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OMol oL teheotec yua pacelc pe bits

TeAeotg Nepwypadn

X &y AND bit-mtpog-bit

X |y OR bit-poc-bit

X "Ny XOR bit-npoc-bit

~ X Avtiotpodn twv bits evog aplBuoul

Binary Left Shift Operator. Aplotepr peTATOMION TWV

X << n . , . .
bits evog kata n BEoelg.
« 5> n Binary Right Shift Operator. AgLd petatonion Twv
bits evog katd n B€oeLc.
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Noapadeypa

int main() {
unsigned int a = 60; /* 60
unsigned int b = 13; /* 13

0011 1100 */
0000 1101 */

int c = 0; c =a &b; /* 12 = 0000 1100 */
printf("Line 1 - Value of c is %d\n", c );

c=al| b; /¥ 61 = 0011 1101 */
printf("Line 2 - Value of c is %d\n", c );

c =a”™b; /*¥ 49 = 0011 0001 */
printf("Line 3 - Value of c is %d\n", c );

c = ~a; /*-61 = 1100 0011 */
printf("Line 4 - Value of c is %d\n", c );

C =a << 2; /* 240 = 1111 0000 */ Line 1 - Value of c is 12
printf("Line 5 - Value of c is %d\n", c ); Line 2 - Value of c is 61
Line 3 - Value of c is 49
c =a > 2; /* 15 = 9000 1111 */ Line 4 - Value of c is -61
printf("Line 6 - Value of c is %d\n", c ); Line 5 - Value of c is 240
return 0; Line 6 - Value of c is 15
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AN rtapadeiypoata

s O 0oplBuoC 0..00100..0 (k undevika ota S tou 1) — molog ival;
» Elvat o 25 Nwc¢ tov dtayvw;
X = (1 << k);
s O aplBuoc 1..11011..1 (k povadec ota de€ld tou 0) — Mwc ToV PTLAXVW;
X = ~(1 << k); /* Avtiotpedw ta bits tou 0..00100..0 */
O aplbuoc 0..00111..1 (k povadec ) — nwc tov PpTiaxvw;
» [pokeLtoL yia tov aplBuo 0..00100..0 (k undevika ota de€ia tou 1) MEION 1
x = (1 << k) - 1; /* 2-to-k minus 1 */
s Alaipeon Sta / moAamAaoLlaopog emi 2™
X =X > n; y=Yy<<n; /* <1 elvat moA/pog ent 2 */

¥ Kave 1o 1° bit (oo de€La) loo pe 1:
X =x | 1; /* OR pE TO 0..801 */
% Kave to 1° bit (oo 6e€la) loo pe O:
X =X & (~1); /* AND pe to 1..110 */
% EAeyxoc av 0 aplBuoc eival ePLTTOC:
if (x & 1) /* TRUE av to 1° bit e€ivalr 1 (mepittocg) */
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Ki aAAa mapadelypata (€ LAoKESY)

s OL paokec eival aplBpol mou xpnotpomnotovvtal yla vor eEAYOUHE N
va B€oou e og KAmola TN ta bits evoc aAlou aplBpuou.

+** Molo elval To AlyOTEPO ONUAVTLKO bit evoc x?

y = X & 1; /* AND pe to 000..01 (pdoka) */
** To 1° byte gvoc akepaiou

y = X & 255; /* AND pe to 000.011111111 */

y = X & OxFF; /* 1ooduvapo */

% To 2° byte gvoc akepaiou

y = (x >> 8) & OxFF; /* oA1o6non 6&&1a 8 6£oelg */
** O€o¢ 10 6° bit ano dséia too pe 1:

X =X | 32; /* OR peE To 32 = 2° = 000..0100000 */
s Mnéévioe 1o 6° bit:

X = X & (~32); /* AND pe to 111.1011111 */
s Avteotpee To 6° bit:

X = X "N 32; /* XOR pe TO 000..0100000 */
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AnaplOunoetlc (enums)

s Qavrtaoteite O0tL OEAouE v 0plooUE TTIOANEC AKEPOLEC OTAOEPEC UE
OUVEXOUEVEC TIMEC. MwC To eTITUYXAVOUE auTO; Me oAl #define.

* Napadetypa: pio petaBAntn puAdet tnv nuEpa tne efdopadac:

#define MON
#define TUE
#define WED
#define THU
#define FRI
#define SAT
#define SUN

NOuhwNER

int main() {
int day = SUN;
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AntaplOunoelc (enum)

** H C mapexeL tic amaplBunoeLc (enum) ylto eukoAOTEPO
OpLOMO. MMPOKELTAL YIOL CUVOAO CUYKEKPLLLEVWV OKEPALWV
otaBepwv.

% BEATLWVEL TNV AVaYVWOLLOTNTO Kot SO TOU TPOYPAUMOATOC
LLLaC Kall paivetal oav va ival veoc tumnoc dedopevwy (dev
elval, elval akepaol)

¢ M To mponyoUEVO AP AOELY O

/* Oplopdg tou enum */
enum weekday { MON = 1, TUE, WED, THU, FRI, SAT, SUN };

int main() {
enum weekday day = WED; /* AAAwon petafAntnc */

if (day != SUN) day++;
‘_ Parallel Processing Group .
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Enum

s Av Sgv 0OpLOTEL TIUA VLA TO TIPWTO CTOLXELO TOU CUVOAOU TOTE
Bewpelital otL elvarto 0
s MmopouUpe va SWOOUNE OTL TLUEC BEAOUUE OTIC oTaBepéc. Av Sev
dwaooue, Tote ouveyxilouv amo tTnv teAevtaia +1 kabe popa.
» [.x. oto napakdtw, Ta third kat fourth eivat to 5 kal 6 avtiotowa:
enum ival { first=1, second = 4, third, fourth };

¢ Mrnopel va xpnolpomnotnBet kal pe typedes:

enum weekday { MON = 1, TUE, WED, THU, FRI, SAT, SUN };
typedef enum weekday weekday t;

int main() {
weekday t day = WED;

Parallel Processing Group
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Noapadelypota pe enum

*» Wevuto-boolean:

enum bool { FALSE, TRUE };
typedef enum bool boolean;
int main() {

boolean x;

X = TRUE;
}

*** Exouv dtadopa ta SUOo MoPAKATW?
A) enum weekday { MON = 1, TUE, WED, THU, FRI, SAT, SUN };
B) enum { MON = 1, TUE, WED, THU, FRI, SAT, SUN } weekday;

¢ NAI, to A) opilel pla veéa amapiBunon kot tne divel to ovoua
«weekday» evw to B) opilel pia petaBAntn «weekday» tumou
arapidunonc (onwce kat ta struct, £€toL kot o enum
ETUTPETIETAL VAL LNV EXOUV OVOouQ).

Parallel Processing Group

‘_ 10

| UNIVERSITY OF IOANNINA MYY502 -- MpoypapuaTioNog ZuoTNHATWY



[Ipoypappatiopocg oe C

MYY502



2UVOPTNOELC pE akaBoplLoto ANBoC MopaApETPWVY

** “Variadic”

** MN.x. n printf(). Nooa oplopata malpvel;

% 2tn C umopoUuUE VoL OPLOOUE CUVAPTACELC LE AYVWOTO
NMANB0o¢ MaPAUETPWV/OPLOUATWV.

» OuWwC TPEMEL vaL UTTAPYXEL ToUAALoTov 1 tapapetpoc (Sev yivetal va
LNV EXEL KOpiaL).

¢ Anatteital n xpnon tov #include <stdarg.h>
» MaAld xpnolpomnolovoape to <varargs.h> aA\d oxL tAgov

Parallel Processing Group
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Oplopog ouvvaptnong variadic

¢ Opillovtal Omwc OAEC Ol CUVOPTNOELG, OUWC EXOUUE SUO €L6N
TIOPOLLETPWV:
» MNpwta eivat ot YMOXPEQTIKEZ mapapetpol (touAdxiotov 1)

» 21n ouvexelo tomoBetouvtal ot MPOAIPETIKEZ (ayvwoto mAnBog),
arntAd Balovrag TPELG TEAELEC:

int sum(int n, ...) { /* TO n uMoxpewT1kO */
<KWO1KaC>

Parallel Processing Group
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KAnon ouvaptnonc variadic

*** AKPLBWC OTIWC Ol KAWVOVLKEC OUVOPTHOELC LE OOEC
TP ALETPOUC BEAou e (TOUAAXLOTOV OCEC KoL OL
UTTOXPEWTLKEC):

int sum(int n, ...) { /* TOo n umoxpewt1ikd */

<KWd1KOC>
}
int main()
X = sum(2, 3, 5); /* ABpoilos 2 apiBuoug */
y = sum(4, 1, 5, 7, 9); /* ABpoioe teooep1lg */
return 0;
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Megoa otn ouvaptnon;

¢ o va LITOPECOUE VAL BPOULE TLC LN-UTIOXPEWTLKEC
TIOPOLLETPOUC, TIPETEL VAL OPLOOULE pial peTtafAntn TUMoU
“va_list” Kol va TNV apXLKOTIOLOOUUE UE TNV KANON
va_start():

int sum(int n, ...) { /* TO n uUMOXpPEWT1KO */
va_list args;
int sum = ©;

/* Apxikomoinon Balovtac TO Ovopa TNG TeEAgvtaiag
UTTOXPEWT KNG TOpPAUETPOU */
va_start(args, n);

<Kwd1KaG>
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Mn UTTOXPEWTLKEC TTAPAUETPOL

** H mpooméAaon Twv MAPAUETPWY QUTWV YIVETAL N Hiot LETA TNV
AaAAn, ouvnBwc pEoa o€ eva loop. MNa va tapw TNV TIUA TNG
ETIOLLEVNC TETOLOC TIOPAUETPOU, XPNOLUOTIOLW TNV va_arg() omou
glval UTIOXPEWTLKO va ywwpilw Kkat va avaypdapw tov TYNO tnc!

* Mpwv TNV eriiotpodn, nmpemnet va_end().

int sum(int n, ...) { /* TO n umoxpewtikd */
va_list args;
int i, sum = 0, t;

va_start(args, n); /* Apxikomoinon */
for (1 =0; 1 < n; i++) {
t = va_arg(args, int);
sum += t;
}
va_end(args); /* TE€Mhog */
return (sum);

Parallel Processing Group
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2 NUELWOELG

** MpEmneL mavta pe KATOLo TPOTOo va yvwpilw to mAnBoc Twv
TIOPOLUETPWV OAALWC UTTOPEL VAL KKPOLOGAPELY TO TIPOYPOALLLLOL OV
XpNolpomotow tnv va_arg() Kat:

» OLTIAPAUETPOL EXOUV TEAELWOEL N
» H napgpetpoc dev eival Tou tumou mou Balape otnv va_arg()

¢ Ma auto ouvnBwce
> N MPpWTN MOPAUETPOC PpovTilel va kadopilel mooo eival o opiouata
N

» Balw oto TEAoC uia mMapAUETPO-«ONUASL» WOTE AV PTAOW EKEL VO
TEASlWOow.

Parallel Processing Group
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A€LKTEC O€ ocuvAPTNON

s H C emutpénel va €xoupe deikteg mou deixvouv og ouvaptroeic!
s AnAwvovtal w¢:
<tumo¢ emiotpodnc> (*ovopa) (KmapApeTPOL>);
¢ MMoU xpnoluevouyv; MNapadelypa: BEAw va kavw pia cuvaptnon update()
n ortola aAAAlel Ta oToLXElO EVOC TTivaKaL.
» Kamnoleg dpopec OEAw va tputhactalovtal oL TIHEC TWV OTOLXELWV.
» Kamnoleg dAecg dopec BEAW va avTLoTpEPOoVTAL OL TIUEC TWV OTOLXELWV.
» Kamoteg dAec dopeg BEAwW va aAlalouv mpoonpo
» KAt KATL

» Mpénel va kavw Sladopetikég ekdooels tng update() ol omoieg kavouv
akplBwc ta bl mpaypoata — StapEpouv HOVo otnv MPAEN TTOU KAVOUV O€
kKaBe otolxeio.

Parallel Processing Group
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MoAAa avtiypada tnc update()

void update triple(int n, float x[]) {
int i;
for (i = 0; 1 < n; i++)
x[1] = 3*x[i];

}
void update inverse(int n, float x[]) {
int 1i;
for (i = 0; 1 < n; i++)
x[1] = 1/x[1i];
}
void update revsign(int n, float x[]) {
int 1i;
for (i = 0; 1 < n; i++)
x[1] = -x[1];
}

s OAa ta avtiypada eival oAowdLa (ektoc amo tnv npaén oto
KaBe otolxeio Tou mivaka).

20
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EukoAla: eikTnC o€ cuvaptnon

/

% Kavw povo 1 gkdoon tnc¢ update() kot Balw wg emumA€ov OpLopa tn AELtoupyia ou
TIPETEL VAL Yivel ota otolxeia. OL Aeltoupyleg UAOTIOLOUVTOL HE EEXWPLOTEC CUVAPTAOELC:

float triple(float f) { return (3*f); }
float inverse(float f) { return (1/f); }
float revsign(float f) { return (-f); }

void update(int n, float x[], float (*operation)(float)) {
int 1i;
for (1 = 0; 1 < n; i++)
x[i] = (*operation)(x[i]); /* H 1oobuUvapa: operation(x[i]) */

int main()

{
float array[5] = { 1.5, 2.5, 3.5, 4.5, 5.5 };

float (*func)(float); /* MetopfAntiy func - O6giktng o€ ocuvaptnon */

func = triple; /* Agixvel otn ouvaptnon triple */
update(5, array, func);
func = inverse; /* Agixvel otn ouvdptnon inverse */

update(5, array, func);
update(5, array, revsign);
return 0;
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Etowun cuvaptnon oto stdlib.h

** Quicksort:

void gsort(void *start, int numelems, int size,
int (*compare)(void *, void *));

/

< Napddeypa KwdKa ylo taflvopnon akepaiwyv Katd avéovoa oelpa :

/* MNpenel va emiotpedpel (O6mwg n strcmp()):
@ av 100, < @ av a < b kat > © av a > b */
int cmp(void *a, void *b) {
int x = *((int *) a),
int y = *((int *) b);
return ( x-y );

}

int main(int argc, char *argv[]) {
int array[100];

gsort(array, 100, sizeof(int), cmp);

‘_ 22
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‘Evwon 6Awv twv Napaywyn Metatponn amno
#include oe éva apyeio OUMBOALKOU KwSLKa assembly og Suadiko Iu
& aviwkataotoon unxavng (assembly) KWKo NXaVAG libraries (stdc,
otaBepwv / macros (object file)

Atadikaoio/ANvoida petadpaonc (m.x. gec)

/

< Tiyivetal akplBwg otav petadpaletol Eva prog.c??

. N| prog.i \ N\ prog.s . \| Prog.o
processor

matbh, ...)

» OMAa ta evllapeoa apyeia pmopeite va ta deite pe: gcc --save-temps prog.c
» T va TpeEel PEXpL TOV preprocessor: gcc -E prog.c

» T va tpekel péxpl tov compiler: gcc -S prog.c

» T va tpetel péxpl tov assembler: gcc -c prog.c

24
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Preprocessor

«Metdel» OAa Ta oXOALQL.

2. Evwvel to mpoypappd pog poli e oAa ta apyeia mou
kavoupue #include oge ENA apyeio

3. Kavel avtikataotaon twv otoBepwv / macros (#define) mou
EXOULE OTO TIPOYPOLUUQAL LOC
To TeAKO armoteAeoa TonoBeteltal oto apxelo prog.i

5. To prog.i elval auto nov petadppalstol TeAka!

/

** NMapatnpnoelc:

» OuLotaBepéc avikadiotavral MPIN to compile — dpa 0 petadpaoTiC
dev TIc yvwplilel!

» O preprocessor €xel pia pivi-yAwooa 8ikr) Tou, n omola Umopet va
xpnotpornotnBel yia dtadopa mpoxwpnUEVA TEXVACUATA.

Parallel Processing Group
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ATIAOC preprocessor

/

s OpLopnog otaBepwyv — kat OxL povol!

#define N 0
#define MINUS1 4-5 /* AEN kdAvel umoAoyilopoug */
#define KEYBOARD stdin
#define then /* timote */
#define START {
#define END }
#define msg "Please enter a positive number\n"
#define str "hil\n"
#define longloop forpﬁn;f?.’.%; f,ni)lﬁ)\ AnotéAeoua preprocessor (.i)
int main() int main()
START {
int n = MINUS1, i; int n = 4-5, i;
fscanf(KEYBOARD, "%d", &n); fscanf(stdin, "%d", &n);
if (n < N) if (n < 9) {
then { {
printf(str); printf("hil\n");
printf(msg); printf("Please enter a positive number\n");
END }
else START else {
printf(str); printf("hil\n");
longloop; for (i = 0; 1 < n; i++) printf ("% ", i) ;
¥ }
return 0; return 0;
END }

Parallel Processing Group
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[MpoXwWPWVTAC ... MACros e MAPOUETPOUC

** Macro: nopapeTpomoLNpUeEVN EkPpaocn / avIkataotaon

#define inch2cm(i) i*2.54
#define Square(x) x*x
int main() {

int a, b;

float 1;

ArntoteAeopa preprocessor (.i)

int main() {
int a, b;

a = Square(4); :l?az*if
b = Square(a); 5 ) a*af

1 = inch2cm(2.0); 1 = 5.9%2 .54
- (] L] ,

}

s AEN EINAI ZYNAPTHZEIZ! H avtikataotaon ylvetal apeoa (pLv tn
puetadpaon).
s To «Oplopa» TNG LOKPOEVTOANG avilkadiotatol we EXEL
» AuTO dnuoupyet mpoPAnpata kat O€AeL tpoooxn!
‘_ Parallel Processing Group 27
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MopAUETPOL KOL TTOPEVOEODELC

¢ TL Ba ylvel TopaKATW;

#define Square(x) x*x AnoteAeopa preprocessor (.i)
int main() { int main() {

int a, b; int a, b;

a = Square(2+2); a = 2+42*2+2; /* 8 (6x1 16!) */
} }

+* MANTA NMPENEI NA BAZOYME NAPENOEZEIZ :TIZ
NMAPAMETPOYZ, ontou autec epdavi{ovtal oTov OpLOHO TOU
macro.

Parallel Processing Group
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MopAUETPOL KOL TTOPEVOEODELC

s TLOa ylvel mapakAatw;

#define Square(x) (x)*(x)

) AnotéAeopa preprocessor (.i)
#define Double(x) (x)+(x)

int main() { int main() {

int a, b; int a, b;
e : a = (2+2)*(2+2); /* Zwoto */
E _ 233::22?3)’ b = (-1)*(-1); /* Iwotd */
_ ’, a = (a+b)+(a+b) /* Twotd */
a = Double(a+b); b = 5*(ay+(a) Ty
b = 5*Double(a); T

¢ Otav npenel, BAZOYME NAPENOEZEIZ KAI 2E OAH THN EKDOPAZH

TOY MACRO
#define Double(x) ((x)+(x))

Parallel Processing Group
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MOoKPOEVTOAEC, CUVEXELQL...

s Me nepLoootEpA OplopoTa:

#define max(a,b) ( ((a) > (b)) ? (a) :

int min(int a, int b) {
return ( (a < b) ? a : b);

}

int main() {
int x =4, y =
X = max(x,y);
y = min(x,y);
return 0;

}

** Macro r} ouvaptnon?

(b) )

ArntotéAeopa preprocessor (.i)

int min(int a, int b) {
return ( (@ < b) ? a : b);
}

int main() {
int x =4, y = 5;
= ( ((x) > (y)) ? (x) : (y) );
y = min(x,y);
return 0;
}

» Edwn ouvaptncn elvat «xpovoBopa» kabwg usracbepovrat oplopata kot yivetaln
KAon TN Katd tn SLAPKELX EKTEAEDCNC TOU TIPOYPAUUATOC.

» TO GUYKEKPLLEVO MACro PETOPPATETOL GUECO KA O UTIOAOYLOLOG TOU Vivetal xwpig

KAjon o€ cuvaptnon.

» To macro 8ev yvwpilel Tumou¢ (kat KaAd Kat KaKo...)

‘ Parallel Processing Group
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** Katapynon piog otaBepadc / LakKpOoeVTOANC armo va onUeLo

KOl KATW.
#define PI 3.14 Anoté\eoua preprocessor (.i)
int main() { int main() {

double x, y; double x, y;

x = PI; X = 3.14;
#undef PI

y = PI; y = PI; /* Error: unknown

. identifier */
} .

}
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Conditional compilation

** NMoAAéc dopec ev yvwpilovpe av kamolec otabepec /
OUVOPTNOELC UTIAPXOUV 0TO cuoTtnua pac. M.x. to NULL eival
oplopevo kamou? To TRUE, to FALSE? Mpé&meL vat KAVOUUE
#include kamoto header yiwa va oploteti?

% Av TtAE Kal KAVOUPE povol pog .. ##define NULL 0, evw
NON UTTAPXEL KATIOU OPLOLLEVO, TOTE OTNV KAAUTEPN TtEPLTTWON
Ba «ykpviatel» o compiler yia re-definition.

¢ MmnopoU e va KAVOUUE KATL yLO AUTO;
¢ Anavtnon: conditional compilation

» MrnopoU e va eAEYXOUME av KATL £XeL 6N yivel #define kot va pnv
TO EOVOLKAVOUUE EUELC.

> #tifdef / #ifndef /#telse / #tendif

32
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Noapadetypata conditional compilation

#tifdef FALSE
/* Timote */
f#telse
#tdefine FALSE ©
#tendif

#ifndef TRUE
##tdefine TRUE 1

#endif

#ifdef _ unix_ /* AvdAoya pe to ovotnua */
#include <unistd.h>

#else

#ifdef WIN32
#include <windows.h>
#tendif
#tendif

Parallel Processing Group
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[evikOTEPN ouvTaéN

s Tevikn ouvtaén
#if <condition>

#elif <condition>
#telif <condition>
#telse

#tendif

s H ouvOnkn eivol anAn €kdpaon mou eunmAEkel otabepec ouv to defined().
Nopadeypa:
#if !defined(TRUE) /* Ioobuvapo pe to #ifndef */
#define TRUE 1

#tendif

Parallel Processing Group
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[evikOTEPN ouvTaéN

#if defined(NOTHING)
#define DEBUG_LEVEL ©

#elif defined(SIMPLE) && !defined(ADVANCED)
#define DEBUG_LEVEL 1

#elif defined(ADVANCED) || defined(Advanced)
#define DEBUG_LEVEL 2

#else
#define DEBUG_LEVEL ©

#endif

main() {

#if DEBUG_LEVEL==2
printf(“...
#endif
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Texvikn dlatnpnong TUNMOTOC KWOLKOL

+* O£AOUE TO MOPAKATW KOMUATL KWSLKA Vo TO « BAAOUHE» 0 oXOALa — SNA. Vo unv To
oBnooupe (yati Ba xpnolpomnotcoupe oto LEAAOV):

if (x > @) { /* test for positive */

}

else { /* negative */

}

s TMwg; Av amAa 1o Baloupe og oxohwa /* ... */, 0a mpokuel AaBog amo tn
HeTAdpOON ULOG KoL AON €XOUUE OXOALA LECO OTO TUNMO AUTO TOU KwdLKAL.

s «KAaown» Avon:

#if © /* Navta false => dev petadppaletar! */

if (x > @) { /* test for positive */

}

else { /* negative */

}
#tendif
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