack_ head 0x89FF
int main()

¢ x [
StackNode *top_ptr=NULL;

- push(&top_ptr,0);

- push(&top_ptr,3);
return O;

}

StackNode *p=malloc( sizeof ( StackNode ) );
if ( p != NULL ) {

p->data = x;

p->next = *stack_head;

*stack _head = p;

-



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

typedef struct node{ m 0x65FA

int data; top_p tr ., data next
struct node *next;
} StackNode ;

. . Stack_ head 0x89FF
int main()

{ x
StackNode *top_ptr=NULL;

~ push(stop_ptr,0); P m peane

~ push(stop_ptr,3); 1 data next

-

return O; .,

}

void push(StackNode **stack_head, int x )
i
StackNode *p=malloc( sizeof ( StackNode ) );
if ( p != NULL ) {
p->data = x;
p->next = *stack_head;
*stack _head = p;

-



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

typedef struct node{ m 0x65FA

int data; top_p tr ., data next
struct node *next;
} StackNode ;

. . Stack_ head 0x89FF
int main()

{ X
stackiode *top_ptr=NULL;

~ push(stop_ptr,0); P m~~ DXBAAC

~ push(stop_ptr,3); »  data next
return O; k‘

} L 4

void push(StackNode **stack head, int x )

_

p->next = *stack_head;
*stack _head = p;

-



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

typedef struct node{ m 0x65FA

int data; top_p tr ., data next
struct node *next;
} StackNode ;

. . Stack_ head 0x89FF
int main()

{ X
stackNode *top_ptr=NULL;

~ push(stop_ptr,0); P m pene

- push(stop_ptr,3); 1 data next

-

return O; Ox65F
} A

*stack _head = p;

-



#include <stdio.h>

#include <stdlib.h>

typedef struct node{
| int data;

struct node *next;
} StackNode ;

4

to -tr 0x65FA
O data  next

int main()

stack head
{

0x89FF

X E

stackiode *top_ptr=NULL; -.
- push(stop_ptr,0); I oinc - B S,
~ push(stop_ptr,3);

data next
return O;

Ox65F
A




#include <stdio.h> m
#include <stdlib.h>
typedef struct node{ 0x65FA
. . top p tr
int data; 0x89FF data  next
struct node *next;
} StackNode ;
void push(StackNode **stack head, int x );
int main()

{ :
StackNode *top ptr=NULL; %
push(&top ptr,0); 0x54AC
push(&top_ptr,3); % data next
return O; x" Ox65F
} K A

void push(StackNode **stack head, int x )
{
StackNode *p=malloc( sizeof ( StackNode ) );
if ( p != NULL ) {
p->data = x;
p->next = *stack head;
*stack _head = p;



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

typedef struct node{ m 0x65FA

int data; data next

top ptr
struct node *next; 0x89FF

} StackNode ;
void push(StackNode **stack head, int x );
int main() :
{ : 0x54AC

StackNode *top ptr=NULL; : data next
int i; :
for (i=0;i<10;i++)push(&top ptr,i); . Ox65FA

return O; .
} 0x94CC

void push(StackNode **stack_head, int x ) : data next
{ :
StackNode *p=malloc( sizeof (StackNode));
if ( p != NULL ) { :
p->data = x; i  0x99AC
p->next = *stack_head; . data next

*stack _head = p;




210ia — EKTUTTWON ZTOIOG

void printStack( StackNode *stack node )

{
if (stack node == NULL )

printf( "The stack is empty.\n\n" );
else {
printf( "The stack is:\n" );
while ( stack node != NULL ) {
printf( "%d --> ", stack node->data );
stack node = stack node->next;

}
printf( "NULL\n\n" );




int main() | |
{ ____ main
StackNode *top ptr=NULL;

N & 0x65FA
int i; °OP;8P9F1; data next
for (i=0;1i<10;i++){

push(&top ptr,i); m

} stack node ¢
printStack(top ptr);

: 0x54AC
return O; : data next
} .
void printStack( StackNode *stack node )
{
if (stack node == NULL ) :
printf( "The stack is empty.\n\n" ); :  0x94CC
else { :data next

printf( "The stack is:\n" );
while ( stack node != NULL ) {
printf( "%d --> ", stack _node->data );

stack_node = stack_node->next; E 0Xx99AC
! d
: " " ata next
printf( "NULL\n\n" );
} Th stcs: N (o) 0
} Q9->8->7->0->3->4->3->2-->1-->0-->NLL
—




int main()

{

StackNode *top ptr=NULL;
int i;

” Ox65FA
Li _ Syl Ox99AC data next
for(i=0;i<10;i++){
push(&top ptr,i); m
} stack node
printStack(top ptr); :
: 0x54AC
return 0; data next
}
void printStack( StackNode *stack node ) . Ox65EA
{
if (stack_node == NULL ) B
printf( "The stack is empty.\n\n" ); P
else { y
printf( "The stack is:\n" ); K
while ( stack node != NULL ) {
printf( "%d --> "
stack_node =
}

, stack node->data );
printf (

stack node->next;
"NULL\n\n" );

0x99AC
data

9




int main()

{

StackNode *top ptr=NULL;
int i;

” Ox65FA
Li _ Syl Ox99AC data next
for(i=0;i<10;i++){
push(&top ptr,i); m
} stack node
printStack(top ptr); :
: 0x54AC
return 0; data next
}
void printStack( StackNode *stack node ) . Ox65EA
{
if (stack_node == NULL ) B
printf( "The stack is empty.\n\n" ); P
else { y
printf( "The stack is:\n" ); K
while ( stack node != NULL ) {
printf( "%d --> "
stack_node =
}

, stack node->data );
printf (

stack node->next;
"NULL\n\n" );

0x99AC
data next




210iBa — Alaypa@n KOMBou KOpUPNGS

int pop( StackNode **stack head)

{
StackNode *tempPtr;

tempPtr = *stack head;

int popValue;
popValue = ( **stack head ).data;

*stack head = ( *stack head)->next;
free( tempPtr );
return popValue;




int main()

( ___Heap
StackNode *top ptr=NULL; 0x65FA
: e t t
int :E., . . 858_§pFFr 0x99AC : data next
for(i=0;1i<10;i++) :
push(atop ptr,y; LI
pop (&top ptr); stack_ head :
return O; tempPtr
} popValue

data next

int pop( StackNode **stack_head)

( Ox65FA

StackNode *tempPtr;

tempPtr = *stack_head; :
int popValue; : data next
popValue = (**stack_head ).data; .

*stack_head = (*stack_head)->nextPtr;
free( tempPtr );
return popValue;

data next




int main()

{
StackNode *top ptr=NULL; 0x65FA
int i; top_ptr RErReTyv dat t
o . . 0x89FF . atla nex
for(i=0;1i<10;i++) :
push (stop_ptr,1); NI
pop (&top ptr); stack_ head :
return O; tempPtr
} popValue : 0x54AC
- data next

int pop( StackNode **stack_head)

( Ox65FA
StackNode *tempPtr; :
int popValue; :  0x94CC
popValue = (**stack head ).data; : data next
*stack_head = (*stack head)->nextPtr;
tempPtr = *stack_head; . 0Xx99AC
free( tempPtr ); . data next
return popValue; :

}

9 0x94CC




int main()

{

int pop( StackNode **stack_head)

{

StackNode *top ptr=NULL; 0x65FA
int 1 2 . . thS_QPFi;'r 0x94CC data next
for(i=0;1i<10;i++) :
push(&top ptr,i); “
pop (&top ptr); stack_ head
return O;

tempPtr

popValue

data next

0x54AC 0x65FA

StackNode *tempPtr;

tempPtr = *stack_head;

int popValue;

popValue = (**stack head ).data; .
0x94C

*stack_head = (*stack_head)->nextPtr;

free( tempPtr );

next
return popValue; data

0x99AC 9 0x94CC




{

int pop( StackNode **stack_head)

{

int main() | |

StackNode *top ptr=NULL; “

int i; top_ptr WIS
n . . 0x89FF
for(i=0;1i<10;i++)

push(stop.ptr, 1y ML I

pop (&top ptr); stack_ head
return O;

0x65FA
data next

tempPtr

popValue

data next

0x54AC

StackNode *tempPtr;

tempPtr = *stack_head;

int popValue;

popValue = (**stack head ).data; .
0x94C

*stack_head = (*stack_head)->nextPtr;

free( tempPtr );
return popValue;



Akoun eva Mapadelypa

#include <stdio.h>
#include <stdlib.h>
struct stackNode {
int data;
struct stackNode *nextPtr;
Iy
typedef struct stackNode StackNode;
typedef StackNode *StackNodePtr;

void push( StackNodePtr *, int );
int pop( StackNodePtr * );

int isEmpty( StackNodePtr );
void printStack( StackNodePtr );

void instructions( void );

-~

"

OpLoUOC TUNTWV
&
AnAwon npotunwv
OUVOPTNOEWV

~

J




int main() {

StackNodePtr stackPtr = NULL; /* points to stack top */

int choice, value;

instructions();
printf( "? " );
scanf( "%d", &choice );

while ( choice != 3 ) {

switch ( choice ) {
case 1: /* push value onto stack */
printf( "Enter an integer: " );
scanf( "%d", &value );
push( &stackPtr, value );
printStack( stackPtr );
break;
case 2: /* pop value off stack */
if ( !isEmpty( stackPtr ) )
printf( "The popped value is %d.\n",
pop( &stackPtr ) );
printStack( stackPtr );

break;
default:
printf( "Invalid choice.\n\n" );
instructions();
break;

}

printf( "? " );
scanf( "%d", &choice );

}

printf( "End of run.\n" );
return 0;

-~

YAomnoinon Baotkng
Zuvapetnong

~




/* Print the instructions */

void instructions( void )

{

}

printf( "Enter choice:\n"

"1l to push a value on the stack\n"

"2 to pop a value off the stack\n"

"3 to end program\n" );

/* Insert a node at the stack top */

void push( StackNodePtr *topPtr, int info )

{

StackNodePtr newPtr;

newPtr = malloc( sizeof ( StackNode ) );

if ( newPtr != NULL ) {
newPtr->data = info;
newPtr->nextPtr = *topPtr;
*topPtr = newPtr;

}

else

printf( "%d not inserted. No memory

2UVOPTNOEWV

N

YAomnoinon Aowmwv

~

available.\n", info );



/* Print the stack */
void printStack( StackNodePtr currentPtr )

{
if ( currentPtr == NULL )

printf( "The stack is empty.\n\n" );
else {
printf( "The stack is:\n" );

while ( currentPtr != NULL ) {

printf( "%d --> ", currentPtr->data );
currentPtr = currentPtr->nextPtr;

¥

printf( "NULL\n\n" );



/* Is the stack empty? */
int isEmpty( StackNodePtr topPtr )

{
}

return topPtr == NULL;

/* Remove a node from the stack top */
int pop( StackNodePtr *topPtr )
{

StackNodePtr tempPtr;

int popValue;

tempPtr = *topPtr;

popValue = ( *topPtr )->data;
*topPtr = ( *topPtr )->nextPtr;
free( tempPtr );

return popValue;



= QLotoiBec Bpiokouv peyain xpnon otnv NAnpodopikn yta dnpoupyia AAAwY
Sopwv Kol o€ BaoLkd AOYLOULKO.

= KAaowko mapadeypa adopd tnv KAnon umonpoypappdtwy (function calls) ko
avad popkwy StadLkacLwy.

= e KABe KA\on omoloodATOTE cuVAPTNONC Eval cUVOAO amo Aé€elc (stack frame)
duAdooetal o pLa otoifa, ano omou Unopel va avacupOEl.

=  Otav pa cuvaptnon KoAel pia dAAn ocuvaptnon oL MapAETPOL TNC
ouvaptnong, N dtevBuvon emLoTPodNC KOl OL TOTIKES LETAPANTEC TNC KAAOV OO
ouvaptnong ¢uAdooovrtal HEca oTn oToifa Tou TTPOYPAUHUATOC.

= ‘Etoy, otav n kAnBeloa cuvaptnon teppatiost, to mepPariov TNV KAAOUOOC
ouVAPTNONG AVOLCUPETAL ATTO TN OTOoLRA YL VO CUVEXLOTEL KOVOVLKA N EKTEAEGDH

n¢.

top_ptr

top_ptr

top_ptr




Oupeg - queves fi1§§
=

enqueue
i dequeue,«“ I

a11 head

»  /\elToupyleg enqueue/dequeue
«  First-In First-Out (FIFO)

40



Queve —-YAomoilnon e GUVOEDSEUEVN

typedef struct node {

char date;

struct node *next;
} QueueNode,

dequeue <--.., enqueug.-

H
headPtr | — — NULL tailPTR

queueNode queueNode queueNode



#include <stdio.h>

#include <stdlib.h>

typedef struct node({
char data; headPtr 0x89FF

struct node *next; tailPtr ox55BC

} QueueNode ;
enqueuve

head Ox89FF
tail Ox55BC

value A

void enqueue( QueueNode **, QueueNode **, char );
int main()

{

return 0;

}
void enqueue( QueueNode **head, QueueNode **tail, char value){

QueueNode *q = malloc( sizeof( QueueNode ) );
if ( q != NULL ) {

g->data = value;

g->next = NULL;

if ( *head==NULL )
*head = q;

else
( *tail )->next = q;

*tail = q;




#include <stdio.h>
#include <stdlib.h> headPtr 0x39FF
typedef struct node({

char data; tailPtriox558C

struct node *next; enqueuve

Node ;
} QueueNode head

tail
value

q

void enqueue( QueueNode **, QueueNode **, char );
int main()

{

return 0;

}
void enqueue( QueueNode **head, QueueNode **tail, char value){
QueueNode *q = malloc( sizeof( QueueNode ) );

if ( q != NULL ) {
g->data = value;
g->next = NULL;

if ( *head==NULL )
*head = q;

else
( *tail )->next = q;

*tail = q;




#include <stdio.h>
#include <stdlib.h> headPtr 0x39FF
typedef struct node({

char data; tailPtriox558C
struct node *next; enqueuve

ueueNode ;
}Q i head Ox89FF

tail Ox55BC
value A
q Ox56FA

void enqueue( QueueNode **, QueueNode **, char );
int main()

{

return 0;

}
void enqueue( QueueNode **head, QueueNode **tail, char value){
QueueNode *q = malloc( sizeof( QueueNode ) );

if ( *head==NULL )
*head = q;

else
( *tail )->next = q;

*tail = q;



#include <stdio.h>
#include <stdlib.h> headPtr 0x39FF
typedef struct node({

char data; tailPtroxs58c
struct node *next; enqueue

ueueNode ;
}Q i head Ox89FF

tail 0x55BC
. value A
void enqueue( QueueNode **, QueueNode **, char );
int main() q 0x56FA
{

return 0;




#include <stdio.h>
#include <stdlib.h>
typedef struct node({
char data;
struct node *next;
} QueueNode ;

int main()

{

headPtr0xg89rF
tailPtr ox55BC

enqueue

head Ox89FF
tail Ox55BC
value A

q Ox56FA

return 0;

( *tail )->next

= q;



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

typedef struct node{
char data;

Ox56F
headPtr0xg89rF Ox56FA snnnnnap

struct node *next; tailPtr 0x558C Ox56FA TYTTRL] 2
} QueueNode ;
enqueue

head Ox89FF

tail 0x55BC
value B
int main()
{ q

return 0;

}

void enqueue( QueueNode **head, QueueNode **tail, char value)({
QueueNode *q = malloc( sizeof( QueueNode ) );
if ( q != NULL ) {
g->data = value;
g->next = NULL;

if ( *head==NULL )
*head = q;

else
( *tail )->next = q;

*tail = q;



#include <stdio.h> 0x56F
#include <stdlib.h> headptr(oxngF Ox56FA TR o
typedef struct node{ .

tallptr(oxssBc Ox56FA -------'

char data;
struct node *next; enqueuve
N °
} QueueNode ; head Ox89FF

tail Ox55BC

value B
q 0x22BB

void enqueue( QueueNode **, QueueNode **, char );
int main()

{
return 0;
}

void enqueue( QueueNode **head, QueueNode **tail, char value) {

if ( *head==NULL )
*head = q;

else
( *tail )->next = q;



#include <stdio.h>
#include <stdlib.h>
typedef struct node({
char data;
struct node *next;
} QueueNode ;

int main()

return 0;

}

{ q

0x56
headPtr0xg89rF Ox56FA snnnnnap

tailPtr o0x558C Ox56FA NS

enqueue

head Ox89FF
tail 0x55BC
value B

0x22BB

void enqueue( QueueNode **head, QueueNode **tail, char value)({




#include <stdio.h> 0x56
typedef struct node({ )
tailPtr ox55BC Ox56FA N S

char data;
struct node *next; enqueuve
N °
} QueueNode ; head Ox89FF

tail Ox55BC

value B
0x22BB

int main()

{ q
return 0;
}

void enqueue( QueueNode **head, QueueNode **tail, char value)({




#include <stdio.h> 0x56
#include <stdlib.h> headptr(oxngF Ox56FA TR o
typedef struct node({ .

tailPtr o0x558C 0x22BB

char data;
struct node *next; enqueve ‘e
N °
} QueueNode ; head ——

tail Ox55BC

value B
0x22BB

int main()

{ q
return 0;
}

void enqueue( QueueNode **head, QueueNode **tail, char value)({




Oupég — EKTUTTWON KOMPBWYV

void printQueue( QueueNode *currentPtr )

{

if ( currentPtr == NULL )
printf( "Queue is empty.\n\n" );
else {

printf( "The queue is:\n" );

while ( currentPtr != NULL ) {
printf( "%c --> ", currentPtr->data );
currentPtr = currentPtr->next;

}
printf( "NULL\n\n" );




Oupéc — Dequeue

{

char dequeue( QueueNode **head,

char value;
QueueNode *temp=*head;

value = ( *head )->data;
*head ( *head )->next;

if ( *head == NULL )
*tail = NULL;

free( temp );
return value;

QueueNode **tail )




#include <stdio.h>
#include <stdlib.h>
0x56

char data; tailPtr(0x55BC 0x22BB

struct node *next; 3
} QueueNode ; dequeuve te

head Ox89FF
tail Ox55BC

temp Ox56FA

int main() value A

{

dequeue (&headPtr, &tailPtr);
return 0;

}

char dequeue( QueueNode **head, QueueNode **tail ){

*head = ( *head )->next;

if ( *head == NULL )
*tail = NULL;

free( temp );
return value;




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

typedef struct node{ headPtr0xg89rF

char data; tailPtxr 0x55BC

struct node *next;
} QueueNode ; dequeuve ‘

head Ox89FF
tail Ox55BC

temp Ox56FA

int main() value

return 0;

}
char dequeue( QueueNode **head, QueueNode **tail ){
- char value;
- QueueNode *temp=+*head;
- value = ( *head )->data;
*head = ( *head )->next;
if ( *head == NULL )

*tail = NULL;

free( temp );
return value;



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

typedef struct node{ headPtr0xg89rF NULL ",

char data; tailPtr( 0x55BC 0x22BB

struct node *next;
} QueueNode ; deq vueuve

head Ox89FF
tail Ox55BC

temp Ox56FA

int main() value

return 0;

}
char dequeue( QueueNode **head, QueueNode **tail ){
- char value;
- QueueNode *temp=+*head;
- value = ( *head )->data;
*head = ( *head )->next;
if ( *head == NULL )

*tail = NULL;

free( temp );
return value;



#include <stdio.h>

#include <stdlib.h>

typedef struct node({
char data; headPtr(0x89FF NULL ",

struct node *next; tailPtr 0x558C Ox22BB

} QueueNode ;
dequeuve

head Ox89FF
tail Ox55BC

temp Ox56FA

int main(){ value

return 0;

}
char dequeue( QueueNode **head, QueueNode **tail ){
- char value;
- QueueNode *temp=*head;
- value = ( *head )->data;
*head = ( *head )->next;
if ( *head == NULL )

*tail = NULL;

free( temp );
return value;



#include <stdio.h>
#include <stdlib.h>
typedef struct node({
char data;
struct node *next;
} QueueNode ;

int main(){

headPtroxsorr
tailPtr/oxs58C

head Ox89FF
tail Ox55BC

temp Ox56FA

value

return 0O;

}

char dequeue( QueueNode **head, QueueNode **tail ){

|‘

return value;




Euyaplotw yLa tTnv mpoooyr oog
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EEmiIKOlVWVia " Qpeg ypageiou: Tetaptn &
Napaockeln 11:00-13:00

Join Zoom Meeting
https://upatras-
gr.zoom.us/j/95080297961?pwd
" Web: http://cfidas.info =MzRta0JRd3ZWVEVIREZNcO9qb
G1Zdz09

= Skype: fidas.christos

* Email: fidas@upatras.gr

" Phone: 2610 — 996491

Aueon Emkoivwyvia péocw Skype

|_ SkypelD:
G Fidas A. Christos

fidas.christos
To UALKOG tnGg dLaAeéng eival dLtaBéoLpo oto eclass

" https://eclass.upatras.gr/
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AIAAIKAZTIKOZ
[MPOIMPAMMATIZMOX



AvadopEC

O1 diagaveleg TS didAecnc oTnpidovTal, €V JHEPEI, OE UANIKO
TTAPAdOCEWV TTAAAIOTEPWY ETWV TOU THAMATOG

HAekTpOAOYWYV Mnxavikwyv Kal TexvoAoyia YITOAOYICTWYV

Tou lMavemoTnuiou Martpwyv KaBwc kal Tou THAMATOG
NMAnpo@opikng Tou lNMavemioTuio Kutrpou.
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Avadpoun

Baowkn €vvola ota MoOnpatikd Kol otnv
[MAnpodopkn.

2TNV MANnpodopLkn n avadpopn XpnoLUOoTIoLELTOL
oV TEXVLIKN TTPOYPAUUATIOUOU Kol ooV Uedodoc
oxedloouou alyopiGuwv.

2TOV TIPOYPOUUATIONO N avadpoun epdaviletal
LLE TNV KAON EVOC UNMTOTTPOYPOAHHOTOC OTtO TOV
£0LUTO TOU.



Avadpopun

" Eva avadpoLko uTtompoypapLa armoteAEiTaL armo:
" gva Brpa SLokomnc:
[l To omolo yvwpil{ouv e TNV amavinon Kot prmopet va AuBet xwplig
va ehopUOooUE AANEC aVASPOULKEC KANOELC TNC oUVAPTNONG.
**Kabe avadpoLLKr} ouVAPTNON TIPETEL VO £XEL TOUAAXLOTOV VAl
Bua dtokomnc!
" gval avadpOULKO Brpa:
To orolo opilel To amoteAeopa AUONG EVOC LEYOAUTEPOU
NPOPBANUATOC OTIA{OVTOC TO OE MIKPOTEPO KOMUATLA. Lo val TTAPEL
TLIC AUOELC TWV K ULKPOTEPWV» UTIO-TIPOBANMATWY, KOAEL Eova TNV
(6la cuvaptnon.



MnN-ovaOPOULKEC CUVOPTNOELG

Mpotou dolpe T eivat avadpounn Bswpriote 1o MPOPANUA €UpecnC TOU
TIapayovTtikoU KAmoLlou aplBuou (factorial).

o'=1, 1I=1 2! =1x2 =2 3I=1x2x3 =6
4! = 1x2x3x4=24 5! = 1x2x3x4x5 =120

Zntouuevo: Na vlomotnoouue tnv factorial(int n) n omola UG ETTLOTPEPEL TO
TTOPOYOVTIKO KATTOLOU TETLKOU AKEPALOU n.

NoOon

int factorial(int n) {
int i, result=1;
for (i=1; i<=n; i++) {
result *= i;

}

return result;




Avadpoun - MNMapayovtiko

if (n == 0).
 main e

else
return n x factorial (n-1);

factorial (O)
return 1 ;




Avadpopun - Mapayoviko

int factorial ( int n ) {
if (n == 0)
return 1;

printf(“%d”, factorial(3))

else
return n x factorial (n-1);




Avadpoun - MNMapayovtiko

67—,

int factorial ( int n ) {

if (n == 0)
return 1;

orintf(“%d”’, factorial(3))

Extéleon factorial(3)

else
return n x factorial (n-1) return 3 x factorial (2);

; |




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(“%d”", factorial(3))

else Extéleon factorial(3)

return n x factorial (n-1) return 3 x factorial (2);

} | <_|

Extéleon factorial(Z)

return 2 x factorial(l);




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(““%d”’, factorial(3))
Extéleon factorial(3)

else

return n x factorial (n-1) return 3 x factorial (2);

} | <_|

Extéleon factorial(Z)

return 2 x factorial(l);

S

Extéleon factorial( 1)

return 1 x factorial (0) ;




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(““%d”’, factorial(3))

else Extéleon factorial(3)

return n x factorial (n-1) return 3 x factorial (2);

} | <_|

Extéleon factorial(Z)

return 2 x factorial(l);

S

Extéleon factorial( 1)

return 1 x factorial (0) ;

Extéleon factorial(()) \

return 1;




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(““%d”’, factorial(3))

else Extéleon factorial(3)

return n x factorial (n-1) return 3 x factorial (2);

} | <_|

Extéleon factorial(Z)

return 2 x factorial(l);

S

Extéleon factorial( 1)

return 1 X

Extéleon factorial( 0)

return 1;




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(““%d”’, factorial(3))

else Extéleon factorial(3)

return n x factorial (n-1) return 3 x factorial (2);

} | <_|
Extéleon factorial(2)
return 2 %—faete!-l-(l) ;

Extéheon factorial(1) J

S

return 1 X

Extéleon factorial( 0)

return 1;




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0)
return 1;

orintf(““%d”’, factorial(3))

else Extéleon factorial(3)

} | T |
Extéleon factorial(Z) J
return 2 %—f-aete!-l-(l);

Extéheon factorial(1) J

S

return 1 X

.
4

Extéleon factorial( 0)

return 1;




Avadpoun - MNMapayovtiko

int factorial ( int n ) {
if (n == 0) . 60/ 477 A
ceturn 1 orintf(“%d”’, factoricl(3))
e Extéleon factorial(3)
return n X factorial (n-1) return 3 x factorsd: ;
I |

|
) |

Extéleon factorial(Z)
return 2 %—f-aete!-l-(l

Extéheon factorial(1) J

S

return 1 X

.
4

Extéleon factorial( 0)

return 1;




void printStackRecursive( StackNode *stack node )

{

if (stack _node == NULL )
printf( "NULL\n\n" );
else {
printf ("% -->", stack node->data);

printStackRecursive ( stack node->next);




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

typedef struct nodef m

struct node *next; 0x89FF

} StackNode ;
void push(StackNode **stack_head, int x );
void printStackRecursive( StackNode * );

Ox65FA

I

0x54AC
int main() : data next
{ :
StackNode *top ptr=NULL; . Ox65FA
int i; :
for (i=0;i<10;i++)push(&top ptr,i); :
printStackRecursive (top ptr); :  0x94CC
return 0; : data next
}
void printStackRecursive( StackNode *stack_node )
{ :
if (stack_node == NULL ) : C?X:QAC t
printf( "NULL\n\n" ); ata hex
else {
printf("%d -->", stack node->data);

printStackRecursive ( stack_node->next);




JRETTI. prlntStackRecur51ve

_tack node

N prlntStackRecur51ve

'..“

1.

0x65FA
data next

0x54AC
data next

0x94CC
data next

0x99AC
data next

void printStackRecursive( StackNode *stack_node )

{

if (stack node == NULL )
printf( "NULL\n\n" );
else {
printf ("% -->", stack node->data);
printStackRecursive ( stack_node->nextPtr);
}
return;




EuBuypapueg 2uvoedeuEveg AiOTEG —
Xpnon AvadpouIKWYV 2ZUVOPTNCEWV

typedef struct { typedef struct node {

NODE *head; int val;

int size; struct node *next;
} LIST; } NODE,;

MrmopouUpue péow tnG LIST va avadepopaote otov mpwto KOUPo tne AloTtacg Kot va
KataypAdou e Aouma XopoKTNPLOTIKA TNE AloTtac avaloya e To mpoBAnua (m.x. size,
numberof _odd_nodes, number_of_even_nodes, KTA):

LIST

DD —_ —_— —_— NULL
NODE NODE NODE




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

/typedef struct node {\

int val;
struct node *next;
} NODE;
N /)

/typedef struct { A
NODE *head;
int size;

} LIST;
N\

)

void createLinkedList(LIST *,int );
void printlist(LIST *);

int main()
{
LIST mylist={NULL,0};
createlLinkedList(&mylist,10);
printlist(&mylist);
return 0;

void createlLinkedList(LIST * list,int x){
NODE *tmp;
int i=0;
for(;i<x;i++){
if(list->head==NULL){
list->head=createNode(list, i);
tmp=list->head;
}
elsef
tmp->next=createNode(list, i);
tmp=tmp->next;
}
}

return ;

}

NODE* createNode (LIST * list, int value) {
NODE *node;
node = (NODE *)malloc(sizeof(NODE));
if (node == NULL) {
printf("Memory not allocated.\n");
exit(0);
¥
else{
list->size=list->size+1;
node->val = value;
node->next = NULL;
return node;

}




AvalnTnon KouBou oe EuBuypapupeg
ATTAQ 2ZuvOedepEVEG AIOTEG
Me mopOpoLo TPOTIO UITOPOU UE VoL opiocoupe Stadikaoio

findpointer(LIST *L, key val) mou emnotpedel deiktn mpog KOUPO TNC
ALOTOC TTOU TTEPLEXEL TO OTOLXELO val, av UTTAPXEL.

NODE *findpointer (LIST *list, int wvalue) {
NODE *p = list->head;
while (p !'= NULL) {
if (p->val == value) {
return p;

}

P = p->next;
}
return NULL;



AvalntTnon Kouou o€
EuBuypappec ATTAG 2uvoedepEveS AiOTEG
Me TapOOLO TPOTIO UTTOPOULLE vVa oploou e Sladkaaotia

findpointer(LIST *L, key val) mou entotpedel deiktn mpog KOUPO NG
ALOTOC IOV TTEPLEXEL TO OTOLXELO val, av uTIAPXEL.

NODE *findpointer (LIST *list, int wvalue) ({
NODE *p = list->head;
if (p == NULL) return NULL;
else if (p->val == value) return p;

return findpointer (p->next, value);

}



#include <stdio.h>
#include <stdlib.h>
typedef struct node {
int val;
struct node *next;
} NODE;

typedef struct {
NODE *head;
int size;

} LIST;

head (0x34a1)

size

new_node YY9023

void append_recursive(NODE **,NODE *);

int main()

{

LIST mylist={NULL,0};

NODE* new_node;
int i;
for(i=0;i<3;i++){

new_node =createNode(&mylist, i);

EE9023

o)

xx9023

XX9023¢**"

¢
&
’0
*

1

NULL

YY9023

2

NULL

NMpoocOnkn KéuBou pe Avadpopn oto TEAOG

append_recursive(&(mylist.head), new_node);

}

return 0;

EuBUypappng ATTAd Zuvdedepévng Aiotag




NMpooOnkn KouRou OTO TEAOG
EuBuypappung ATTAd Zuvdoedepévng AioTag

void (NODE **current_node, NODE *new_node) {
if (fcurrent_node == NULL) {
*current_node = new_node;
return ;
}
( & ( (*fcurrent_node)->next ), new_node );
return;



#include <stdio.h>

#include <stdlib.h> head(?XMAA) EE9023
typedef struct node { size o | xx9023
int val; new_node YY9023 H
N struct node *next;
} NODE; append_recursive XX90234¢**"
1 | NULL
typedef struct { current_node B &ZIV.A
NODE *head; new_node YY9023
int size;
} L|ST; YY9023
2 | NULL
void append_recursive(NODE **,NODE *);
int main()
{
LI ST myl ISt:{N U LL’O}’ void append_recursive(NODE **current_node, NODE *new_node) {
NODE* new node; if (“current_node == NULL) {
in t I — retu::tfrrent_node = new_node;
for(i=0;i<3;i++) )

append_recursive( & ( (*current_node)->next ), new_node );

new_node =createNode(&mylist, i)  return;
append_recursive(&(mylist.head), ifiew_1ivue),

}

return 0;




head (0x34a1)

, S EE9023 YY9897

size IREEE = ¢ xx9023

new_node YY9023 .

1" KAnon XX9023¢**"
NULL
current_node B &ZLV.A 1
new_node YY9023
YY9023

2 NULL

void append recursive(NODE **current_node, NODE *new_node) {
if (fcurrent_node == NULL) {
*current_node = new_node;
return ;
}
append_recursive( & ( (*current_node)->next ), new_node );
return;



head (0x34a1) .
*e EE9023 YY9897

oo |

size

new_node YY9023

append_recursive
XX9023 AB6514
Ox34AA 1 I NULL
YY9023
2" KARon append_recursive
current node YY9897 Yv9023
- 2 I NULL

new_node YY9023

void append recursive(NODE **current_node, NODE *new_node) {
if (fcurrent_node == NULL) {
*current_node = new_node;
return ;
}
append_recursive( & ( (*current_node)->next ), new_node );
return;



3" KARon

head (0x34a1)

. a EE9023 YY9897
sSlize '...’ o I xx9023
new_node YY9023 .
append_recursive
XX9023¢** AB6514
Ox34AA 1 I
YY9023
append_recursive
YY9897 YY9023
2 I NULL
YY9023
append_recursive

current_node

new_node

AB6514
YY9023

void append_recursive(NODE **current_node, NODE *new_node) {
if (*current_node == NULL) {
*current_node = new_node;

return ;

}

append_recursive( & ( (*fcurrent_node)->next ), new_node );

return;



head (0x34a1)
size

nKhon &

Ox34AA

YY9023

current_node YY9897

....

*,» new_node YY9023

l....

‘e EE9023 YY9897
el 0 | xx9023
0"’
XX9023¢**"  aB6514

1|

YY9023

yvo02¥’
2 | NULL

3Khjon T

current_node AB6514

new_node YY9023

void append_recursive(NODE **current_node, NODE *new_node) {

if (*current_node == NULL) {
*current_node = new_node;
return ;

}

append_recursive( & ( (*fcurrent_node)->next ), new_node );

return;



Euyaplotw yLa tTnv mpoooyr oog
]

EEmiIKOlVWVia " Qpeg ypageiou: Tetaptn &
Napaockeln 11:00-13:00

Join Zoom Meeting
https://upatras-
gr.zoom.us/j/95080297961?pwd
" Web: http://cfidas.info =MzRta0JRd3ZWVEVIREZNcO9qb
G1Zdz09

= Skype: fidas.christos

* Email: fidas@upatras.gr

" Phone: 2610 — 996491

Aueon Emkoivwyvia péocw Skype

|_ SkypelD:
G Fidas A. Christos

fidas.christos
To UALKOG tnGg dLaAeéng eival dLtaBéoLpo oto eclass

" https://eclass.upatras.gr/
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