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XpNnoLuo onelol 0€ CUVOPTNOELC
emeéepyaoloc Alotoc

 HAloto w¢ MoPAUETPOC
— Avadepopaote o€ Alota e tn StevBuvon Tov MPWTOU
oToLxelou

— Mepikec ouvaptnoelc aAlalouvv tn dtevBuvon Tou
NPWTOU otolxelov (mpoobetouy, dlaypadouy, ...)

— AAN\ec o)L (ekTUTIWON, KOTAMETPNON, avalntnon...)
* MpwTta Xpnolpomnoww, HeTa dtaypadw
* Bplokw Kol KOAUTITW ELOLKEC TIEPLITTWOELC

— Evdelktika: adelo AloTta, TpwTO OTOLXELO, KEVO
oToLxeilo w¢ elcodoc



Avaodpoputkn avalntnon o€ Alota

#include <string.h>
#include "mytypes.h"

Listelement ptr recfind(List alist, char name[]) {
if (alist == NULL)
return NULL;
else
if (!strcmp(alist->name, name))
return alist;
else
return recfind(alist->next, name);



Avtoavadopikn (self-
referential) dopun

Element |

Apxn (6vopa)
Element * = === == s o o s o o e e e S e e e e

‘Evag kOuPog deiyvel og koppo idtou tumou (R NULL)

ANAN avayvwon: KaBe kopupog deixvel oe pikpotepn Aiota (7 NULL)



AmtAomtoilnon KWOLKa

* Aflomoinon avtoavadoplkng SOUNC
* Avadpoptkn dtaxeiplon Alotag



struct node {

int value ;

struct node * next;
}s
typedef struct node Node;
typedef struct node * Node ptr;
typedef struct node * List;

Node_ptr createnode(int a);
void report(List 1st) ;
void append ( List * list ptr, Node ptr node_ref);



#include <stdio.h>

#include <stdlib.h>
#include "mylst.h"

#tdefine N 10

int main(void ) {

int i ;

int temp ;

List mylst = NULL;
Node ptr node_ref;

srand(9);

for (i=0; i<N; i++) {
temp = rand() % 10 ;
node_ref = createnode(temp);

append( &mylst, node_ref) ;
}

report(mylst);

return EXIT_SUCCESS;



#tinclude <stdio.h>
#tinclude <stdlib.h>
#include "mylst.h"

Node ptr createnode(int a) {
Node_ptr new_node_ptr;

new_node_ptr = malloc( sizeof (Node) ) ;
new_node ptr -> value = a;

new_node_ptr -> next = NULL;

return new_node ptr;



void report(List 1st) {
if (1st == NULL) return;

printf("%d ", 1lst -> value);
report ( lst->next);

return ;

}

10— — N — B o

report: 4 —3,

¥~ report: 2 -ji> 3
8 “7‘~ report: 3 — 4
6  report:4 —
5 report: NULL

Na BupnBoupe to stack, recursion depth limits



void append ( List * list ptr, Node ptr node _ref) {

if ( *list ptr == NULL) {
*list _ptr = node_ref;
return ;

}s

append( &( (*list_ptr)->next ), node_ref );

return ;

list_ptr —» *1ist ptr

(*list_ptr)->next €ival lvalue

Bpioketal otn &i1evBuvon &((*list ptr)->next)

10



Avadpopun Kol pass by value

List append ( List list, Node ptr node_ref) {
if ( list == NULL) {
return node_ ref;
}s

list->next = append(list->next , node_ref );

return list;

11



e Adarpetikotnta ota dedopeva
— EAgyxoc TUwv
— AOopEC
— Kataiokeun TUTwv

e Auvopkn OLaxeiplton LvnNUNgG

— free(), malloc(), realloc(),...

* AvaOpPOULKOC OPLOUOC CUVOPTNOEWV



Avaodpoputkn avalntnon o€ Alota

#include <string.h>
#include "mytypes.h"

Listelement ptr recfind(List alist, char name[]) {
if (alist == NULL)
return NULL;
else
if (!strcmp(alist->name, name))
return alist;
else
return recfind(alist->next, name);



#tinclude <stdio.h>
#tinclude <stdlib.h>

typedef struct x {

int a;

struct x * next; } X;
typedef X * X ptr;
typedef X * List;

X_ptr createnode (int a) {
X_ptr temp ;
temp = malloc(sizeof (X _ptr));
temp -> a = a;
temp ->next NULL;
return temp;

void append( List * x, X_ptr a) {
if (*x == NULL) {
*X = a;
return ;
}
append (& ( ((*x)->next)), a);
return ;

}

List mymain () {
static List y = NULL;
X _ptr a ;
int x;
scanf("%d", x);
a = createnode(1l);

append(&y, a);
return y;

MepLKEG avadPOLKEC CUVAPTACELC Elval
tail recursive:

Aev ouvbpapel otn Abon to trace back



void append( List * x, X_ptr a) {
if (*x == NULL) {
*X = aj;
return ;
}
append (& ( ((*x)->next)), a);
return ;

void append( List * x, X_ptr a) {
while (*x != NULL) {
*x = (*x) -> next;
}
*X = a;
return ;

MepLKEG avadPOLKEC CUVAPTACELC Elval
tail recursive:
Aev ouvbpapel otn Abon to trace back

H avadpoplkni kKAnon eival to teAeutaio
TIPAYUOL TIPLV TO return ) eivatl n povn
Ekppaon tou return (ry return f(x-1);)

Metaoxnuatilovtal og eMavaAnmTIKEG AUOELC

Ol compilers epappolouv TETOLEC LETATPOTIEC.



& Compiler Explorer

e

¢

COMPILER |,
EXPLORER

://godbolt.org

Csource #1 X

A~ BiSave/load =+ Add new..~
--NORMAL--

1 #include <stdio.h>

2 #include <stdlib.h>

4 typedef struct x { int a; struct x * next; } X;

5 typedef X * X_ptr;

6 typedef X * List;

7

8 X_ptr createnode (int a) {

g X_ptr temp ;

18 temp = malloc(sizeof (X _ptr));

11 temp -> a=a;

12 temp ->next = NULL;

13 return temp;

114}

15

16

17 void append( List * x, X_ptr a) {

18 if (*x == NULL) {

19 E5% = [R

20 return ;

21

22 append (& ( ((*x)->next)), a);

23 return ;

24}

25

26 List mymain () {

27 static List y = NULL;

28 X_ptr a ;

29 int x;

30 scanf("%d", x);

31 a = createnode(1);

32

append(&y, a);
return y;

[C+ + Insights shows how compilers see your code ]

O x

x86-64 gce 4.9.2 (Editor #1, Compiler#1)C X
%86-64 gec 4.9.2 ~ @& 00

A~ % Output.~ YFiter..~ BLlibraries~ = Add new..~

1 createnode:

2 push rbp

3 mov rbp, rsp

4 sub rsp, 32

5 mov DWORD PTR [rbp-20], edi

[ mov edi, 8

7 call malloc

8 mov QWORD PTR [rbp-8], rax

] mov rax, QWORD PTR [rbp-8]
mov edx, DWORD PTR [rbp-20]
mov DWORD PTR [rax], edx
mov rax, QWORD PTR [rbp-8]
mov QWORD PTR [rax+8], @
mov rax, QWORD PTR [rbp-8]
leave
ret

append:
push rbp
mov rbp, rsp
sub rsp, 16
mov QWORD PTR [rbp-8], rdi
mov QWORD PTR [rbp-16], rsi
mov rax, PTR [rbp-8]
mov rax, PTR [rax]
test rax,
Jjne .L4
mov D PTR [rbp-8]
mov PTR [rbp-16]
mov R [rax], rdx
jmp
-L4:

mov rax, PTR [rbp-8]
mov rax, D PTR [rax]
lea rdx, [rax+8]
mov rax, PTR [rbp-16]
mowv rsi,
mov rdi,
call append
nop
leave

C' EOutput (0/0) x86-64gccd9.2 § - eoched m3578)

# Add tool..~
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< c @ 0] @D ® =
Eg;tgkgs ‘ A | M |C++ Insights shows how compilers see your code = |

Csource #1 X O X | x86-64 gcc 4.9.2 (Editor #1, Compiler#1) ¢ X O X

A~ BSave/load + Add new..~ c ~ %86-64 gcc 4.9.2 > & o2 E

=MoLk A~ R 0utput.~ YFilter..~ BLbraries~ 4 Addnew..~ ¢ Addtool..™
1 #include <stdio.h»

2 #include <stdlib.h> 1  createnode: I
3 2 push rbx
4 typedef struct x { int a; struct x * next; } X; N pd eh)_(’ edi
S5 typedef X * X_ptr; 4 mov edi, 8
6 typedef X * List; 5 call malloc i i
7 6 mov DWORD PTR [rax], ebx o -
8  X_ptr createnode (int a) { 7 mov QWORD PTR [rax+8], @
9 X_ptr temp ; 8 pop rbx
1e temp = malloc(sizeof (X_ptr)); 9 ret
11 temp -> a = a; 16 append: B )
12 temp ->next = NULL; 11 mov rdx, QWORD PTR [rdi]
13 return temp; 12 t.ESt rdx, rdx
14 ¥ 13 ine .18
15 14 Jmp aLB
16 15 L7
17  void append( List * x, X_ptr a) { 1e mov rdx, rax
18 if (*x == nuLL) { 17 .Ls:
19 *x = a; 18 moy rax, QWORD PTR [rdx+8]
2@ return ; 19 test rax, rax
21 20 jne L7
22 append (& ( ((*x)->next)), a); 21 i lea rdi, [rdx+8]
23 return ; 22 L6 ) )
24 } 23 mov QWORD PTR [rdi], rsi
25 24 ret
26 List mymain () { 25 .Lc2: )
27 static List y = NULL; 26  .string "Ed”
28 X ptr a ; 27 mymain:
29 int x; 28 sub rs;.g, 8 }
3e scanf("%d", x); 28 xor =iy =5
31 a = createnode(1); e mov edi, OFFSET FLAT:.LC2
32 31 xor eax, eax
EE] append(&y, a); 32 call _%socgg_scamﬁ
return y; 33 mov edi, 8
T call malloc
) mov rcx, O PTR y.2803[rip]
36 mov DWORD PTR [rax], 1
37 mov QUWORD PTR [rax+8], @
38 test rcx, rcx
39 jne .L16
20 jmp .10

41 .L15:

. S
C' B Output (0/0) x86-64 gcc4.9.2 § - cached (206053)




>tolPBec - stacks

Top ptr

* Aewtoupyiec push/pop
e Last-In First-Out (LIFO)

18



2tolBec — stacks: push




>tolBec — stacks: pop




YU BoAlopOC MpoBepaTocC
Prefix notation

2%(5%(5 + 2) + 3°5) [= 100]
2%(5%(+ 5 2) + “3 5)

2¥((* 5 + 5 2) * 3 5)

2¥(+ * 5 + 5 2 * 3 5)

*2 +* 5 + 5 2 * 35

ALaTNPWVTOC TNV TPOTEPALOTNTA, AVTILKAOLoTW
kKaBOe ekppacn a O P uedaf

O teAe0TNC TTIPONYELTAL TWV TEAECTEWV
H teAlkn Ekppoon o€ ypetaletol napevieoeic!



[Meplexopeva stack
o€ KaBe Bnua:

*2+*5+52*35

G

AlaTpEXW TNV EKdpaon armo
oeia mpoc aplotepa.

otav Bplokw aplOuo
TOV TOTIOOETW O0TO CWPO
otav Bplokw teAeotn, Tov epapuolw
otnv kopuodn Tou cwpou
KOlL TOTIOOETW TO amoTEAECUQ
OTO OWPO

35

15
215
5215
715
5715
3515
50

2 50
100



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

struct stackNode {/* self-referential
structure */

int data;
struct stackNode *nextPtr;

}s

typedef struct stackNode StackNode;
typedef StackNode *StackNodePtr;

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

int isEmpty( StackNodePtr );

void printStack( StackNodePtr );
void instructions( void );



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;



/* Print the instructions */
void instructions( void )

{
printf( "Enter choice:\n"
"1 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 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;



MNapadeypo: YITOAOYLOMOC EKPpaonC
npobcpatoc

e Xpnowuomnowwvtoc eva stack, va ypalete eva
TPOYPOLUUOL TIOU VO UTTOAOYLLEL pLa Ekppaon
npoBsuatoc.

* [lpooyedio Auonc

— YAorolel tov aAyoplBpuo tne dtadavelog 6

— H eloodoc eivat eva aApaplOuntiko xwplc keva,
He povoPndLa oxL mpoonpacpeVa dedopEva,
XwpLc EAEYYOUG,...



int main(void) ] ] o
{ B ChUsers\paliuhOnelrive - University of Patras\.cou
StackNodePtr stackPtr = NULL; /* points to stack top */
int choice, value, i;
int a, b;
char expression[100];
printf( "? " );
scanf( "%99s", expression ); /* Can you explain %99s ? */

for(i=strlen(expression)-1; i>=0; i--) { /* read from right to left */
choice = expression[i];
if (isdigit(choice)) { /* a single char only!!! */
value = choice - 48; /* Can you explain why? */
/* push data value onto stack */
printf("Data: ");
push( &stackPtr, value );
printStack( stackPtr );

}
else {
a = pop(&stackPtr);
b = pop(&stackPtr);
switch(choice) {
case '+': push(&stackPtr, a + b);
printStack( stackPtr );
break; The popped result is 17.
case '*': push(&stackPtr, a * b); The stack is empty
printStack( stackPtr );
break;
}
} "OCE exited after 11.69 seconds wi
} " any key continue

/* pop result value off stack */
if ( !'isEmpty( stackPtr ) )
printf( "The popped result is %d.\n", pop( &stackPtr ) );

printStack( stackPtr );

return EXIT_SUCCESS;



OupeEc - queues

headPtr

* Aewtoupylec enqueue/dequeuer
e First-In First-Out (FIFO)

tailPtr

30



Enqueue/Dequeue

* Enqueue: Ztolxeia tomoBetovvtal oto tail

(head) A > B » C » NULL (tail) npbe C
(head) A > B » C » D » NULL (tail) npbe D
(head) A> B > C ->D > E > NULL (tail) npbe E

* Dequeue: Ztolxeia amoxwpouv amnod head

gEunnpeteital to A (head) B>C->D>E > NULL
gEtunnpeteital to B (head) C->D->E > NULL

(tail)
(tail)



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

struct queueNode { /* self-referential structure */
char data;
struct queueNode *nextPtr;

}s

typedef struct queueNode QueueNode;
typedef QueueNode *QueueNodePtr;

/* function prototypes */

void printQueue( QueueNodePtr );

int isEmpty( QueueNodePtr );

char dequeue( QueueNodePtr *, QueueNodePtr * );

void enqueue( QueueNodePtr *, QueueNodePtr *, char );
void instructions( void );

void instructions( void )

{

printf ( "Enter your choice:\n"

1 to add an item to the queue\n"

2 to remove an item from the queue\n"
" 3 to end\n" );



int main(void) {
QueueNodePtr headPtr
tailPtr

NULL,
NULL;

int choice;
char item;

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

while ( choice != 3 ) {
switch( choice ) {
case 1:
printf( "Enter a character: " );
scanf( "\n%c", &item );
enqueue( &headPtr, &tailPtr, item);
printQueue( headPtr );
break;

case 2:
if ( !isEmpty( headPtr ) ) {
item = dequeue( &headPtr, &tailPtr );
printf( "%c has been dequeued.\n", item );
}
printQueue( headPtr );
break;
default:
printf( "Invalid choice.\n\n" );
instructions();
break;

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

}
printf( "End of run.\n" );

return 0;



void enqueue( QueueNodePtr *headPtr, QueueNodePtr *tailPtr, char value )

{

QueueNodePtr newPtr;

newPtr = malloc( sizeof( QueueNode ) );

if ( newPtr != NULL ) {
newPtr->data = value;
newPtr->nextPtr = NULL;

if ( isEmpty( *headPtr ) )
*headPtr = newPtr;
else

( *tailPtr )->nextPtr = newPtr;

*tailPtr = newPtr;

}

else

printf( "%c not inserted. No memory available.\n", value );
return ;

J



char dequeue( QueueNodePtr *headPtr,

{

char value;
QueueNodePtr tempPtr;

value = ( *headPtr )->data;
tempPtr = *headPtr;
*headPtr = ( *headPtr )->nextPtr;

if ( *headPtr == NULL )
*tailPtr = NULL;

free( tempPtr );
return value;

QueueNodePtr *tailPtr )



int isEmpty( QueueNodePtr headPtr )

{

return headPtr == NULL;

void printQueue( QueueNodePtr 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->nextPtr;

printf( "NULL\n\n" );



Ovopuo cuvaptnong

* OLmopevOeoELC WC TEAEDTNC
— AnAwon/mpotuno cuvaptnong
int f (int );
— KAnon cuvaptnong
int a ;
a = £(5) ;
e To ovopa cuvaptnonc Lovo tou = dtevBuvon

* Mmopw va SNAwow oXeTIKA HETaBANTA



[Mivakoc AELKTWY O€ ZuvapTnNon -
Apylkomotlnon

#include <stdio.h>
double one( double );
double two( double );

int main ( void ) {
double (*f[2])(double) = {one, two} ;
double x = 3.47, vy;
int i ;
do {
printf("select function:\t");
scanf("%d", &i);
y = (*f[1-1])( x) ;
printf("result %g\n", y);
} while (1) ;
return 9;
}
double one(double x) { return (x + 1.0) ; }
double two(double x ) { return (x + 2.9) ; }



>tolPBec - stacks

Top_ptr

* Aewtoupyiec push/pop

39



OupeEc - queues

headptr

* Aewtoupylec enqueue/dequeue

tailptr

40



Avadika Asvdpa




* [1POKTIKEC aAVAOPOULKEC OCUVAPTNOELC
— yLa Kato.okeun tou duadikol 6evdpou Kal

— yLa avalntnon



e [poppikn duadikn avalntnon o€ mivako
— Bpec av umtapyxeL to 5

e MpeEmeLva eival Ta&lVOUNEVOC O TILVOLKOLG

* Mwc npoobeTw otolxela o€ TASLVOUNEVO TIVAKO;



e Kota tnv Kkataokeun tou 6evdpou
tornoBetov e kopBouc og Beon KATAAANAN.

* To 6evOpo pmopetl va emektaBel onoladnmote
OTLY N



Tapadswypua: 11, 2, 5,19, 7, 15, 4

Kavovac: Aplotepa oL LKpoTepoL, He€La oL
LeyaAuTeEPOL




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

struct treeNode {
struct treeNode *leftPtr;
int data;
struct treeNode *rightPtr;

}s

typedef struct treeNode TreeNode;
typedef TreeNode *TreeNodePtr;

void insertNode( TreeNodePtr *, int );
void inOrder( TreeNodePtr );

void preOrder( TreeNodePtr );

void postOrder( TreeNodePtr );



int main()
{
int i, item;
TreeNodePtr rootPtr = NULL;

srand( time( NULL ) );

/* insert random values between 1 and 15 in the tree */
printf( "The numbers being placed in the tree are:\n" );

for (1 =1; i<=10; i++ ) {
item = rand() % 15;
printf( "%3d", item );
insertNode( &rootPtr, item );

}

/* traverse the tree preOrder */
printf( "\n\nThe preOrder traversal is:\n" );
preOrder( rootPtr );

/* traverse the tree inOrder */
printf( "\n\nThe inOrder traversal is:\n" );
inOrder( rootPtr );

/* traverse the tree postOrder */
printf( "\n\nThe postOrder traversal is:\n" );
postOrder( rootPtr );

return 0;



TortoBetnon

* Kevn B€on;
— Av vali, cuvedeoe Tov KOUPO Ko TEAOC.
— Av ox4,
e Av n TN tov BEAw va TomoBeTNow £lvol LLKPOTEPN
aro TNV IPEYoVCA, TOMoBETNOE apLoTEPA
e Av elval peyoAutepn, tomoBetnoe dela
e Av elval ton, n Twun vrtapyxel oto 6€voOpo, TEAOC.



void insertNode( TreeNodePtr *treePtr, int value )

{
if ( *treePtr == NULL ) { /* *treePtr is NULL */

*treePtr = malloc( sizeof(TreeNode) );

if ( *treePtr != NULL ) {
( *treePtr )->data = value;
( *treePtr )->leftPtr = NULL;
( *treePtr )->rightPtr = NULL;

}
else
printf( "%d not inserted. No memory available.\n",
value );
}
else

if ( value < ( *treePtr )->data )

insertNode( &( ( *treePtr )->leftPtr ), value );
else if ( value > ( *treePtr )->data )

insertNode( &( ( *treePtr )->rightPtr ), value );
else

printf( "dup" );



void inOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
inOrder( treePtr->leftPtr );
printf( "%3d", treePtr->data );
inOrder( treePtr->rightPtr );



void preOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
printf( "%3d", treePtr->data );
preOrder( treePtr->leftPtr );
preOrder( treePtr->rightPtr );

}

void postOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
postOrder( treePtr->leftPtr );
postOrder( treePtr->rightPtr );
printf( "%3d", treePtr->data );



* [1POKTIKEC aAVAOPOULKEC OCUVAPTNOELC
— yLa Kato.okeun tou duadikol 6evdpou Kal

— yLa avalntnon



Tapadswypua: 11, 2, 5,19, 7, 15, 4

Kavovac: Aplotepa oL LKpoTepoL, He€La oL
LeyaAuTeEPOL




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

struct treeNode {
struct treeNode *leftPtr;
int data;
struct treeNode *rightPtr;

}s

typedef struct treeNode TreeNode;
typedef TreeNode *TreeNodePtr;

void insertNode( TreeNodePtr *, int );
void inOrder( TreeNodePtr );

void preOrder( TreeNodePtr );

void postOrder( TreeNodePtr );



int main()
{
int i, item;
TreeNodePtr rootPtr = NULL;

srand( time( NULL ) );

/* insert random values between 1 and 15 in the tree */
printf( "The numbers being placed in the tree are:\n" );

for (1 =1; i<=10; i++ ) {
item = rand() % 15;
printf( "%3d", item );
insertNode( &rootPtr, item );

}

/* traverse the tree preOrder */
printf( "\n\nThe preOrder traversal is:\n" );
preOrder( rootPtr );

/* traverse the tree inOrder */
printf( "\n\nThe inOrder traversal is:\n" );
inOrder( rootPtr );

/* traverse the tree postOrder */
printf( "\n\nThe postOrder traversal is:\n" );
postOrder( rootPtr );

return 0;



TortoBetnon

* Kevn B€on;
— Av vali, cuvedeoe Tov KOUPO Ko TEAOC.
— Av ox4,
e Av n TN tov BEAw va TomoBeTNow £lvol LLKPOTEPN
aro TNV IPEYoVCA, TOMoBETNOE apLoTEPA
e Av elval peyoAutepn, tomoBetnoe dela
e Av elval ton, n Twun vrtapyxel oto 6€voOpo, TEAOC.



void insertNode( TreeNodePtr *treePtr, int value )

{
if ( *treePtr == NULL ) { /* *treePtr is NULL */

*treePtr = malloc( sizeof(TreeNode) );

if ( *treePtr != NULL ) {
( *treePtr )->data = value;
( *treePtr )->leftPtr = NULL;
( *treePtr )->rightPtr = NULL;
}
else
printf( "%d not inserted. No memory available.\n",
value );
}
else

if ( value < ( *treePtr )->data )

insertNode( &( ( *treePtr )->leftPtr ), value );
else if ( value > ( *treePtr )->data )

insertNode( &( ( *treePtr )->rightPtr ), value );
else

printf( "dup" );



void inOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
inOrder( treePtr->leftPtr );
printf( "%3d", treePtr->data );
inOrder( treePtr->rightPtr );



void preOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
printf( "%3d", treePtr->data );
preOrder( treePtr->leftPtr );
preOrder( treePtr->rightPtr );

}

void postOrder( TreeNodePtr treePtr )
{
if ( treePtr != NULL ) {
postOrder( treePtr->leftPtr );
postOrder( treePtr->rightPtr );
printf( "%3d", treePtr->data );



void inOrder( TreeNodePtr treePtr ) .
: Ord
if ( treePtr != NULL ) { In r er
inOrder( treePtr->leftPtr );

printf( "%3d", treePtr->data ); trave rsal

inOrder( treePtr->rightPtr );

}
}

11

\
2 /
N

\ .

2
4
LN\
7/
1

/

5
15

/

4

N\
7 7\ 15
NN 13



void preOrder( TreeNodePtr treePtr )
{

if ( treePtr != NULL ) {
orintf( "%3d", treePtr->data );
oreOrder( treePtr->leftPtr );
oreOrder( treePtr->rightPtr );




Napadelypata pre-order traversal

e Avtiypadn 6evopou
— [ kaBe kopPo
e Avtlypadel Tov KOuPo
* Avtlypadel aplotepo utto-6€vOpo
* Avtiypadel 6e€t umo-6€vdpo

e E¢aywyn avamnapaoctaonc npobeuatoc (prefix)



Pre-order traversal

(3+5)*6




void postOrder( TreeNodePtr treePtr )
{

if ( treePtr != NULL ) {
nostOrder( treePtr->leftPtr );
postOrder( treePtr->rightPtr );
orintf( "%3d", treePtr->data );




Napadetypata post-order traversal

Awaypadn 6evdpou

— [ kaBe kopPo
e Alaypadel aplotepo umo-6evdpo
e Ataypadel 6e€l umto-6€vdpo
* Awaypadel koppo

e E¢aywyn avamnapaotaonc postfix



BC
CDE
DEFG

EFG

FG




Avalntnon Kotd TTAATOC
Breadth-First Search

Dtace plo adela ovpa

TortoBetnon tn pila tou 6EvdpouL oTNV oupa

Ooco n oupa Ogv elval adela:
Mape eva KOPPO amo tTnv oupa
TortoBetnoe 6AouC TOUC ATTOYOVOUC OTNV oupa
TUMwoe Tov KOUPo



void BFS(TreeNodePtr treePtr) {
QueueNodePtr headPtr = NULL, tailPtr = NULL;
TreeNodePtr temp;
enqueue(&headPtr, &tailPtr, treePtr);

while (!isEmpty(headPtr)) {
temp = dequeue(&headPtr, &tailPtr);
if (temp->leftPtr != NULL)
enqueue(&headPtr, &tailPtr, temp->leftPtr);
if (temp->rightPtr != NULL)
enqueue(&headPtr, &tailPtr, temp->rightPtr);
printf("%3d", temp->data);
}

return;



MPO20OXH: ENAEIKTIKOZ KQAIKAZ
MH XPHZIMONMOIHZETE AYTON T1A TA NAPAAOTEA!
NA ANATTY=ZETE AIKEZ ZA> AYZEIZ!

EPFAZTHPIO MNENTE



/\OYLKOL TEAECTEC

d,

(éxkdppaonl) && (€xkdpaonl);
(éxdpaon2) || (éxdpaon2);
| (exdpaon) ;

/* AND */
/* OR */
/* NOT */



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

int and (int, int);
int not (int);
int or(int, int);

typedef struct gate {
int (*type)();
struct gate *inl;
struct gate *in2;
int result;
} Gate;



Xpnotwpomoww avadpoun.
Aev amoBOnKeLW AVOAUTLIKA TNV TN TNG €€060U.

H kaBe mUAN pwTAEL TIC TTPONYOUUEVEG TTUAEC yLa VO LAOEL TIC TIMEC TWV
€06 WV TOUC.

MHN XPHZIMOMOIHZETE AYTON TON KQAIKA Q% EXEI!!!

MIA AY2ZH



#include <stdio.h>

#include <stdlib.h> int main(void) {
int and (int, int); int d;
int not (int); Gate inputl = { input, NULL, NULL};
int or(int, int); Gate input2 = { input, NULL, NULL};
int input(); Gate input3 = { input, NULL, NULL};
typedef struct gate { Gate g1 = {and, &inputl, &input2};
int (*type)(); Gate g2 = { or, &gl, &input3};
struct gate * inil; Gate g3 = {not, &g2, NULL};
struct gate * in2; d = evaluate(g3);
} Gate; printf("result: %d\n", d);
int evaluate(Gate); system("PAUSE");
return 0;



int

int

int

int

and (int a, int b) {
return a * b;

or (int a, int b) {
return a+b>0;

not (int a) {
return 1 -a ;

input () {

int a;

printf("Enter input: ");
scanf("%d", &a);

return a;



int evaluate(Gate g) {
int out;
int al=-1, a2=-1;

if (g.inl!=NULL)

al = evaluate(*g.inl);
if (g.in2!=NULL)

a2 = evaluate(*g.in2);

out = (*g.type)(al,a2);

return out;

}



#include <stdio.h>
#include <stdlib.h>
#define AND ©
#define OR 1
#define NOT 2
#define INPUT 3

int and (int, int);
int not (int);

int or (int, int);
int input();

typedef struct gate {
int (*type)();
struct gate * inl;
struct gate * in2;
} Gate;

typedef struct gated4file {
int type;
int ini;
int in2;

} Gatedfile;



void file2eval ( Gate g[], const Gated4file gf[], int gates)
{

int i;
int (*f[])()= {and, or, not, input};

for (i=0;i<gates; i++) {

gli].type = f[gf[i].type];
g[i].inl = gf[i].inl!=-1?&g[gf[i].in1]:NULL;
g[i].in2 = gf[i].in2!=-1?&g[gf[i].1in2]:NULL;



int main( ) {

int d;

FILE *f;

Gate g[6];

Gate h[6];

g[0].type= input; g[@].inl= NULL; g[©].in2= NULL; /* input 1 */
g[1l].type= input; g[1].inl= NULL; g[1].in2= NULL; /* input 2 */
g[2].type= input; g[2].inl= NULL; g[2].in2= NULL; /* input 3 */
g[3].type= and;  g[3].inl= &g[0];g[3].in2= &g[1]; /* gl */
g[4].type= or; g[4].inl= &g[3];g[4].1in2= &g[2]; /* g2 */
g[5].type= not; g[5].inl= &g[4];g[5].in2= NULL; /* g3 */

Gate4afile gf[6] = { {INPUT, -1, -1},
{INPUT, -1, -1},
{INPUT, -1, -1},
{AND, o, 1},
{OR, 3, 2},
{NOTJ 4: '1}}.!

Gated4file hf[6];

f = fopen("circ2.dat", "wb");

fwrite(gf, sizeof(Gate4file), 6, f);

fclose(f);

f = fopen("circ2.dat", "rb");

fread(hf, sizeof(Gate4file), 6, f);

fclose(f);

file2eval(h, hf, 6);

d = evaluate(h[5]);

printf("result: %d\n", d);

return O;



