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Programming

Part 2/2 | Advanced

Pointers, Structs, Memory Allocation, Examples using structs



EuBeAe1ia petaBAntwv

e OL petaBAntec evog mpoypappatoc xwpiloviol oe SUO KATNYOPLEC:

* Tig KatBoAKEG peTaBANTEG oL oTtoieg GnAwvovTat oTnv apxr) KABE TPOoyPAUHATOG
TPLV TLC OUVAPTAOELC KOl LItopoUV va TIPOOTIEAACOVTOL ATIO OAEC TLC CUVAPTNOELC.

* TiC TOTKEC pETOBANTEC KABE cuvapTnonc.

int a = 100; // Mia kabBoAilkr HeTaBANTA
int main (void)

{
int y = 5; // Mia tomikn MHETABANTA

return 0;



Pointers

KaBe petaBAntn elval pa mepLoxn otn Hvnun Kot Kabe meployn otn
LV €XEL pla StevBuvon.

e & : XpNO1MOMO1OUUE QUTOV TOV CUUBOALOUO yla va
uaboupe tn O61€UOuvon HVAMNCG TIOU Olatnpeitatl n
UETOPBANTN X.

e ¥px: XPpNO1UOMOTLOUUE QUTOV TOV CUMUBOALOMO yla va
IAPOUME TNV T1UN TNC METABANTAC otnv omoila O&1XVEL
o 0€1KTNC pX.



Pointers

void main (void) {
int Xx;
int *px; X
X = 05
X = &X;
orintft ("x = %d\n", x);
orintf ("px = %u\n", px);
orintf ("*px = %d\n", *px);

PX

1024

1024

1132



Pointers

Evoc pointer sival pot petaBAntn tng omoLac n tTun eivat n StevBuvon pac aAAng
netaBAnTNC. Onwc kaBe aAAn HeTaBANTH TIPETIEL VAL OPLOTEL TIpLV XpnotpomnoLnBet:

type *var-name;

int  *ip; /* pointer to an integer */
double *dp; /* pointer to a double */
float *fp; /* pointer to a float */
char *ch /* pointer to a character */

O MPayUOTLKO TUTIOC TWV pointers, aveéaptnTta Tou TUTou tou deixvouy, ival Evag
long hexadecimal aplOpo¢ mov avanapiota pa dtevbuvon LvNG.



Pointers and arrays

» A difference between a pointer and an array is that a pointer variable can take different
addresses as value whereas, in case of array it is fixed.

#include <stdio.h>
int main(){
char c[4];
int i;
for(i=0;i<4;++1){
printf("Address of c[%d]=%x\n",i,&c[i]);
}

return 9;

} sh—-4_.35 main
Address of c[0]=83447eb0

Address of c[l]=83447ebl
Address of c[Z2]=83447eb?Z2
Address of c[3]=83447=b3




Pointers and arrays

arr

* int arr[4]; arr[0] arr[1] arr[3] arr[4]

—h

Figure: Array as Pointer

* The name of the array always points to the first element of an array.

* Here, address of first element of an array is &arr[0]. Also, arr
represents the address of the pointer where it is pointing. Hence,
&arr[0] is equivalent to arr.

e Also, value in address &arr[0] is arr[0] and value in address arr is *arr.
Hence, arr[0] is equivalent to *arr.



Pointers and arrays

So,

&a[1] is equivalent to (a+1) AND, a[1] is equivalent to *(a+1).
&a[2] is equivalent to (a+2) AND, a[2] is equivalent to *(a+2).
&al[3] is equivalent to (a+1) AND, a[3] is equivalent to *(a+3).

&ali] is equivalent to (a+i) AND, ali] is equivalent to *(a+i).



Arrays and pointers

#include <stdio.h>
int main(){
int data[5], 1i;
printf("Enter elements: ");
for(i=0;i<5;i++){
scanf("%d",data + 1i);
}
printf("You entered: ");
for(i=0;i<5;i++){
printf("%d ",*(data+i));
}

return 0;

| Example



Call by reference | Call by value

Call by Value: If data is passed by value, the data is copied from the variable to a variable used by the function. So if the data passed is
modified inside the function, the value is only changed in the variable used inside the function.

void call by value(int x) {
printf("Inside call by value x

%d before adding 10.\n", x);
X += 10;
printf("Inside call by value x

%d after adding 10.\n", x);
}
int main() {

int a=10;

printf("a = %d before function call by value.\n", a);

call by value(a);

printf("a = %d after function call by value.\n", a);

return 9;



Call by reference | Call by value

Call by Reference: If data is passed by reference, a pointer to the data is copied instead of the actual variable as is done in a call by value.
Because a pointer is copied, if the value at that pointers address is changed in the function, the value is also changed in main().

void call by reference(int *y) {
printf("Inside call by reference y
(*y) += 10;
printf("Inside call by reference y

%d before adding 10.\n", *y);

%d after adding 10.\n", *y);
}
int main() {

int b=10;

printf("b = %d before function call by reference.\n", b);

call by reference(&b);

printf("b = %d after function call by reference.\n", b);

return 0;



Example

#include <stdio.h> void swap(int *a, int *Db) {

void swap(int*, int¥); int temp;
14

int main () {

temp = *b;

int x, vy,

. *H = *a;
printf ("Enter the value of x and y\n");

* = .
scanf ("%d%d", &x, &y) ; a temp;

printf ("Before Swapping\nx = %$d\ny = }
sd\n", x, y);

swap (&x, &y);

printf ("After Swapping\nx = $d\ny =
sd\n', x, y);

return ;



Structs | Aopéc

MoAAEG DOPECG XPELALOUAOTE OUVOETEG OVIOTNTEG OL OTIOLEG UITOPOUV VOl
kaBoploBouv arno eva cuVolo Sedopevwy pe SLadOPETLKO TUTIO. O UITOPOUCAUE
Va OLOGOTIOL|COUE QUTA T SESOHEVA KAl VOL OVOLPEPOUOOTE OE QUTA HE KATIOLO

KOLVO OVOLQL.

2t ¢, Ta structs ival aut akpBwg n opadornotnon, SnAadn pia culloyr
ueraB)\ntwv SLadpOopETIKWY TUTIWV KATW aro To Lo ovopa.

struct structure_name {
data_type memberl;
data_type member2;

aata_type memeber;
I
To péAn/media tng dSopng pmopei va eivat onoladnnote HetaBAnT amo Toug yvwoTtoUg TUToUG TtTng
c, Tlivalkeg, deiktecg akopa Kol aAAEC SOUEG.



Structs | Aopéc

[1a nmopdadeiypa, av OEAOUUE va AVOITOPOAOTHOOUME TNV
nAnpodopia yia €va tpayoudi (my tTitAoc tpayoudilou,
KOAALTEXVNG, XpovoAoyia), Oa pnoépoucauE va
dnUiloupynoouue pia odopn wc €E&Nc:

struct song {
char title[100];
char singer[50];
int year;



Structs | Aopéc

O oplopog evog struct eivat n dnupioupyia evog user-defined tonoy, aAAd 6 SeopedeTaL HVALLN VIO AUTOV
adoU dev €xoupe SNULOUPYNOEL KATola pLetaBAnTA.
struct person{

char name[20] ;
int cit no;
float salary;

To person gival €vac kawvoupylog TUTtoc Sedopévwy.

};

Mznopo[ozuée]va TO XPNOLMOTIOLNCOUKE yia TN dnAwaon pHetafAntwy autou tou tumou iy: struct person pl,
pz, P 5

H 6tadopeTika: struct person
{
char name[50] ;
int cit no;
float salary;
}pl ,p2 ,pl[2U];

Kal pe toug 600 tpomouc ta pl, p2 kot o mtivakag p 20 otolyelwy, eival Ttumou struct person.



Structs | Aopéc

struct point {
double x;
doubley;
}
struct rectangle {
struct point p1;
struct point p2;
}
Int main (){
struct point my_point = {22.4, -38.9};
struct rectangle my_rect;

my_rect.pl.x = 15.3;

ESw opiloupue to struct point yLa tnv
avVamapAoToon EVOG onUeiov oTo
eminedo Kal to struct rectangle yla

TNV avamapaoTacn VoG
napaAAnAoypa OV OTO ETtinedo pe
TLC TTAEUPEG TTOPAAANAEC OTOUC
afoveg



Accessing structures members

Yrtapyouv dVo 0N operators ylo tTnv mpooPfacn Twv HeEAwWV pot SOuNC:

e Member operator(.)
e Structure pointer operator(->)

Mriopoupe va €xoupe npocPacn ota rtedia tng dounc we e€Nc:

structure variable name.member_name

* [l mapadetypa x1.DataStructuresGrade = 5;



Structs | Examples

Eotw OTt1 6EAw va dnuioupynow kamoila Odoun n omola
armoOnkKeve1l to AM KAl TOV HECO OPO €VOC do1TNTN.

Moila Ba €ivail n dounp mov Ba AvAMAPAOTHOEL QUTOV TOV
po1TNnTN;



Structs | Examples

am 3600

#include <stdio.h> student
average 9.5

#include <stdlib.h>

struct s {
int am;

float average;

s

int main (void){
struct s student;
student.am = 3600;
student.average = 9.5;
printf ("A.M.:%d -- M.0.: %f", student.am, student.average);

return 0;



Structs | Examples

#include <stdio.h>
#include <stdlib.h>
struct s {

int am; ///////W

float average;
¥
int main (void){
struct s student;
student.am = 3600;
student.average = 9.5;
printf ("A.M.:%d -- M.0.: %f"

return 9;

TL Ba TUMTWOEL TO:

printf ("%d", sizeof(student));

3600

am
student
average 9.5

, student.am, student.average);

1024
1028



Structs | Examples

struct s {
int am;

float average;

}s

int main (void){
int x;
int A[4];

struct s student;

struct s Students[4];

X = 10;

A[@] = 20;
A[1] = 30;
A[2] = 10*x;

student.am = 255;
student.average = 8.7;
Students[@].am = 400;
Students[@].average = 9.5;

Students[1].am

410;

Students[2].am

420;

1024

1032
1036

1044

1074
1078

1084
1088

1112

10

20

30

100

255

8.7

400

9.5

410

420

am
average

am
average

am
average

am
average
am

average

student

Students



Structs and pointers

Onwc opilovpe petaPAntec pe tUmo Karmoto SO £TOL UTOPOULE VOl
oploou e Kat OelkteC o€ SOUEC:

struct song rock_song;

struct song *my_fav_song, *my_least _fav_song;
my_fav_song = & rock_song;

my_least fav_song = malloc (size(struct song));

‘Exovtac opioel eva deiktn o€ Soun pmopou e va avadepBoUpe oe
OUYKEKPLULEVO HEAOC : (*my fav_song).title



#include <stdio.h>

struct x{
int a;
} float b; p { a 500 1024
; b 3.4 1028
int main(void){
struct x p;
struct x EE)tr‘ P 2 1
ptr=&p;
ptr->a = 500;
ptr->b = 3.4;
printf("Displaying data: a: %d --- b: %f “, ptr->a, ptr->b);
return 0;
} H mapévBeon ival anapaitntn AOyw tng

XOLUNAN G TtpoTEPALOTNTAC TOU *
»To (*ptr).a elval (6o pe ptr->a kot to (*ptr).b eivat idto pe ptr->b



Structs

Ta ue?\r] evoq struct pmopet va elvat onwce eimape onolodATOTE TUTIOU, aKOpA Kol SELKTEC o€ SOUEC
Tou L6Lou tuTtoUu.

>uvNBwe TETOLEG SOUEG (TTou ‘avadepovTal 0TOV EQUTO TOUG ) AUTO- avacgopu«sq SoEQ)
XPNOLHOTIOLOUVTAL YLOL VOL OPYAVWOOUHE Sdopeva Kat SLEUKOAUVOUV TV Glaxeiplon Kot
eneEepyaoia Touc.

>UVNOLOUEVEG TETOLEC OPYAVWOELG SESOHEVWY Elval oL ouvdedepeveg AoTeg Kat T duadikda Sevipa
nou Oa deite oto pabnua.

Eva tapadelypa pog tetotag Sopung siva:
struct listnode{

int value;

struct listnode * next;



Auvouilkn d€opeUon UVAUNG

Malloc

* H ouvaptnon malloc naipvel wg 6popa to pEyeBog TG pvrpng rou Ba
deopeuBel. ZuvnBwc xpnolpomolov e tn sizeof, m.y. sizeof mtrf

* Eruotpedel evav Seiktn otV apxr NG 6£0ueuuevnq uvr]ur]ﬁ (R null av n
malloc 6€ pnopet va 6eopevoetl Tn pvnun mou tne (ntrdnke! Mpocoxn: Oa
TIPETIEL VOL EAEYXETE AV 1N UVAHN TIOU 0OG ETUOTPAPNKE Elvall 6Lacbopn TOoU
Null tpwv Ttnv xpnotpomnotnoete!)

* 0 OELKTNG AUTOG €ival TUTIOU void KaL TIPETIEL VAL LETATPATIEL OTOV
KatdAAnAo turno (casting)

e JUvtaén:
ptr=(cast-type*)malloc(byte-size)
Mx. ptr=(int*)malloc(100*sizeof(int));



Malloc |example

int num , * ptr;

Etr = malloc (num * sizeof(int));
if (ptr == NULL){

printf (“Cannot allocate memory\n”);
return -1;

/*Use ptr*/



Auvoulkn O0E€0UELON UVAUNCG

int main (void)

{

int *px; main
struct s *pstudent;

px = (int *) malloc (sizeof(int));

pstudent = (struct s *) malloc(sizeof(struct s));
*px = 15;

pstudent -> am = 400;

pstudent -> average = 9.5;

pX
pstudent

15

512

U

512

1024

2048

400

_

2048

9.5




Free

* H free xpnolpomnoteital yia tnv emtotpodn TnNS LVAUNG IOV EXEL
deopevBel pe tTn xpnotn tng ouvaptnong malloc

* H ouvaptnon autn malpvelL wg OPLOUA VAV SELKTN O0TN UV TTOU
emlBupol e va anodeopevoovpe (o delktng AvToc eival LOLOC e ToV
delktn movu enotpadnke amno tn malloc)

free(ptr);



Free

AmnodeopeleTal autn

void main (void){ H uvAun 15 512
int *px;
struct s *pstudent; p
pX 512 [ | 1024
px = (int *) malloc (sizeof(int)); ostudent 2048 _
pstudent = (struct s *) malloc(sizeof(struct s));
*px = 15; 400 2048
AnodeopeleTal autn 95
pstudent -> am = 400; H pvApn i
pstudent -> average = 9.5;

free (px);
free (pstudent);
px=NULL;
pstudent=NULL;



Free

void main (void){ 512

int *px;

struct s *pstudent;

PX null 1024
px = (int *) malloc (sizeof(int)); ostudent 2048 _
pstudent = (struct s *) malloc(sizeof(struct s));

*px = 15; 2048

pstudent -> am = 400;

pstudent -> average = 9.5;
free (px);
free (pstudent);
px=NULL;
pstudent=NULL;



Napadelyua HE XpNON MLVAKWY KAl OOMWV

* Eotw OtL n ypappateio tou csd Belet va dlatnpriost dtadopa oToLyeia yia
ToUG Poltnteg. Zuykekplueva Belel va amobnkevoel tov aplOpo untpwou
KOlL TOV LLECO OpPO éaeuo oylac.

* [la TNV artoBNKEVON AUTWVY TWV OTOLXELWV KABE POoLTNT) XPNOLUOTIOLELTOL 1
€§nG doun:
struct student{
int am;

float average;
;
* Ta otoweia Twv dpottnTtwy dtatnpouvtal otov rniivaka CSD.

. {Cs) r}t\ivgtgaq StudentArray ival €voc niivokac amo douec struct student,
nAaon:

struct student StudentArray[MAX_STUDENTS]



Napadelyua HE XpNON MLVAKWY KAl OOMWV

e @€Aoupe va ONULOUPYNOOULE Eva cUuoTnUa OLATAPNONG AUTWV TWV
dedopevwy, to omolo Ba untootnpilel TNC €€NC AELToupyLec:

* ELoaywyn veou pottntn (InsertNewStudent)
* Avalntnon otowelwv pouwtntn (SearchStudent)
* Evnuepwon peocov opou pottntn (UpdateStudentAverage)

Ertlong, To cuotnua Ba rmpemel va £xel KATAAANAO HEVOU yLa TNV
TPOCTIEAQLON TWV AELTOUPYLWV.



#include <stdio.h>
#define MAX_STUDENTS 1000
struct student { maln . C
int am;
float average;
¥
struct student StudentArray[MAX_STUDENTS]; //YmoB€toupe 6t1 ta media am kai average €ival aApX1KOMOlNHEVA MHE -1
int students_count = 9; // Metpntrg tou MAROOUG TwV KATAXWPNHUEVWV ¢GOo1TNTWV
void InsertNewStudent (float average);
void SearchStudent (int am);
void UpdateStudentAverage (int am, float average);
int main (void){
int choice = 0, am;
float average;
while (choice != 4) {
printf (“l. Eiocaywyri véou doitnti \n”);
printf (“2. Avalntnon otolxeiwv ¢oitntn \n”);
printf (“3. Evnuépwon otoilxeiwv ¢oitntn \n”);
printf (“4. EEobog \n”);

scanf (“%d”, &choice);



switch (choice) {

case 1 : printf (“Awoe tov péco 6po tou véEou doltntrh: );
scanf (“%d”, &average);
InsertNewStudent (average);
break;

case 2 : printf (“Awoe to A.M. tou dorTntnh: );
scanf (“%d”, &am);
SearchStudent(am);
break;

case 3 : printf (“Awoe to A.M. tou dorTntnh: );
scanf (“%d”, &am);
printf (“Awoe tov véo péco 6po tou doltnth”);
scanf (“%d”, &average);
UpdateStudentAverage (am, average);
break;

case 4 : printf (“E€odoc amd to mpoypaupa’);
break;

default : printf (“AdBog emiioyn”);
break;

}}} // End of main



E1ooywyn veou ¢oitntnh
void InsertNewStudent (float average){

StudentArray[ students count].am = students count;
StudentArray[ students count].average = average;

printf (“O véoc ¢poilTtnTAC YPAPTNKE EMLTUXWC OTO TUAMA HE
A.M. %d kol peco o6po %lf\n”, students count,
StudentArray[ students count].average);

students count ++;



Avadlntnon ¢o1l1tntn
void SearchStudent (int am){

if (CSD[am].am != -1)

printf (“O p€ooc 6poc tou doitnti He A.M. :%d
gilval: %1f\n”, am, StudentArray[am].average);

else

printf (“Aev undpxeil poitntnc pe A.M.:%d\n”, am);



Evnuepwon HEOOU Opou Po1TNTN

void UpdateStudentsAverage (int am, float average)

{
if (StudentArray[am].am != -1)

StudentArray[am].average = average;

printf (“O péooc o6poc tou doitntn ME A.M.:%d
glvait: %1f\n”, CSD[am].am, CSD[am].average);



Mapadeilypa pe OEIKTEC OE OOMUEC

* 2TO MPONYOULLEVO TIAPADELYUO XpNOLOTIONCAME TN doun:
struct s StudentArray[MAX_STUDENTS]

e Eav n doun struct student mepLexel ToOAAA oTOLXELD, TOTE OTIATAAATE
QLOKOTIOL LEYAAO HEPOC TNG LvAUNG ite otov StudentArray
amoBnkevetal evac pottntnc site MAX_STUDENTS doltntec

 Better: o mivakac StudentArray va replexet deiktec npoc SopEC struct
student



#define MAX_STUDENTS 1000
struct s {

e ans maln.cC

float average;
¥
int students_count = @; // Metpntig tou MARBOUCG TwWV KATAXWPNUEVWV dolTnTWV
void InsertNewStudent (float average, struct s ** StudentsArray);
void DeleteStudent (int am, struct s ** StudentsArray);
void SearchStudent (int am , struct s ** StudentsArray);
void UpdateStudentAverage (int am, float average , struct s ** StudentsArray);
int main (void){
int choice = 0, am;
float average;
struct s * StudentArray[MAX_STUDENTS];
while (choice != 5) {
printf (“l. Eiocaywyri véou doitnti \n”);
printf (“2. Avalntnon otolxeiwv ¢oitntn \n”);
printf (“3. Evnuépwon otoilxeiwv ¢oitntn \n”);
printf (“4. Ailaypadri ¢oitnthi \n”);
printf (“5. EEobdoc\n”);

scanf (“%d”, &choice);



switch (choice) {

case 1 : printf (“Awce tov péco Opo tou VéEou doitnth: );
scanf (“%d”, &average);
InsertNewStudent (average, CSD);
break;

case 2 : printf (“Awce to A.M. tou ¢oitntn: 7);
scanf (“%d”, &am);
SearchStudent(am, CSD);
break;

case 3 : printf (“Awoe to A.M. Tou ¢orTnTA: );
scanf (“%d”, &am);
printf (“Awoe tov véo pEcOo Opo Tou ¢poitnth”);
scanf (“%d”, &average);
UpdateStudentAverage (am, average, CSD);
break;

case 4 : printf (“Awce to A.M. Tou ¢orTnTA: );
scanf (“%d”, &am);
DeleteStudent(am, CSD);

case 4 : printf (“EEodog amd to mpoypapua™);
break;

default : printf (“AdBoc¢ emiAoyn”);

break;

VWY /7 CrnA AL maaTn



E1ooywyn veou ¢oitntnh

void InsertNewStudent (float average, struct **StudentsArray){

StudentsArray[students_count]=(struct s*) malloc (sizeof(struct s));
StudentsArray[students _count]->am = students_ count;
StudentsArray[students _count]->average = average;

printf (“O véoc ¢o1TNTAG YPAPTNKE EMLTUXWG OTO TUAUA pE A.M. %d\n”,
students count);

students _count ++;



Avadlntnon ¢o1l1tntn

void SearchStudent (int am, struct **StudentsArray)

{
if (StudentsArray[am] != null)

printf (“O p€ococ o6poc tou ¢oitntn pe A.M.:%d eivai: %f\n”,
am, StudentsArray[am]->average);

else

printf (“Aev umdpxel ¢oitntic pe A.M.:%d\n”, am);



Evnuepwon HEOOU Opou Po1TNTN

void UpdateStudentsAverage (int am, float average, struct
**StudentsArray)

{
if (StudentsArray[am] != null)

StudentsArray[am]->average = average;



Alaypoadn ¢oitntTn

void DeleteStudent (int am, struct **StudentsArray)

{
if (StudentsArray[am] != null)

free(StudentsArray[am]);
StudentsArray[am]) = null;



