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Ol &yjuluol) dlolsio pghhi Cliy

paAiwall daalg go 0l pagiallg panoll Jolss -

cll Glgal WAL
Make

walanig Q09 Joguy

. . . "9d'| - ” w o e e 8”' £ ||g|_d8ﬂ_|ij o
CMake

Olaioll aa2io cly pUA; -

aiyaall C gyuivo (16 plhhaiwll gulg -

C23 aolp Jol  E.A.l

#include

int main(void) {
puts("Hello, C23!");

return O;
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C23 gAg pladiwl doapll  O.Al

gcc —-std=c23 -Wall -Wextra -pedantic hello.c

clang -std=c23 -Wall -Wextra -pedantic hello.c

udidl LA

GDB

gcc —-g hello.c
gdb ./a.out

LLDB

clang -g hello.c
11db ./a.out

C23 pea oo @anl VAl

Olloell gi Olowl Jio sl 1a hl_q_o 639290 Gljpo pladiwb C23 pca o Ganil gy
1o @aniall aplwall

[[nodiscard]] int f(void) { return 1; }

int main(void) {

£0O;

.pedll jagi pajiodl GlagAiy 2545
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onaloll A

Wlgall pladiwl (né blailly Wlayniul 6989 @uaopl danll (ile dianll C23 diy Ky
ol Glpanil Jaedig dunlial Gloayioll Wil JUA g .l Judwil gi aalgl (o Uay
.4aunng .alleag algoao C 6paub &S uaopall oLay (lgall alwln paadg

daopl Lwlwig d2l dawlwil gl Jols gul el Jgadll Jaiiiw diwl alac] Jwisl &09
.C23 plariwl dhuAioll



C23 olwlwl :r Jndll

2olipl duig duwlwll deunll 1.0

.&oadioll olegagall gl Jill Jus bulw ol @aolp diug C &< délnl pAlgll paall e
a0l &IDI 3481 23g0) Widkn (ues 3l g &1 &2 9osi and ge C coan da
Apail go olidh wlh oilaal go Us)

daanll aéhnll p$as gl aclgally (€23 ool &gl polisll pwdll 138 pid)
.Gl ablag 6egpio 6paub Ul y1a§5 gl wlallanllg

C aolp &y LLF

63320 JoAa dhadi (po il lang .olayeily Glynil g0 Judus o C polp Q9siy
.main Al (nag QgHgy

#include
int main(void) {

puts("Hello, C23!");

return O;

EA
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13300 Wapé 2olpll 138 (18 paie JS (136

Gl plleall Glangs

Gaball quizoll C &8 o leja 225 U (1ag .doapl ex Jib bdll plleall olawags plles
.Gu=8lgll aoll 18 guwlwl pnic @ig)

Ao ulupnill Je loo ‘guuij wlo 1gino apj' #include -
#include
hﬂp gwg.: duni (Jilay JLIJ.LU #define *

#define PI 3.141592653589793

main aJlall

-20Upl) JoAal &hd main &llal ass

int main(void) {

return O;

main JAla aaidl ay -
Jasabuill &y (Ul glyyll Goud jpad +

Alawl G| Lauldis 0 playll doud puiss »

.ololl phw g0 Gloleo Judy U aolpll Qi ul oalj.a void Clloleoll &oild i



Olpueillg Glodsi
.ahgdio alnlay A thﬁijiiﬁ Oloweill -

int x = 10;

puts("C is explicit.");

.Olagdedl JAl @k adg logd cuuai Olsil -

int sum = x + 5;

i
a0l Bldlang QAIg ué dolul 2uigig drxopl il Gxigl) Cliweil padLLL

:aalgll paul lagdes -

il 6aasio oladeil -

aulwll aeunll aclgd .10

pe ol gl gl daqp clnAl (Ul (13§5 28 Bpueall wlahalla daisuh) doln C &éln
.LQLQD
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Wall aln auwlun
.all Al awlun C 4

int value;

int Value;

dhgaioll Jnlgall
.ahgdio alnlay dogles JS gais ol way

int x = 10;

int y = 20

olélailg Gulgall
gl olalaig & o)l Olowsil uaal gulgall padius

int main(void) {

}
clal olaluwoll
il glal 133 daao Wikl We pagiall gile 815¢0 pué clawl Glalwall
int a=10;

int b = 10;



or

Jolio C23 qolip Jol  W.I.0

#include

int main(void) {
puts(”Hello, c23!'");

return O;

udiillg oyl
:GCC plaaiwty -

gcc -std=c23 -Wall -Wextra -pedantic hello.c

./a.out

:Clang pladiwl -

clang -std=c23 -Wall -Wextra -pedantic hello.c

./a.out

d<iub clhAl  E.LM
dhgdioll Jolgdll gluus -
@ic pupaill Jud Olggeo pladiwl -
QGgliholl guggyl (uoni gl
oLao pe Olpeio (o 6chdl -

8483l elnallly Wieall e dgludl Gluwl g8 o sl 03a e
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aladl Ao lwjloall Jaal  O.Lr
dypn JIga 2ilas pladiwl -
Clpioll gwon dias -
dojlndl pajiall Glpaani Jaseads -

ol Jall gile agagl Juads -

int student_count;

int sc;

oaalall  LLC

Iaw @S9 .C aolp phu s colei .C23 &2l &rebnlly &guidl guwll Jnall 138 p3d
daghi spaub (Ul (1385 gl Glwjlaall log daanl delnll aa5 gl aclgall log Al
uile annll JUaiwll pjlll (el aagadl JXiiv Jr «cunnd daa05 cuuy guwll 0ia
bl Jutasg «glgill oA calisiwl gl Jsl likoy Sacléll 038 Awup gog .C poly

.80l (0 Mjay C23 (18 pfaill Gasig
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Glpgiollg Gl glgil .0

ddle olell go yasll WUA (ileg .C qolp JS) gulwll Glyially ol glgil JSiis
<bUﬂﬁHLghxfdyy5<bbgglgkpiaaadildt;ucaﬁgzp(JntﬂlélUIaignJ(ILﬁﬁuﬁ.Lngiuuﬂl
Laule ollosll A4 &ug aleuit (13l (uiall pang GE1Al (1a

6309 (§Uail wllag &uailg pupaill aclgég «£23 y1d bl Elgji o padll 138 Ay
-J292illg «posllg (pjaill

C23 18 ol glgil  Lr.0

Pl a9 G513 (16 P huhds &ausg doudll puds &as obll ggi 33y € 1d
usil @b ais) daac lyéen €23 (ia glgill

auulw Ul bkl glgsl

&2ll (0 Spblo 80ge o uulé lagd duulwll glgsll Jios

dannll glgill
ajgigl abla (ujAs 6aag yeni — char *
unsigned char .signed char -
unsigned short short *
unsigned int .dnt °
unsigned long Jdong

unsigned long long Jdong long *
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:Jio cwip olalle gody jheall g<) Sl (ile doieo glgill 03a) Guaall panl

sizeof (char) <= sizeof(short) <= sizeof(int) <= sizeof(long)

dojlell alnlall glgil
&l ada — float -
dagajo Ada — double -
d=1wgo &4y — long double -

o0 Lolill wglhho pé 138 oS0 opags sie IEEE-754 juso bale doilell alacll dglw gy
sl

(dhiall ggill
sxdbniall addnll pd Jioy — bool -

.<stdbool.h> cponri wllhiy a2y pJg «Gaoao 6jgano a0l bool emi C23 na

ddiriuall bl glgil

Guwlwll plgill (o Bl dauboll glgill (i

Glaganall

O o 69kaio Gl Glaganoll Jios

int values[5] = {1, 2, 3, 4, 5};
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Olpbgall
.J19aJl gl WK ¢pglic Glpbdall ¢jAs

int *p = &values[0];

E

gl
.2alg ggi caas dlylyio G JU.;“ &0

struct Point {
int x;
int y;

5

lalasUl
Al dalo guai a5l (paa=io clael Glakill powws

union Number {
int i;
double d;
I

glgill) gleiall clowll
.typedef plaAiwl glgilll §jleius clawi cbivh C powws

typedef unsigned long size_type;
size_type length;

il (1giog dxigyiall Gluns by Saa Lelgil jleiwoll clawll i I
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OWwllg Olpgiall .01

.29) GUnig porg oy (egi @ (pjds adhio (ils yUl C (1 pioll juiy

yp=illg aypnill

int counter;

double average;
-l Aaluwo wypill gandy oy (ggdlg puwll aypaill ,o;.oj

aiail

-yl adg ollsl dyai gSay

int count = 10;
double rate = 0.75;

char grade = 'A';

63330 pé loud aplalll cpjadl 630 Ola shaoll pe WK Jaas

drouuill aclgd
adaw danpb gl Wy Olayeoll iag -
aylaw olapbg plijig g yile (1giny A48
wWall JnJ dwlwn -

8jg220)l GlalS)l 20 (Aylei Ui iy -
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ollg (pjail 6309 gl guai  W.r.r
(gulali (pjas) alisil Guns

void func(void) {

int x = 42;

ALl 34855 clisl had oW angs
(USWw () dlall Glnj
int global_value = 100;

-2oUpdl 34415 6230 JIgh I angs

i) Aabld)l pacgq culgidl  E(C.I
const 4 alado wlisls

const int max_connections = 32;
.agreo JUA o P& Jaei 5oy U

gl plleall culgs

#define BUFFER_SIZE 1024

€93 3 S s Ug b Ulagiwl clagiSlall (as



o9

glgill wlago  O.1.1
Aulwll plgill pailas glgill GUa2o 3345
signed¢ unsigned -

short¢« long -*

unsigned int flags;

long double precision;

glgill ugns 0.0
auioA)l G lugail

a2l aclgd Gag Wilaly 3ais

int i = 10;
double d = i;
Ayl Glbgaill
Qo JSiiy Jugaill Ay
double x = 3.7;

int y = (int)x;

.And oeg )3 dAupnll olbgaill pladiwl sy



duloe aliol  V.C.M
auulall glgill

#include <stdio.h>

int main(void) {
int age = 30;
double salary = 72000.5;

bool active = true;

printf("%d %.2f %d\n", age, salary, active);

return O;

Olaganall

#include <stdio.h>

int main(void) {

1I1t a[5] = {1, 2, 3, 4; 5};

for (int i = 0; i < 5; ++i) {
printf("%d ", alil);
}

return O;
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walall AL

2209 &l g (le Winlleog Wijaiy Clwl Juios &16iS €23 (na glgilll plAj 33y
d&aan C poly &SI Luwlwi ol (Jaganl aclgdg «(uiail $309 (Olpiallg (Ul glgsl pad
.aleag

ag—a&nopl danllg clabllg &S13l hyhas (ke JUaiwll) gulwll =0l 03a J<iby
.&alaill da0pg (1giuall dAdALL daopll (14 lidass LalS &yoal alap Glegigo
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Olueillg Glloleall  P.M

;szJ U.C gmg .C aoIH gm Ausilall JUD' Glaalg pudll ol &aqus Olusillg Glloleoll aaaj
il 39189 « pndill aclgag oyl I 3goaw g Ualyl by J sl @ 320 Clsil
u=oll (14 ddp2oll

A5 guiog @S pad wlhi g jooyl Baa gile paidy U €23 (1a ololeall pad gl
@oUpl pe il phiis (kg «lloleall

Olueilg Gloleall  LR.C

(Ol gl ud gl () Gloleall (ke addholl Gldos)l 3335 Glloleall

Laayls gi (uila pi gl doud QD @) d=lil Glloleally lloleall gu gaai Glusil

:cllioy C (14 es JS
legs -
(void Ol clitiwl) doud

aloino awla Ul -

C23 6 wllolwall Glia ..M
dwlunll alloleall

.33l Olloleall il dulwall Gloleoll Glaj



W

Jlio utizoll | Jolzall
b+a &oall +
b-a QI -
b*a ol *
b/a doundll /

b% a | dyanll alacll) dowdll ndb | %

(haa

int a = 10, b = 3;
int q = a / b;

int r = a % b;
ajlall Glloleo
.(191 0) duAn duis 8"“9 pu6)l djjldall Gloleo (lai
Juo utiall | Joleall
b==23 L»ﬂgLu.u ==
b=!a LﬂgLu_U U =1
b>a o0yl >
b=>3 ol 9l y2nl =>
b<a oo pSl <
b=<a 19y g psi =<
if (x <y) {



E

adhiall Olloleall

Bl s lowds 3aiig bopiul &xdhiall lloleall 305

Jlo uti=all | Joleall
b && a afhiollg | &&
blla &dhnioll gl I
la Jidhiall (1aill !

if (ptr != NULL && *ptr > 0) {

Aliwl O lolzo

& ity WK Aliwll Glloleo Jass

Juo ytizoll | Joleoll
b=2 aliw) =
b=+3a aliw| of goa =+
b=-3 aliw| 25 apn =-
b=*a aliw| o opAd =*
b=/3a aliw| i dound =/
b=%a aliw] i 6l =%

int x = b5;

X += 2;
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bl olloleo

Aaanll alacll &38)l oligl go ol alloles Jolsis

Jlo ytieoll | Joleoll

b&a Qg &

w

bls abol | |
b"a U'Luu'u.nagl
a U-LUU-LQ_, ~
1>>3 J) aaljl >>

1<<a ol anll | <<

A

unsigned x = 5;

unsigned y = x << 1;

olnaillg 6abjl
int i = 10;
++3;

i++

.a0paa)l dopdll Galll JSidl s Ladw Ugl dogdll Gl J<uiul Jasy

bpidl Jolsoll

int max = (a > b) 7 a : b;

Jnaa anlg gpa pudy
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alidlg oyl Gyglgll  PLM
O loleall auglgl
Ui Olweill gioas &S &glgll aaa

int x =5 + 3 x 2;

ol

.819J9ll (gl aie ¢illoleoll groai &S nylgll 3an,

g_;LuJI

. oudil iy 335 U dugloll
:@y20 e Kol clliay Ul jusill

i = i++ + 1;

.ouun UaA yuon ey gile alaicllg oqu.n &l aclgd C23 aany

duloc aliol E.WM.M
gl Jldo (néhioll

int a = 5, b = 3;

printf("%d\n", a && b);
printf("%d\n", a & b);
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bopill pueil

int abs = (x < 0) ? -x : x;

Aol O.W.F

oWl cdlnig .C qwolp ¢1a labawig daijldog Ol olwa arqus Olsillg Gloleoll 33a5
g.:luJI aclgég «auwilall jUDIg Jnulilg (dugloll (Ul o.oLoI awai Gloleoll pad cgiagoall Im
Lag.oa Guiill ablag alleag aiol C23 6pauh &ts) lu.uLwI |j.0| Oleill annll pladiwll asz:

.aolAill daopg (giwall &Adsio daopl Oldluw y1a
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olalnlg bhgpidl : pfall Gaai  E.C

Unyung yn asail §a35 9e%) €23 rag .Glagdeil 344l Qi a%Aul G835 Cufly 3335
Oub Ug (@100 a2l cadg wlogad Ug «(uiad wbloa aagi U &l aagos oo l.u;.ng
.aulali ojlol

@059 dudhnioll padll pundsg Oluedl puds dd)ng deball pad pfaidl Gass glas] iy
.20obpdl Jala yaidl Jawl

ahpidl Ologdedl  1LE.M

mU oSy C J1a9 . i doud gile Ilascl abay i Ol uuo.;bj.wJI Olodil jJuAs
emmmm}mmmlg Lbam;.onJl prupmuwulenn}usv

if doulsi

2nn ol gile bpidl ) boaie clogles &liS if dogdes 341

if (condition) {

int age = 18;
if (age >= 18) {
printf("Eligible to vote\n");

Jnda 63alg dp0 bpidl pidy
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else 6juec
A ol ile if bbb p1d) baic dyliall else éjue A4

if (condition) {

/* true branch */
} else {

/* false branch */

int age = 16;
if (age >= 18) {
printf ("Adult\n");
} else {
printf ("Minor\n") ;

if else Aludw

adgig «Jawll (Ul gilell o bhgpidl pidsg .if else pladiwl gl bopub dac juial g<oy
2 Gilas Jol aie Aaiill

int score = 85;

if (score >= 90) {
printf ("Grade A\n");
} else if (score >= 80) {
printf ("Grade B\n");
} else if (score >= 70) {



printf ("Grade C\n");
} else {
printf("Fail\n");

switch doulsi
QN i dod (ile Ialo.u:l Aaiill g0 switch dogles jUAj

switch (expression) {
case
/* statements */
break;
default:
/* fallback */

int day = 3;

switch (day) {

case 1:
printf ("Monday\n") ;
break;

case 2:
printf ("Tuesday\n");
break;

case 3:
printf ("Wednesday\n") ;

break;
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default:
printf("Invalid day\n");

gl bgdull

ol pha aif) Jagndo gl 138 a9 &yl Al (] 344l poiwy break Whé Ja (14
&5 nl

switch (x) {
case 1:
case 2:
printf ("One or two\n");

break;

oldall r.e.r
GUD Olaln wusly 8515 C23 pags . bapill Gans ol jySio JSiin Olowss alig olélal Adis

&aliA Y,

for Gl
.l Sl Dl for GalA s

for (initialization; condition; iteration) {
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for (int i = 0; i < 5; ++i) {

printf("%d\n", 1i);

Laulai U aaln g Kol bbb @ian o) &L oluedl go (il w@aa gSoy

while adln
.6)93 JS Juf bl while &aln piAs

int i = 0;

while (i < 5) {
printf ("%d\n", 1i);

++i;

I

BB 385 016 Aladl 18 U byl ol 13]

do-while adln
.Jall gile 13alg 13,415 do-while &dln (pours

int i = 0;

do {
printf("%d\n", 1i);
++1;

} while (i < 5);

... I " . th.UJJl “’
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2591l Gaaj (16 dsilb cladl  P.E.M
.ol iad Lasla gulgall pladiwl way :aaleall else JI -
.2gndo pe bhadw Ul 13§y switch 1d break gl -
i U hgpd ge i :aulailll olala)l -

AnA)l Jlaial ayj5g dygpiall JLas :lhguidl (i auslall BLI -

Olwjlaall JAadl  E.E.M
.6aalg doyles 2o (uia Losla gulgsll paaiwl -
il UL o dlag dlaguy bouidl Jeal -
.alnaioll auall switch JAa -
a1l dalel gl paall gyl pladiwl Jaladl Jla -

.daln agndall bgdauwll Gig -

dadoc aliol 0.E.1
alAlaio g

int age = 20;

char gender = 'M';

if (age >= 18) {
if (gender == 'M') {
printf ("Adult male\n");
} else {
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printf("Adult female\n");

}
} else {
printf ("Minor\n") ;

daagano gile )<ul

int numbers[] = {10, 20, 30, 40, 50};

int sum = 0O;

for (int i = 0; i < 5; ++i) {

sum += numbers[i];

printf ("Sum = %d\n", sum);

while pladiwl Jhall o §aail

int value;

do {
printf ("Enter a positive number: ");
scanf ("%d", &value);

} while (value <= 0);
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waloll  EC

ol (955 (C23 (1ag .C olp na U1 Axdisg jddl A1 ddus pSail §aas sy aaas
&l ajgod o0 &g quiil) ALlag dypn C:Lﬁ.laJIg

—o.og.;g.og Qilbnl ablag Hegpdo e.olp &lis) Lu.uLl.uI IJ.O' P32l Gaai aanll pladiwll asu
Lm.uuo Lb}w Sl 03 lasl 39_19 .aalAilll Gaopg (1giwoll &Adiio daopll g1 Lng.na
&3l C (14 polpl duivg Al aalleog (Jlga)l aaal
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C23 (na QlAllg Jrall  o.r

JAaall po.n C23 (a9 g1yl allellg 2olpll gu Jolall 3al (1/0) alallg Juall JXiiy
Aolill aaop (16 d2ll j93a guse; loy and ge yigiall Addiog by 9gsy alAllg
41040 180 (pjds aclgd Ug (&ulali cillhgai Ug duiod Glaass aagi U
Ol Jios (1ag «(streams) olaaail pgaso gue C J18 guwbdll alallg JAall aoisy
.Ul of «olalall gi . p5ail 6309 Jio éjaal daupo Gl (o dwipo
gubdll alallg Jhall aiges  1.0.0
;b Lo &ugall 03 e .stdio.h &0 JUA o lulwl &yl ol go C polp Jelais
stderr .stdout «stdin :auwbdll olaaail .
fscanf (Fprintf .scanf printf @..IJJJ.OJ' aldllg JKaul Jiga -

fouts «fgets fwrite (fread @.n.mo]l me alallg Jrapl Jlga -

Al dllag &l of 8ehdll gAgog «uddall Al pay * FILE (il Gaar JS Jioy

printf pladily pf1ill 6309 ghal .0.0
(stdout) grwball ahAUI Gaas gl Eiuio QAL printf &la)l uss

printf ("format string", arguments);

Guuidl Glaaao
OULL Auan dac — %d -

OUb] Y9 Quan dac — %u -
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doile alnldy axe — %F -
W0 — %c

Jn oy Gaiio ol — %s -
Hbgo dayd — %p -

YIHLE Cuw aan 3ac — %X ¢

int age = 25;
float height = 5.9f;

printf("Age: ’d, Height: %.2f\n", age, height);

AhA Ggan Jh g1 alw doyé gi dugifall cglaall aae printf &lal TS

scanf pladiwl psail 6aag JAal P.0.0

.stdin oo W@iuio DAal scanf @lal s

scanf ("format string", &variable);

int age;

float height;

if (scanf("%d %f", &age, &height) == 2) {
printf("Age: Jd, Height: %.2f\n", age, height);
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doao wlanllo
6 S1AJl JpunAl scanf pgds U -
Wpeo pé dolw gl dananl pé Guuiil Jwll (13§5 -

ekl doud pnd ladla iy

olalally Jwludl gUl Guiall QlAY1 €.0.0
snprintf g sprintf
.3923al (nAa el 93 «glao dagano gl aAWI0 bl sprintf &Il ki

char buffer[64];
sprintf (buffer, "Value: %d", 42);

:snprintf plaaiwl Jaa, Lol pi spaniy

snprintf (buffer, sizeof(buffer), "Value: %d", 42);

forintf
.l Gaas gul @iwio KA Fprintf Al ks
FILE xfile = fopen("output.txt", "w");
if (file) {

fprintf(file, "Age: %d\n", 25);
fclose(file);
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olalall go alall Juall  0.0.r

.olaloly g Gldaas pe C (1a olaloll go alally Jhall o

@éllelg olaladl aid
FILE #file = fopen("filename", "mode");

:a=ilivl eldgDl Jouiu

Belyd — e -

(@uaul go) &S — "w’

gl — "a" -

aulis glargl — "wb" ro" -
:aalp olala)l Gllel ila way

fclose(file);

awnill laloll delyd

FILE xfile = fopen("input.txt", "r");

if (file) {
char buffer[128];
while (fgets(buffer, sizeof (buffer), file)) {
printf("%s", buffer);
}
fclose(file);



dunill olaloll HUS
FILE xfile = fopen("output.txt", "w");
if (file) {

fprintf(file, "Hello, C23!'\n");
fclose(file);

}
Julidl Qhallg Jhaaul 1.0.¢
di 9a el §S1AJl Jis &o gl alallg Jhall Jolei
int datal] = {1, 2, 3, 4, 5};

FILE *file = fopen("data.bin", "wb");
if (file) {
fwrite(data, sizeof(int), 5, file);
fclose(file);

aulis Ol bclyd

int datal5];

FILE *file = fopen("data.bin", "rb");
if (file) {
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fread(data, sizeof(int), 5, file);
fclose(file);

6lalaollg «(endianness) Gl cuip) gulwa gag &yjlaall ke il alallg Jrall aoiey
.gIgJDI olanig
alallg Jhall (1é clnAll dalleo  V.0.0

ne olly 9l «Ugal clnAl gl B3gago pé wlalo cuuy ahAUlg Jhall cllac il a8
.8alln

FILE *file = fopen("input.txt", "r");

if (1file) {

perror("Failed to open file");

return 1;
}
Juall olla @liasy gly Ul pud padiwl
calall &las WAl feof() padiwl -
Gaadl clnAl caliusl ferror() pariwl
gloe Juo A.0.0
#include

int main(void) {



AC

FILE xfile = fopen("example.txt", "w");
if (!file) return 1;

fprintf(file, "C23 I/0 example\n");
fclose(file);

file = fopen("example.txt", "r");
if (!'file) return 1;

char buffer[64];
fgets(buffer, sizeof (buffer), file);
printf ("%s", buffer);

fclose(file);

return O;

oaloll Q.00

la:gm stdio.h &uifo jagig u.olSJI pUAI U.o Lu;.og .bg.og .lmj.o C23 (na qlkallg dbaJJI asz:
Aulidlg dunidl olilllg @.I.I..U.OJ' Rneg @.I.IJ.LQJ' aldallg Jrall pexy olaaail gle laila I.U.o
QpnalﬂgcJuu£0I81>LLcunﬂg

wllag (gjlaall plaalg eyl oud) Gudall ol aIpJJIg JAall 2o auanll Joleil cllai
uu:uagxxa — Jail abldg .diolg quo(leohJadcﬁluuuul;uahnﬂlo;a(JUulasug Al
.giwall aAasio Glaopllg diorc)l dokilly dalailll daop



C23 18 Jlgall :* Jnall

AW



Ag

@gleaiwlg Jlgl cupei 1L

@ligSo (18 polpll Al A (nad .C & (nd Audiillg 3ypaill duwlwlll Glangl Jigal A%
.aobpll dalidall cliall gy dahlg Glanlg y2ig Spauiul pladiwl dalel o GLoig Audhhio
ule &oslall a2l daula guse loy and ge apng dauw 9o Jigall cuaan 23 (149
. p5aillg axalaill

&ans aping (23 (1é Wileaiwlg daic qypaillg (Jigall cdyyei &aus Jndll 138 yApsiuy
.JIga)l leleaiwl clisl 513Jlg glyll ardg (O lloleall Jelas

SC o Al na o LK

olasall go pSi ol han Jifiws 28 63370 &oao 34 dlowwo Spaub &l (1@ &l
.Aueaiwall éaall Ul 6aalg doud uei Adg (O Llolszall)
:gib Lo &Il Jios «dakaill daop jghhio ¢rog

cleaiwll abla épaub ddhio -
Q9:Hg 63320 cleaiwl daalg -
uwasoll plaiiwlg posllg «Glaill ala 13 -
Oleleaiwll guaso pladuwl dale 38k a2 3ai Guw cliv] gUl alla) cleaiwl J5 (13§,

.(call stack)

ala i CLW

@3ai59 (O loleallg QI ouwlg glayll ggi Al cAypi 320y



Ao

dolell aclnll

return_type function_name(parameter_list) {

return value;

Quecaiwall aanll yul éaleoll doudll ggi — return_type -
ala)l eleaiwl) paidinall dpeoll — function_name -
laclgil 2o alla)l gl )00l LAl — parameter_list -

Aail) abla)l Slowwil — function body -

dhaw dla o

int add(int a, int b) {

return a + b;

.loacgono mszjg N (paace Al odd diws

Ala cleaiw!l PP

L pwod cw hilwgll o dnild leguio Eowl &) @l cleiwl o

result = function_name(arguments);



AT

#include

int add(int a, int b) {

return a + b;

int main(void) {
int result = add(5, 10);
printf ("Sum: %d\n", result);

return O;

oo dauy Judiny Joleo JS i 1l -

void increment(int x) {

Jlo

:aIa)l eleaiwl clist
hilwgll aids -
Olloleall (Ul pudll j3a5 +
Al pr Ul Sl Jdiy

(@329 gl) eyl doud ew .

bilwgll ppaig Jlgal Gllolgo  E.LP

(pass-by-value) doudly ppoi)l GUUA le.ﬂQ C prAiuw
Jungll Goud

Aoudlb ppaill
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X++

int main(void) {
int a = 5;
increment (a) ;
printf ("%d\n", a);

return O;

AAawi gile Josi dlall gl gueDl piall pi) U

Olpbgall plaaiwl gapell ppail slSao

.e¢p3<JSIhgjlb§D pyoi oy Qucaiwoll dadll ol Jrasi

void increment(int *x) {

(kx) ++;

int main(void) {
int a = 5;
increment (&a) ;
printf ("%d\n", a);

return O;

cleaiwll géigo (18 Wipog tupa bl hasi oglwll 138 Jea
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eyl oy O.LW

.return dayes plaAiwl 6aalg dayd eyl Jlgall gsoy

doud eyl

int square(int x) {

return X * X;

int result = square(5);

.6+caiuuﬂldjnﬂlLfUlé:BuﬂléxquIé¢uﬁ

void ggi go Jigall

void glyll pgs doud asi U (il Jigall oAk

void greet(void) {
printf ("Hello, World!\n");

greet();

(Function Prototypes) JlgaJl qalos  .1.W

Jlgall pladiwl aie dygpd ailail awig @Al mads g9 Wimalg ge &l a3gai apay
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return_type function_name(parameter_list);

#include
int add(int a, int b);
int main(void) {

printf ("%d\n", add(5, 10));

return O;

int add(int a, int b) {

return a + b;

23goull aéln

Juo

;0 JIgall Qalos %o

hilwgll glgil o Ganil -
Auaidlg daalgll g Joall -

Glalall 63a=i0 qolpll puAls -

Jlga)l &S (1a olwyloadl Jaal V.

al e sy auang clowl plaiwl -



6aalg aJgguuo y1a ala JS pan -
aolsll Olpgioll pladiwl gile sl Ul ppos JuAds »
auniJl olaloll (né iladl ge apnil -

2959 clyl pudg Glloleoll Guigi *

duloe aliol ALK

ala gile Jbio

int factorial(int n) {
if (m <= 1) {
return 1;

3

return n * factorial(n - 1);

Olpugoll pladiwl bl Jhau

void swap(int *a, int *b) {
int temp = *a;
*aq = *b;

*b = temp;

int x = 10, y = 20;
swap (&x, &y);



ql

onaloll QLK

JUA (o9 .aaill §aai (1 pailg polpll clid 8,96 @ikl dlnyuy aJ1 C23 (na JIgall yags
oladiwl 6pblio &9y popoll uuisy iy OLlwl prasg daileaiwlg (JIgall wyyei &1dus pad
.2olipll &4irg ByS13)I gling «waall

da0p (18 logni ailall allég @leag @933 C 2ol &) buulwl Il Jigall glésl azig
.elall) awlwa)l olaopllg dioAcll dakhillg dalaill



ar

eyl oi8g9 Jlgall nslwg - 1.1

3335 (n@md .C polip &g JIgall w &uwlwll Jalgil &l gyl audg Jlgall hilwg cayss
a0l danllg clall (16 pblyo 13459 dajlacly il @Sl J4iig agAg) CULI G437 393
1 pudll glaylg hilwgll pyos &iaud) aolaill daop @agog (s yd wall 138 p3d
suanill bloslg «Olubdall pladiwl bl Jalig doudly proil oL T cla (1a loy «£23

badeo il glayl dsiliul

Jligal hilwg 1MW

&yeaioll aaall o Uyl Jidiws élawo pud (1 (s Lloleoll Loy (iouwig) Jlgal kaslwg
And ge dAypng daw gsil hilwgll pros aclgd umjo C (a

aoudll ppoil GUUA

&Il Joleo (Ul hpwg JS doyd s @la cleaiwl sic .&oydll ppoidl Gpan C padiws

void increment(int x) {
X++:

I

printf("Inside function: %d\n", x);

int main(void) {
int a = 5;
increment(a);
printf ("Outside function: %d\n", a);

return O;



ay

dadro dAus ga x Jololl -+
drcriwoll aanll e e U olbail ¢
C &) aigos dhwlgy ggoio dolwll 13a -

LGuiil) aLla Jlgall Oleleaiwl Jeg &uadll duwlall DI pwonill 138 &y

clubgall pladiwl hilwgll ppas

void increment(int *x) {

(*x) ++;

int main(void) {
int a = 5;
increment (&a) ;
printf ("%d\n", a);
return O;

I

2890 16 Wipog Lypn Jasill Jeo lao dyeaiuall daal d$glao 8513 (ke &lal Joss lia
cleanwll

Jlga)l gl wlaganall pyas

Jol sl Ipug.o Al Qb L ailwgs @ppos aie Glpbgo Ul olaganall Jhai C g1a
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void print_array(const int arr[], int size) {
for (dint 1 = 0; i < size; i++) {
printf("%d ", arr([il);
}
printf("\n");

int main(void) {
int numbers[] = {1, 2, 3, 4, 53};
print_array(numbers, 5);

return O;

.agndall pe haill giong &l ge ey const pladiwl

eyl pyi .

Qudlail pladiwl dreaiwoll danll gl Goudll 038 duuis 5 G4 63alg doud eyl dial Sy
.aniolb anlil (calling convention) cleaiwll

6anlg doud gly)l

int square(int x) {

return x * X;

int result = square(5);

Byl cloawl Ug @alo cug @&yale pié (na éaleoll padll
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void ggi go Jigall

void gyl pgs dauii i U gl Jlgall padiws

void greet(void) {
printf ("Hello, World!\n");

oo hlail b 6ae glyyl PP

8wl Unlail ggaopall padiug «l3 o Usy .dublo aué éac gyl C peas U

aw eyl

struct Point {
int x;
int y;

5

struct Point make_point(int x, int y) {

struct Point p = { x, y };

return p;

struct Point p = make_point(10, 20);

.Aule 6clasy dpenll (il gyl &banll ABI wlanlg gl
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Olpbgall pladiwl alAl olloleo

void get_min_max(const int arr[], int size, int *min, int *max) {
*min = *max = arr[0];
for (int i = 1; i < size; i++) {
if (arr[i] < *min) *min = arr[i];

if (arr[i] > #*max) *max = arrl[i];

int min, max;

get_min_max(numbers, 5, &min, &max);

API olaalgg dakilll wlifo (16 gwly Glas gile howl 13@ padiuy

eyl pudg Jigall ailwg) clwylaodl Jaal  E.0P
GlA Jpass qile pydll glayl Jadds -
Jaeill Gl aiec had Olpudall pladiwl -
const 3 Jyasill ablall pé Clloleall aylss -
dole)l Il e 1aAl alaic Ul cuni -

Q9Hgy el Cledgig &xSlall Gugi

digal o.r.»W

dub e dfio Ja Buwai Al s gieaius wglwi ga (recursion) Ul eleaiwll
Goluy dpblo Uausog byps Ul cleaiwll G9s € (1d . jenl Gliio (Ul Wouuds
.gwasoll



qv

ala)l iy

return_type function(parameters) {

int

int

if (base_case) {

return value;

3

return function(smaller_problem) ;

il elail (base case) (adgs Ala &la JS (.0}9_; ol Ly

w9l t o

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

}

return n * factorial(n - 1);

.32 Juaso | cleaiwl JS claiuy

guisligua :Jlio

fibonacci(int n) {
if (m <= 1) {
return n;

}

return fibonacci(n - 1) + fibonacci(n - 2);

LOleleaiw D S5 cu Jled pé aif) Jaw Aaidll 13a
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Jula)l eleaiwll agang Lo .M.P
LliaJI
Jalg pundill olie ge (e s -
Ul JSbal anlg Juas -
gLodlaoll agAgl Guuas
3gaall
Gosll 2o guaall dlaiwl abajl -
guasoll jolas phad -

KL &jlao (ulel elal aals -

apall gulall cleawll V.0

Al (16 dylae AT cleaiwll 9g<) Loaie ayh uild cleaiwl ld @l 9g<s

int factorial_tr(int n, int acc) {
if (n <= 1) {
return acc;

}

return factorial tr(n - 1, n * acc);

D3 gaAs U C gl daoil 138 Glaagoll Ay Gl Ad
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waaloll AP

paa JUA gog .C23 (1a (1g9angll aranill (yaall agasll gl Ul pubg Jlgall nilwg JSuiu
olaslg proni gSoy dokioll glayll blosig (olpbgall pladiul Gl Jabig dosdly ppaill
&bl abldg (@leag danlg

Jol§ eg adnihi aay oX) «@afny aoladiwl aic &1alA] dymei 698 guilall cleaiwll yagy
asly aalinll daopl Lwlwi aualaol 03a Gl asug .clall olaliog (uakall ¢laiwl
9wl aAasio Glaopllg dbioro)l dokilly dalaill daop gmﬁogm C



8,513J1 )lalg Olpbdgall € Jnall

Olpudall pad  ILE

BS13 Ul ublo Ugng puii 1aa .C daowl &2l dagall clowdl (1aal olpball a5
«udi adgll a9 . pUAUl 3)lgog «clablg (ol huhAj g8 Guball pfailly Qowy loo
Jalal aclgag (W jlocl gile yopoll Cubiss @il oudeil o s had olubgall Jass
.(undefined behavior) W20 pé Gglwg ,(aliasing)

230 @85 (e 550 €23 Juzo @2 WS Glpbdall Bang (A6 bub awdll 138 i,
il aligll gile 3405 818,59 C a=l &0l &I (1a 8513

Subgallgalo  LILE

&la gf AT 6l Ylgic aioud Jias (s ga pbgall
8048l aud 3205 légo jAy Jr lawai daydll gjay U pbdall :cla oo pallg

g egi @ (pjas ddhio (oulsl -
B el aany (Al gl gdgall (glgisll
olgisl U3 (Ul piv ggi I3 dayd :pbgall -



Juiroll 813N puas &S aaay ol 13ag ] puiy (13l W gy pbéo JS b € (14
&l

Olpbgoll dhaig gy M.LE
jbgell gy 2o

type *pointer_name;
.£0ull Gy apaally aoaill Ay

int *p;

int* q;

Olgic plaaiwl duail
NULL vl &l @igss of allo glgisy Olubdoll dhas ooy

int x = 10;
int *ptr = &x;

cled it o Gl glgic & Jolsll gap

(Dereferencing) éjuull cla  P.LE
bgoll aul iy (13l P8I gl Joongll ubll cld auiy

*ptr



int

int

x = 10;
*ptr = &x;

printf ("%d\n", *ptr);

ptr
ptr

int

int

p++;

arr[] = {10, 20, 30};

*p = arr;

13 haa Bl subll cla ool
£16 pe pbgall oS -
b ayl ol I OIS -
ann JSiiy bilo pbgall gl -

Q20 pé dolw (Ul (1385 bgpidl 0da o il dallho

Olbgoll olwa  E.LE

.Olaganall 3gan Jala had olpbgall olwa Wi

LOWWI ey gulg paliell aaey aaljil vjp

:00d had olpbdoll oluay aouy
lwa; daganall plic *

(0l SUbUI cla joay Ug) paie JAL Spiblo I paisll -



VoY

olaganallg Olpbdoll  O.1.E
a4 paic Joi Ul iy pbdo Ul daganall awl Jgai guledl pheo (14

int arr[5];

int *p = arr;
el gog
Olpbdo cuud olaganoll -

sizeof(p) ¢rc aliry sizeof(arr) °

sizeof (arr);

sizeof (p);

Olpbgo gul Olubdall  LE
Wyl iy GlilS s olubsall ggss of ooy

int x = 10;
int *p = &x;
int **pp = &p;

printf ("%d\n", **pp);
116 bhoull 138 guiy
Kol Jaunall olaalg -
Olbgiwall daa=io Glbdl JSua -

aldll vloleo -



AR

dadleall Glubgollg (WK jac  V.LE

L Jlj Lo eyl iy (13l Gl i lolls héd Blls pbaall 9gs;

int *p;

{
int x = 5;
P = &x;

}

*p = 10;

.adlhj a9y x pac (nail

Olpbdallg &iolyall 65130l ALLE
oUpl J1d 0 QQ'}.D @)laci y1o pSa.u Ol ol pawnAill g
int *p = malloc(sizeof *p);

Qo pe pbgoll puny free cleaiwl asy

free(p);
p = NULL;
a2l Olpbdall ciaAal - QL€
6Lao pé Clpbgo
int *p;

*p = 10;



int *p = malloc(sizeof *p);
free(p);
*p = 53
6513l Lpus

void leak(void) {

int *p = malloc(sizeof *p);

Olpugall &0 Al aanl - I-.L.E

const int *p;
int *const q;

const int *const r;

.agndall pé haill giong &l §igy const pladiwl

Glpbdall pladiwl Glwjlaall JAaal  IILLE
oo Cilubdall aias -
NULL (U] 6j3a0)l Olpbdoll Gusi -
oW ocel plpal -
oldganoll gih Olpbdoll Clua ini -

5ol lals const plaAiwl *



(aliasing) JAladl Julds -

duloc aliol IC.1E

28Il s

void swap(int *a, int *b) {
int tmp = *a;
*a = xb;

*b = tmp;

Olpudoll pladiwl ddagano juial
int arr[] = {1, 2, 3, 4};

printf ("%d\n", *p);

gAalall  IM.LE

Jocly 513l @iss (nad . guwlwll Bades janog C ) 68 gulwl Olpbdall JLiis
el guy e laad olpball glast qlinig . gopal) pblo JSiiy Jalsl aclgag WS
.C a2l &yl DI aclgd) (J) Jnda

Guiil) Jldg J=b (ngiwall (AdAo p5735 (o Glpbdall oXas 839 bluAil Woladiwl aicg
bl okl ph<o aalas Ug



YoV

Olubgall yile llagllg Gblwall  [.€

Jala Jaib ¢gpaopod) aouw 3l C &Ll djondl Olowdl (1aa] Olpbdoll e olwall asu
jwiall gulwll pgadall 1aa JXiing 63330 glgil GIA Glpbdo pladiwl dlle 6clas) 851l
gla «li gog .1giwall d&Adadio Gl dadlleog Qunill d.UJJ.LLLL” dalleog «wlaganoll
Loaa £gug I;.uo.: a<ll clpl usi T Ln.:l asv Olpndoll gie oluall

Agouuall Sllall la.ng.o (23 ju2o adye) Lo Lolos Olpbdoll gile Qlwall pwdll 138 pad)
.ol pé colul lad jakh, yul gAlgallg eapioll Buiy gl olaliallg \ay

Olpbdoll ile olwal aulwDl 6acld)l  LILE

.olaganal duuilly has C (16 olubgall (ile Glwall @ysy
10l guigild JSuiy pbgoll ySoy

dagano Jals paic gl puiy -
daaganall guai g1a paic JAl ae) aalg paic Ul iy -

OlWL guyg ! il paiell ggi Glang olpball gile olwall ollae goa pes

HLGO 20 Ayan aac gan [.MLE
.2nll aaell doyd (gl paliell o 33y pbdall bl bdo 20 AN Jae g aic

pointer + integer

Jlo

int arr[] = {10, 20, 30, 40, 50};

int *ptr = arr;



ptr = ptr + 1;
printf ("%d\n", *ptr);

Qi

papall pAy WAl Larr[i + n] Ul iy ptr + n gl arr(i] gl piy ptr g 13|
2opol) U0 pe A4 Jends 13 ¢S sizeof(int) (16 n dosdll

HLGO 30 uan dac oy PUMLE

.daganoll gudi Jals clal pbgoll cyai gUl puan aae o (13§,

pointer - integer

Jlo

int *ptr = &arr[3];
ptr = ptr - 2;
printf ("%d\n", *ptr);

(&8l a2 aalgll pnisll @iigo (1a gl) daganall guai agan Jala dill ydy ol oy

loaAe, o uubgo apn  EM.E
Loaiy &lnlall poliell 3ae Gupbgo A 2ap

ptrdiff_t diff = pointerl - pointer2;



aclgall
daganall guai gul ghbgal iy gl ooy -
Clyly U paliell aasy dayill Qulds -

ptrdiff_t ga dill ggi -

Jlo

#include

int arr[] = {10, 20, 30, 40, 50};
int *pl = &arr[4];
int *p2 = &arr[1];

ptrdiff_t diff = pl - p2;
printf ("%td\n", diff);

Olpbgoll &jlao  O.M.E

gudi JAala polic Ul upbdoll US iy baic hda Olpbdoll gw adlell oljldoll u:}su
.daganall

if (pl < p2) { }

Jlo

&arr([1];
garr[3];

int *pl

int *p2



AR

if (p1 < p2) {
printf("pl precedes p2\n");

}
y20 pe dolw (Ul (1a§5 dalire olagano Ul yrails Olpbdo djlio
HUGall Anllng §uull ¢la  .r.€
Abgall eyl paiy (3l I gUl Joogll ubll ela puiy
*pointer

13l had Bl subl cla ool
g B8 gl iy pbgall I8 -
dlail a2y Lo 2590 dic pbgall g5) o -

Il yac aiiy o)

Olubgall (ke Olwall pladiwl laganoll juial  V.r.€
.olaganall jial W olpbdall gile olwall padiuy
int arr[] = {10, 20, 30, 40, 50};
for (int *p = arr; p != arr + 5; ++p) {

printf ("%d\n", *p);

.yl BUbYI eld 1] joay U o) (quigild arr + 5 pusil



Qnil Jwlull 20 Olpugoll e olwall Ar.E

" @y ails ol o Glagano ia dnill Juwlull
.'0

const char *p = "Hello";

while (*p) {
putchar Gxp++) ;

.C (16 Uleag il bglwl clpbgall pladiwl dwaill Juwlluwl juial e,

L<iolya &nniall §513)l go Glpbdall gile Glwall QL€

ol aac elginl (145 lay 6 Ol (o daganos malloc Lasnp gul 6513l apnis
.wgliholl

int *arr = malloc(5 * sizeof *arr);

for (int i = 0; i < 5; ++i) {

i * 10;

arr[i]

dnniall il 3gan gan Glleell goa (s gl oy

&l a2y aalgll paiell 6acld  |-.M.E
.aaganall &lai a2 3alg paic gul pbdall pin ol &dals C pows

int *end = arr + size;



I

s ubgall 1a8
aijldo gsoy

adl yubll ¢la joa, U -

peoll pe Aolullg d=iuivl claAll  ILr.E
agaall gyl bl ela

int *p = arr + 5;

printf("%d\n", *p);

aldiue oW gu Olpbdoll gile oluall

int a, b;
int *p = &a;
p++;

b

U3 gioy jueall Lo HSIAN (18 Gglaio WK cuils o) (uia

duan pé egi Glalual

int x = 0x11223344;
char *p = (char *)&x;
p++;

)

.eoill puas dalel Jr Slako Una guy 138
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Olpbdall yile olwal Glwlood! Jaal  IF.CLE
annioll Jifl gl olaganoll JAla hdd oluall 3aj -
Olpbgoll Gopal ptrdiff t paAiwl
Ll a=y lo @igo aie pbgo gl ubll clas U -
@Al Jul (ile aanlgll olala)l agaa JAa -

&S13Jl Ingnas clalal @iy -

duloc aliol IM.M.E
A8ac :

void reverse(int *arr, size_t n) {

int *1 = arr;

int *r = arr + n - 1;

while (1 < 1) {
int t = *1;
*1++ = *r;

¥r-— = t;

Qi aludw Job olwa

size_t strlen_ptr(const char *s) {

const char *p = s;



e

while (*p) ++p;

return (size_t)(p - s);

gAlall  IE(LE

oS elaganall Jala piaio Jau ga Jo 65130l gile ble L g Olubdall gile olwall
aals (i 99 clalll e ljlial iy Quan JSiiy aoladiwl aieg .C a2l &1l A ades
@320 pé ol (Ul Spblo (138, aild «@oladiwl delw] aic bol .&udlA]
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(free ,realloc ,calloc ,malloc) 6)51aU (nSwolyall unAUl  PLE

UL clish 2ol Aouw 3] .C &2l &agall Gladll (naa] §513U 1ol paunill asy
6513, Blainllg djpo bl JSua cly puiy lowo (Jaalill Cubg el Bpoaig daoan puig
LJuldlil Al 830 o Jobal wlpal

-2opall Qi g0 pups JSiin USiols daniall 5131 jla5 (guasall pe gruniill guse gileg
(ﬂUﬁUIQ!.Qy!dgxngﬂésuag.QQSLoquﬂSH}nn_pﬁajdxuu:amﬂgﬁJE;:uloégiUIoia(JUUQ
@320 pé Aol (] Spblo (138, aclgall 03a

aanll ge pSl 20 (€23 jueo agre) WS 85130 (1ol prunAll awdll 138 gay
.gLaliall plaaiwllg &ollullg

C 18 &Xiolyall §j513)l angs 1ala)  LP.E
Loaie (<iolyal (AwnAll padiuy
doayl cudg lagyeo wglhall §5131 pan 9g U -
liul gl &l clasl asy Ol giuss ol way
Laoliya bloSil of gugil (Ul il JSua Qlias -
API ol@alg 3931 e 513l &aulo Jéi way
alwlgy Jlay allg (heap W& rawyg) AUl Yol (18 holys daniall GSIANl Gjas
.C sy &iy (14 85131 Janio
malloc dJiaJl C.PM.E

Bhaall pe 65131 oo ol alis malloc &la)l GANAj

void *malloc(size_t size);
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b size Jall (nle janAs -
WIS ggi (Al cuwlio J<ibn L3lao lubgo gay -
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8,513 dnan pgds U -

e.anI plaawll hai

int *arr = malloc(5 * sizeof *arr);

if (larr) {

}

pé awjlao clld ayg € &8 (18 malloc o Saleall dopdll ggi Jugaid daly U :dhallo
calloc dJIaJl P..E

Janly oWl gwon dhai pgédig daganal 8)513 calloc yanAj

void *calloc(size_ t count, size t size);

<UD
cub size x count JANAT
\anll dlol diay -

WAl danl alacll A gias -
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int *arr = calloc(5, sizeof *arr);

if (larr) {

&332l glgilll (o wlaganall |udo calloc J2a loo Ol @aa) janll duail AT

realloc &laJl E.I.E
.L"Q‘-‘,LLU" w o, d}jljmmMreallOCl}é

void #*realloc(void *ptr, size_t new_size);

dapll oUU
3,33 glgic gl &l Jai ag -
3220l oyadll panll gy guall aall (i 6agagall Gl gile Kalas -
Al aie adnll &g jjas -

Jldll aie i 993 ddnll aLs s -

¢ollg auanll hoill

int *tmp = realloc(arr, 10 * sizeof *arr);
if ('tmp) {

free(arr);



arr = tmp;

void free(void *ptr);

BSIA) (18 o Ul (13§ 28 ol pbgal) pblall Gusill

free &JIaJl O.W.E

.aniaall gl Wauseig Wl dnniall 8513l free jjAi

aclgdll

realloc gi calloc i malloc e Bl pbdall ok ol way
6yl jA 26 pbdall 9osy Ui ey -

il (1l gl 1ady Ug ol NULL ppas -

aslallg (&I poe  PLE

-l o) dupn Bylal axkuolall 8S1aMl JAss
Al aic poell iy -
free cleaiwl dic poll (naiy -
@20 pé Bolw 32 Glail 13a a Jengl! +

Agndo JKiy laldig aghgy 65131 &slo 3aas oy
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o)l pe cglulg a=slill claAll  V.R.E
6513l Ly

int *p = malloc(sizeof *p);

pRAill a2y pladinwll

free(p);
*p = 42;

Q9ajall pyaill

free(p);
free(p);

2o pé pys

int x;

free(&x);

Solpa)l gauwnaill Glwjlaodl Jaal  AP.E
aaling bo hdd anA -
bgm 6j.b;n]l glg.ile dJ *ptr sizeof paAuwl
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lannd (13l ypil giwo guai g1d 8SIall ja -
pail a2y NULL (e olpbdoll haAl -

dapll ol (14a realloc Glloe Jl& -

@foliya ddgano :goe Jio 9Q.M.E

int *create_array(size_t n) {
int *arr = malloc(n * sizeof *arr);

if ('arr) return NULL;

for (size t i = 0; i < n; ++i) {
arr([i] = (Ant) ({1 * 10);
}

return arr;

gaill Julé gjao iglac Jio  K.E

size_t cap = 4;
size_t len = 0;

int *buf = malloc(cap * sizeof *buf);
if (!'buf) return;
for (dnt i = 0; i < 10; ++i) {

if (len == cap) {

cap *= 2;
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int *tmp = realloc(buf, cap * sizeof *buf);
if (ltmp) {
free(buf) ;

return;
}
buf = tmp;
}
buf [len++] = i;

free(buf) ;

wnaloll  ILKE

JSUa <l oy gaa .C & digrog 898 (16 &l Sy 513U (holhall (AwnAll A
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.C++ oUUa w9 aiw AN (1 U log (ol g8
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blosDl 038 aaisi 13Jg (GUail o a9l sie WAL luhis Ug Gljoao C peas U C+ wllag

.phAio X (193 Wil (ile

aslall e doild (Auldo pwonns [.E.E

&slo auyl 038 Jias .lolg leilb Lolwi &uiy Jals wyhis @l go plll pbdoll culss as)
.3)gol) &ypnn



\YY

ywlwl &5lo (Audo

typedef struct {
void *ptr;

void (*destroy) (void *);

} owned_ptr;
touoR0 Gl ge &yl 03 pei
hdad aalg o ygall -
yaing upn poadl -
WAl ala s .EE
. &nlAll WAl dla ygo ggi JS @y
#include

void destroy_int_array(void *p) {

free(p);

cJgloo ygo cliul E.E.€
Uil &Aa) aie aflol 33aj

owned_ptr make_int_array(size_t count) {

owned_ptr o = {0};
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o.ptr = malloc(count * sizeof(int));
if (lo.ptr) {
o.destroy = NULL;

return o;

o.destroy = destroy_int_array;

return o;

opaig Jjgall pladiwl  O.E.E
8aypn 890 09 (nabiel Jiiy ygall gieaiwall padiuy

#include <stdio.h>

int main(void) {
owned_ptr arr = make_int_array(5);
if (larr.ptr) {

return 1;

int *data = arr.ptr;
for (dint i = 0; i < 5; ++i) {

datal[i] = i * 10;

for (int i = 0; i < 5; ++1i) {

printf("%d ", datalil);
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}
printf("\n");

arr.destroy(arr.ptr);

arr.ptr = NULL;

return O;

hoil 138 aioAy 1)l 1EE
hda 6aalg pai dndi -
&Slall Jai danlg UL -
goa pi e

Loyl paw (e aloicl U -

hoil 138 opagy U (ndl o V.E.E
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loaw 138 JKy lalo)  A.E.E

:il) oy 13 pawl 138 JB) agidll 03d pé)
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el aaill (1 1an gwgh -
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haa Jail aL &,5lo :a0adio dAui  9.E.E

.Sl liag Al gio oy dypanll &Slall (Al

owned_ptr owned_move (owned_ptr *src) {
owned_ptr dst = *src;
src->ptr = NULL;
src—->destroy = NULL;

return dst;

.g0lg ayn J<iiy Jadl olla oglwll aa (sl
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C++ g1a 183 pudo | C 1a &slo yAudo | Gpall
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&slall Qalos hiAj U -

agng, josll aclgé @iy

gAlall  IF.E.E

Ul 13§5 pbleo JSuiy C++ LU alds dlglaog g 6ok &3l Glpbdall C23 pcai U
Jlgag yuidl plaiuwl &flaly giegl (ile &l Glaypadl la Ui gog .diba puolns
Diag layaio Ly 1ag5 dnypll caghil
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Glaganoll go Jodl 1.0

@ldg 82020 &dyh Jogi (1ad .C &) (16 dwwlwi Gl ollios jisT (naa] Glaganoll s
igiwall dyle olell @lA (ileg .8gkhio 8513 Jala ggill guai go palic dac pjal
Jle 128 @bliyg dps 898 @aioy Lao Spblo 513l (16 ks ge C olagans b
-adgguuall o

2A%; paall &l §jS13 oWlss (023 (16 Wea ¢1d WS olaganall pwdll 138 (e
pladiwl &af haa gul padiw owdll 138 &@abg .39aallg el Glei doln rclgdl
@by C a2l (nayail aigaill 154 @S Jy «olaganoll

?7C yua daganoll a o IO
mo;glamgnlg.omnmppggm(um;u.omhszllu.o(muuu(_rLaCoszJJLoo.og.o.n.oJ |
ala 16 aligl Jgaa aice gf) daaydl cadg 333y cul paa 93 (ilS lawas daganall 6,513l

(VLA
lnbdo gudg Jolkll pl&I Jioy daganall ol -
Cub sizeof(type) lolay Jsuy pnie JS -
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Kl go s dwyaall -
olaganoll i .10
ol 33eg daganall awlg gnisell ggi Glaganall Glayni 33aj

sl

element_type array_name[array_size];

paic JS ggi telement_type *

(VLA cliiiwb) cub jusei :array_size °

Juo

int numbers[5];

&glaio 8513 (16 lolas &yan slacl &uadl daluo aypail 13a jany

ulaganoll auai M.1.O

Auaill pilgd pladiwl Wic pypail aic Glaganol dai gso

Lol auail

int numbers([5] = {10, 20, 30, 40, 50};
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&)l e
Al 633n00l pé plisl Gas

int numbers[5] = {10, 20};

': : || a'----- I
.aaganall pan @i g£oy (LA 3629 Aic

int numbers[] = {10, 20, 30, 40, 50};

labasig ol Ul Jgngll  E€.1.O

Awpaall Jole pladiwl daganaoll pnlic gl Jongl oy

array_name [index]

int numbers[5] = {10, 20, 30, 40, 50};
numbers[1] = 25;
printf ("%d\n", numbers([1]);

d<ilill ollogllg wlaganaoll juial  0.1.0

.ol pladiwy dale claganall plles
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juall
for (int i = 0; i < 5; ++i) {
printf ("%d\n", numbers[i]);
}
gthall Gyl
int target = 30;
for (int i = 0; i < 5; ++i) {
if (numbers[i] == target) {
printf ("Found at index %d\n", i);
break;
}
}
jrall e Jlo

void bubble_sort(int arr[], int size) {
for (int i = 0; i < size - 1; ++i) {
for (int j = 0; j < size - i - 1; ++j) {
if (arr[j] > arr[j + 11) {
int tmp = arr[j];
arr[j] = arr[j + 1];

arr[j + 1] = tmp;
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Al Ul 633210 Glagano)l  1.1LO

Qnalzgyi:dtﬁbﬂlﬂﬁkg.uujiciﬁgﬁmlo(fuclapaucgpginignﬂlCiﬁgﬁzuﬁlCldincaj
Al Dl auilis daganall

Qupill
int matrix[3] [3];
siail
int matrix[3][3] = {
{1, 2, 3},
{4, 5, 6},
{7, 8, 9}
};
Jongll

printf ("%d\n", matrix[1][2]);

6513l gdlgg wlaganall V.LO
.Olpbdo cuuy alaganoll
JolIL &I Ul puiy daganoll owl -

olaganoll aliwl éale] <oy U -
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daaganoll gusll paall ggp sizeof(array) *
Gl 138 laws pnic Joll wlpbdo Ul claganoll Y guleil aheo (1é Ui 209
2nnll aaall gl
assuill Al ALLO

3923l i Jgnog!

int a[5];
a[5] 42;

oLaall pe olaganoll

int a[5];
printf ("%d\n", al0]);

Olwloodl JAaal Q..o
lajla olaganall yua -
3922l pad agag Yapas U -
JIgall Ul &alyn daganall pan jjo -
olaalll culgs padnwl -

#define ARRAY SIZE 5
int numbers[ARRAY_SIZE];
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duloc aliol  1-.1.0

i)l 20a
int sum = O;

for (int i = 0; i < 5; ++i) {

sum += numbers[i];

w2l doudll aly|

int max = numbers[0];
for (int i = 1; i < 5; ++i) {
if (numbers[i] > max) {

max = numbers[i];

oaaloll  ILLO

BS1Al (ubpall hyhaill go pblo Gias ld aaall &Ll 8513 Glsls (1a C (1a olaganall
.ol &5lal §)lal Ug aganll (uildli (ana (1l yagi U lais) @&yg9d9 (Guitll abldg dlled (1ag
dyleg dann €23 qoly &) guolwi joi «bgla gug 6513 lmang, claganall pad
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Al Ul 6aa=io wlaganall .0

195 (nag 1Al wlagano @pnlic §9si vlagano (1a C (i aleyll 33210 Claganall
OEuilg (léganallg (Jolaall Jio =y oo sl (na ajoll Ll Jatod) dalbio ady
Al I 0P 23c Nl peai C of) alwll 45l daganall (na ch_uu JKil jigig .wlpgallg
Wi1S13 Uaghas C (na aleyll 8aazio laganoll cllias (agiwall dyle Glell GUA (nleg
clall dleg Blleag dann C23 qoly &S (ygpd huhail 13a pad ¢l Guiil Wlag 13320

Salyll 8aa2io Claganall nalo 110
bogado (Al wlagano Wynlic JS o5 dagano (a aleyll 83a=io daganall
asyl &shl olagano o dagano (a alsyll &yl daganaoll -
aley Ul s olagano (o ddgano (na alsyll &Ll daganall -
Gl A=yl algy 1ala] asy JS -
Ugl caganll cugy pladiwl 85131 go diglaio 6aalg &l (16 poliell goq gias Whja
.(row-major order)
alsy Dl 833=i0 Glaganaly pupil .10
Al aslis olaganoll
element_type array_name[rows] [columns];
wganll aac rows
Wn J5 J1o olizll aac icolumns *

int matrix[3][3];
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Al Dl &l olaganall

element_type array_name[layers] [rows] [columns];

int cube[2][3]1[3];

Ugi caganl :6513)l luhas  W.r.o

0iJ aalgll @all alic of (il Vgl caganll Cuiiy aleylll 8aa=io Glaganoll C &%) Ojas
.Ul cnll @yl 5 gglaio JSuiy

int matrix[3][3];
:g_ﬂJLIJlS OS1A)l nunAj U9y

matrix[0] [0] matrix[0] [1] matrix[0] [2]
matrix[1] [0] matrix[1][1] matrix([1][2]
matrix[2] [0] matrix[2][1] matrix[2] [2]

.JIgal claalgg «ddaall 85130l Aglwg «(Olubdall Gblwa (ke dpblo ndnril 138 g

Al Dl 633210 Glaganall auasi  E.M.0
alol$l il

int matrix[3][3] = {
{1, 2, 3},
{4, 5, 6},
{7, 8, 9}
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&l anal
anll 6330l pé gl Gay

int matrix[3][3] = {
{1, 2},
{4, 5},
{7, 8}

g

Joll agll aan
u'u.ai) 3929 aic haa Joll asz;JI wWan gSoy
int matrix[][3] = {
{1, 2, 3},
{4, 5, 6},

{7, 8, 9}
};

WAL ganll aae papioll piiiuy
gl Ul Jgogll  0.r.0
‘@ lola lyad a2y JS wlhy

Al Ul uilis Jgngll

matrix[row] [column]

printf ("%d\n", matrix[1][2]);
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Al Ul gl Jgngll

cube [layer] [row] [column]

printf ("%d\n", cubel[1][2][1]);

mll (Jpai .r.0
matrix[1][2] = 10;

Al 851301 (le Spblo Glaliwll Joss

Al 633210 Glaganall juial  V.r.o
.alAlaio ol pladiwb ale jwiall giay

for (int i = 0; i < 3; ++i) {
for (int j = 0; j < 3; ++j) {
printf("%d ", matrix[il[j1);
}
printf("\n");

JIgall Ul aleull 6aa=io claganall pas  A.M.O
.Joll lae o aleyll gran 35335 way (Jlgall (] alsyll 83a%io Gildganall ppas aie
void process(int matrix[][3], int rows);

65131 (a daaanll ol o) all pan ddpeol pajioll Gl gUl bl 132 gapg
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ulaganall olloe e Jio 9.r.0
olaganoll upd

void matrix_multiply(int al[2][2], int b[2][2], int result[2][2]) {
for (int i = 0; i < 2; ++i) {
for (int j = 0; j < 2; ++j) {
result[i] [j] = 0;
for (int k = 0; k < 2; ++k) {
result[i] [j] += alil[k] * blk][j];

a<ilill claall  1-.r.o

a9l qyli Jongll

matrix[3][3]; /* undefined behavior */

6laall pe olaganoll

int matrix[3][3];
printf ("%d\n", matrix[0][0]); /* undefined behavior */

Olwjloodl JAaal  I1.0.0

losla aleul 633210 Glaganall yua -
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oLl slowo culgs paAiwl *
auiaall 651301 elal uwai ganl e olaganall jial -
#define ROWS 3

#define COLS 3
int matrix[ROWS] [COLS];

duloe aliol IF.F.O
ol goa
int sum = 0;
for (int i = 0; i < 3; ++i) {

for (int j = 0; j < 3; ++j) {

sum += matrix[i] [j];

(Transpose) daaganall Jaj

void transpose(int al[3][3], int result[3][3]) {
for (int i = 0; i < 3; ++i) {
for (int j = 0; j < 3; ++j) {
result[jI1[i] = alil[j];
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Jlég pln nyhas ola dglaiog dakio 8513 G (1a C (1a aleyll 63a2i0 Glaganall
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us9 .Jlgal (Ul @ppos sic laganall Jlai sy &513 gl alesll igas &S pad gl
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@ialleog &unill Jwludl  F.0

ol Jwoi) padiwig € polp 16 duwlwll Glypil ¢xal daill Jwllill e
lanio Ol eg9i C 1095 U .ngiwoll ddle olell (o aaell dlA (ileg .@jlaodl G luuliig
aaiio lhall o Olagano JSib gile duail Jwlludl 345 «Ua o Uy aail Juwllul
('0\") ypan Wy

palony Jlaall (1o aif) wlallg 8513l hynas (14 Lols lasas C (raopo swanil 13a aioy
P3dy .ann JSiy olbl e huag (ianll (1aiall 3gag glong agaall §jlal dlgduuo
ainlleog laiLasg dakios Ui (1a loy £23 (1é duaill Jwllull gile dlolb pai pudll 133
8y alnwpoll a=slill caAall jisig

2C (16 &ail duludl a o LP.O

('0\") i dai] o asiy @lholl (o jglaio Julus (1a C (1é duadl dludul
dluludl §a5 333y gipanll aioll -
ale aoies &uwbdll Jwlll Jigs g0
alubuwll Jghb gai gnanll (naioll cauay U -

.C 18 830 &uns dlwlw @holl dagano a=i U (manll (raiall 993 o

anil Jwlud! duaig i M.P.O
Wlho 44gAN0 Q)i
char name[20];

gl claill o Ul dalaly Lop.o 19 gl Jy LJ daluo il 138 jan
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J 1 . (:L.JU pl e L.J - ‘:"E""

char name[] = "John Doe";

alududl (e aie Wlal "\0' clasll o pajioll wady -

@il @pro ol strlen("John Doe") + 1J bgLu.uo daganall pan e.;.u.l.uj .

oy oo auail

char name[20] = {'J', 'o', 'h', 'n', '\O0'};

Balgg by (anll (raiall d2uall 03a Jai

Joa=ill aublag dunill Culgill  F.K.0
aaaill pheo (14 had chdll 8513 (16 &l culgdl Gjas

char *p = "Hello";
char s[] = "Hello";

&yl ahubudl =i gygpall go oS 13] dagano pladiwl lails iy

labasig Wbl gUl Joogll  E.R.0
Aale olaganos anill Juwllull Jolss

char name[] = "John Doe";
printf ("%c\n", name[0]);

name[0] = 'j';
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auubdll anil Jwlul Jlga  0.1.0

<string.h> &gyl (16 &bl il Jwllull anlg Wy

(strlen) Aududl Jgbb

size_t strlen(const char #*str);

.l naioll Jid @lhall aae gap

anil Juwlludl duw
char *strcpy(char *dest, const char *src);
.29aal (paa gli strcpy i U tpani

char dest[20];
strcpy(dest, "Hello");

(strncpy) aganall duuill

char *strncpy(char *dest, const char *src, size_t n);

Jan oy dududl cldi] goai U -
vl by Wil gile s @olaAiwl cluw

:e.p.n]l plaaiwll

strncpy(dest, src, sizeof(dest) - 1);
dest[sizeof(dest) - 1] = '\0';
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(Concatenation) i

char *strcat(char *dest, const char *src);

char *strncat(char *dest, const char *src, size_t n);

8,85 @ialog (uan (ke 8o aagl dlwlul 99 of way

djjldall

int strcmp(const char *a, const char *b);

int strncmp(const char *a, const char *b, size_t n);

.Gyyaec Gulg Ao djlaoll

Gl

char *strstr(const char *haystack, const char #*needle);

char *strchr(const char *str, int c);

a=ilidl claAall R0
6)513Jl agan jolaj

char name[5] = "John";

strcpy(name, "John Doe"); /* undefined behavior */

ganll naiadl obe

char name([4] = {'J','0o','h','n'};

printf ("%s\n", name); /* undefined behavior */
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dadoce aliol  A.R.O

void reverse(char *s) {
size_t len = strlen(s);
for (size t i = 0; i < len / 2; ++i) {
char tmp = s[il;
s[i] = s[len - i - 1];
s[len - i - 1] = tmp;
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ool ae
int count_words(const char *s) {

int count = O;

int in_word = O;

while (*s) {
if (ks == "' ' || *s == '"\n' || *s == '"\t') {
in_word = O;
} else if (!in_word) {
in_word = 1;
++count;

}

++s;
}

return count;

oAlall Q.M.0

ol pad gl .claall go daoluio pé i) — 989 (Aled (igiuwall dAdiio C Juwllw
ol .aanng diol €23 qolp &S guwlwi ol gjlaall 39aag BS13l &klog (yanll
aic e U gulwl 92 b — dalailll daop (18 A guud &anill Juwllull
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C23 (4 aoilill duaul Jwllul Jlga  €.0

16 4dj20 (B2,009 @il Juwllul dlleal Jigall o alolb &egono dpuldll C ko 4ags
J5iig «(an (aioy &aiio wWlho olagano (ile Jlgall 0da Joasi .<string.h> duygyil
.C 2olp (16 pgnill dalleal gulwll

2920l uldli (pnd u'll donill Juwlludl Jlga 5 U «ngiwoll ddle olell @l (leg
.5)513)1 &x5log .claill aclgdg (o)l plaal Lo.x.o.c load 2anll @oladiwl allhy «<lilg
&) daanll pladiull bloilg lasglg (£23 (na LolaAiwl Jlga)l jisT ol 13a Ay

(strlen) &l Jgh  L.E.O
]l (naioll cliiiwl Sl 16 @jlaodl aae strlen cuunj

size t strlen(const char *str);

O(n) :ytnA il (oj °

printf ("%zu\n", strlen("Hello"));

&l Jwlbwll jwi [L.E.0
strcpy

char *strcpy(char *dest, const char *src);

.guan (aio Jol gl Jengll ytia A
.a93al (pna L_ﬂi g U ad



strncpy
char *strncpy(char *dest, const char *src, size_t n);
:dodo AilnA
Upan clal s U -
padl janoll 9§ 13l lanl (éWl Lo -

"aiol” " @il ile @oad cluy -

gl gyl P.E.O
strcat

char *strcat(char *dest, const char *src);

strncat

char *strncat(char *dest, const char *src, size_t n);

o)l Ul Jwludl Jyga5  €.€.0
doyadll Jlgall

int atoi(const char *str);

double atof (const char *str);



& yngall Jlgall

long strtol(const char *str, char **endptr, int base);

double strtod(const char #*str, char **endptr);

wAlall  0.€.0
&AL glol Gllosd (ol pad5 U lais) dulle dclasg 898 C23 (6 &l Juwllul Jiga jog5

daop 16 guwlwi ol claalgll 0ia glés] .ol aopall @ile yile danll dgduo gdig
.C23 asly Jasaidl aalail pghig (o laoll elug «olKuidlg dakaill
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@olaaiwlg JSua)l wuyes 1)

glail o 833910 ud groar au 3l .C &) (18 il oWl pal go (Structures) JSLall 2
utle Blanl go s JSiin bl da3alk pou oo Baalg &rdhio 6329 o dalido
ByS1A)l lylnAs (14 JolS psay

@3 (Value Types) ad glgil (1ag .6clas)l dyleg Guiill dLlag @l Jshall Jhs C23 (na
jighhio oo JSall owdll 13 p3d) .grain 8ba jac cglwg AgAg 83330 ylhAj aclgd
.4l pladiwll bloilg 6513l GUUag «Jangllg diailg «ayyeil :dalaill daop

Syl d o LI

@liny of ooy Blowo elirel o s «padiwall d o Wieo Jiuaai £gi (1d &yl
gunllg 6lalaoll aclgd élelo 2o B)S1Al (1d jglaio JSuiy clacll &0n ujm o J5 g9
.ABI @a2n) (il (Alignment and Padding)

i)l olawg «wlgSgigll Jilw)g Quedlg Gl Juiod) gwlg dlni gile Jsuall AL
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Vo)
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clacll wyyes doiléy deguio struct aunliaol doll plaAiul dyill W<

struct Person {
char name[50];
int age;
float height;
5

65131 AT a3y cle Dl cuwp -
slalaall JAlel giin alay aa -

alals abas Lg 6l aags U -
duiy o Olls s P
Al ggi (nl 2o Jl ga WS dyidl go OIS clinl gSay (ypeill a2

struct Person p;
:aalg jhw (16 Olls 6ac Wyl (50u9

struct Person pl, p2;
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2o qypnillg cypeill  ELT

16309 douler (16 @io ClS clivlg dyill wyyes gSoy

struct Person {
char name[50];
int age;
float height;

} personl, person2;

gudl duas 0.0
.aagaeall Gulgdll dhlao auas ailgd pladiwl gl ahas Loy

struct Person p = {"John Doe", 30, 5.9f};

. :‘ " . L“a ."

.elaAall Jlasg QgAgll AT gyl (Designated Initializers) dieoll apadl C23 jueo pcay

struct Person p = {
.name = "John Doe",
.age = 30,
.height = 5.9%

s

4l WAL 89S a0l pe clachl Gas
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printf ("%s\n", p.name);

printf ("%d\n", p.age);

p.age = 31;

struct Address {
char city[32];
int zip;

};

struct Person {
char name[50];

struct Address address;

};

printf("%s\n", p.address.city);

auil elael gl Jangll 1D

.ahaill Joleo pladiwl dill clael gl Jgng)l o

auil clacl Juaes V.

Byl clarell Jasi oSy

alalaioll Jsuall Al

claels Al vy vle gudl (nging o <oy

‘dazulll cus il aclgd a9 Jongll oy
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.0laganall g0 (reub JSiiy (il JolKis

struct Person people[3] = {
{"John", 30, 5.9f},
{"Jane", 25, 5.5f},
{"Alice", 28, 5.7f}

¥;

tidl Ul Olpbdall 110
.ol Joleo plaaiwl olpbdall pe gyl yul Jengl ¢S,

struct Person *ptr = &p;

printf ("%s\n", ptr->name);

J opaido dsan (1gw Jul paull Joleo

(*ptr) .name

Awilg mdll GULY L]

B clacll &0 Ay alwll ol g"i -(Value Semantics) pué6 ol C (nd gl giois

struct Person a = p;

] pud gl Gl duis Ug Jndd uglies Olubgoll duwis
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a<iuidl claall  Ir.10
sLao pé g

struct Person p;

printf ("%d\n", p.age);

aalln pé Olpbgo

struct Person *ptr;

ptr—>age = 30;

Olwyloodl JAaal ML
loila gl pua -
Olpbgo pe sl gl jpo -
dpubgoll clrell &slo @y

Léhio aidl cwlas gile Kal -

Oclh &)l il typedef pladiwl €L

typedef struct {
char name[50];
int age;

float height;



oV

} Person;

Person p = {"John Doe", 30, 5.9f};

dwaiall :goe Jio 10.1.77

struct Point {
int x;
int y;

g

struct Rectangle {
struct Point top_left;
struct Point bottom_right;

};

galadl 1L

\=bgio Unyhiig Ues leyoas jagi (1as .C g1 dwlwll Gl daias 8lal (ia Jsual
&0 Jolaily «oUgSgigull puonig okl daop) yygps Wildslg 851l (18 by lokaig
.C23 (14 clalll ayle Clayhillg Azl
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@ildunig SlalksUl .0

&% )liroy clérel das) pous C a2 (16 (ngiuall &AdAio Gl gy (Unions) olaksll aes
QLo «Aldio (pjaj dalwe gAace JS clioy cua (JSkall guse gileg 6513l gdgo gudj
98 hda anlg gAc Ay (uioj &lAa) Sl 189 8513l udi (1é Gglalan Akl clael guan

a3l aard)l Laln
doleall spleioll Ul Juiosg HSIA 6clas Jal o guwlwl JSiy Glalsll padiws
BS13)l (na Ol Juios (n1d pupall pSaillg Al wlgSgignll dalleog ,(Tagged Variants)

falillga o .M.

09519 8513l glgie guasi ajlacl graa &)l pariwoll Jié (o 2o Oy £97 9@ alajLl
Blaloll llhio élelo @o i gace psi pan) Loluwo skl pan

Ldigl guai (1a giigo (13 JSiiy aalg gace go jsi gul Jeogll jou U

il s (.00
clacll aoilay degquio union danliaoll dolsl pladiwl alasll LQJ&j

union Data {

int i;

float f;

char str[20];
I

BS13l glgie gudi go cbaell gan law

il o Olpsioy ppaill P17

Al ggi (nl go Jul ga WS sl Glpsiay aypnil gSoy (yp2ill a2
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union Data data;

‘120 Wlpio 6%y pypaill gXayg

union Data dil, d2;

Olalsll duas  €.0.)

-ud gAc Jgi pdy dogdy iUl day gSey

{ 10 };

union Data d

b2y dlAaaall (nag @il dyail C23 ju=o pcxy oS

union Data d = { .f = 3.14f };

pabagig kiUl cacl Ul Jongll 0.1

.ahaill Joleo pladiwl aksll claci gul Jgogll ok

d.i = 10;
printf ("%d\n", d.i);

BS13)l &dnio guai Goo & Ul 13§y JAT gAc (| dogd Aluw]

d.f

3.14f;

11330 aoydll ay] cuif (nall gasll gl Ul Joogl joau U



Jeall ggillg 6513Jl aagai .M.

.(Active Member) il gA=ll ga gA<ll 138 auny alsll go gAc (16 doud S aic
.jSo]l P (Effective Type) Jledll g9l 335 Ul i (1adag

Ju=o Bule (A 132 839330 Gl (16 U] Wyeo pé Kol az) cla a2y 3l gac g] Jgogll
.C

Ol dgil loladiwll  V.F.A

6513l 6olas

.clad Ul dalio Gluioil 955 boaic 65131 dUaiwl GlaksUl JL4s
union Value {
int  1i;

float f;
15

&) (1l (1é aalg Juias Ul aqgy U

aolsall Glaksul

Jnudil gAell 3and (Tag) awgy asl gy Lo WL

struct Variant {

enum { VT_INT, VT_FLOAT, VT_STRING } tag;

union {
int i;
float £f;

char str([32];

} value;

};
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- pawgll (Aana Wila clian sl pladiwll

if (v.tag == VT_INT) {
printf ("%d\n", v.value.i);

.0lgSgigpll pranig lllaally (Wlpuaoll (néd guulwl haill 138

i)l lUawwg autidl UgSgigul

pAio (A= Al 85131y Glalsbl padis

union Register {
uint32_t raw;
struct {
uint32_t enable : 1;
uint32_t mode 3 &g
uint32_t unused : 28;
} bits;
5

.6lgill da0p9 dioAall &Ll y1a EJUDIiag

goiaallg agowall 1pgill puwas éalel A

03 pA2o 15 .C 420 (189 .Type Punning 8,513l juuds 8alel) Glabill pladiwl (o
.j20 pé Kol Glolaaiwlll



nr

W=o pé dolw (ile Jlio

union U {
int i;
float f;
g

union U u;
u.f = 3.14f;
printf ("%d\n", u.i); /* undefined behavior */

Ol aag Jiid) adg Jail Jlé pé 13a

memcpy :oll Juauwl
.memcpy pladiul ¢1a S Jaias pwas 6alel) dgoaall saagll ddyhll

float f = 3.14f;
uint32_t bits;

memcpy (&bits, &f, sizeof bits);

d<ilill claAall 9.0

il pé g qul Joog)

union Data d;
d.i = 42;
printf ("%f\n", d.f); /* undefined behavior */
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Al Jé5 aubld (Alial

ails (Aalial jgau Ug dniall (e anii guuallg 6lalaollg akasll lauhAjg

pwgll oL

.ol peg gud 395 (Ul 134 pwg Y93 Glalkill pladiwl

olwloall JAaal .00
pwg pladiwl lails il gAell gii -
Kol jaé egill pudi éalel iny
Ol puas éalel) memcpy paALwl ©
&Sl &aaeill U Juioil olalsll padiwl -

u1giall dAdiio Glgals Glakill go Jolss -

pleo Al :glae Jio  ILF.

#include

#include

struct Value {
enum { INT, FLOAT, STRING } type;

union {
int i;
float f;

char s[32];
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} data;
};

int main(void) {

struct Value v;

v.type = INT;
v.data.i = 10;

if (v.type == INT) {
printf ("%d\n", v.data.i);

v.type = STRING;
strcpy(v.data.s, "Hello");

if (v.type == STRING) {
printf ("%s\n", v.data.s);

return O;

galadl  IC.00

duwlwl 8lal (1ag .C &2 (16 bl Juioig 85131 uhas (16 By lasay olalasll jogs
pad yanll @oladiwl wliang . (1giwell &AaA0 dakilll da0pg bl Glaslglly Belasy
@oladiwl aieg . oo JSiiy @eall pé Aglull winig (Jleall egill aclgég Jaiiull gA<l

ypeill C Glgal (1l o Glalull a5 oAb
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@allélg olalal pia 1.V

it o ol gXai 3] kbl daop (16 duwlwll Glsdll 13a] olalall dlleo e
o gl Jisdill oA go Jelaillg (Al poly go elogleall Jalig «osla JSiy el
Jillg ,(<stdio.h>) duball alaly Juall &iko JUA o olaloll dalleo 345 .C &%) g1a
K el olAL anlil olaloll olanlg §ga (Buffered) Lidgo Ujaog Ugano 1ay4a5 jags
Aolwg iall blasl aph 20 €23 16 pnn YKy wallélg olaloll pia gile pwdll 132

.Olwjloall JAalg «clhall dalleog «cabdall ¢pjaill

CS 4 olalall dalleo @ lo LV

lawio lEaai Jioy gag FILE (iea, (Opaque) piso (plE (ile C 18 olalo)l dalleo aaie

Jelailg (ail cldaas (1) gagaill jropg «abdall (jail éjlal C &uiso yUgis - jlaa gl loy
&alAuwll diy go
:olalaly ddleioll dilivl Ollosl Jouis

l@ulisg wlll 6cl4 -

no
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axdgall gjlacdl @i -

3lgoll pjaig calall Ul -

fopen plaaiwb walo a;.o r..v

Jdang haig (Stream) G030 wlo puwl hyy yilg fopen &Il pladiwl wlalall qid o
.2220

sl

FILE *fopen(const char *filename, const char *mode) ;

«alall juuo :filename °
Jdongll hoi dwlw :mode

Jia)l aie NULL gi 2kl aic FILE U] pbgo :éaleall doudll -

olalall 2id blojl

@021l ¢Jglw 14,59 calall Qid &aus hoil b a3qj

yuall | hail

lagago wlall 99s ol Ly thad dcld "

:c & ." g‘i' I " g.j_dJ !I o . Q..:IL.I.S Ilwll

dall aie ol gy gkl "a"

Iagag.o ol 9%y Oi way «@lisq bclpd "
aliy of Alall £36, 850 bcyd | "
QLllg 6cld "a+"

("rb" di.o) (J‘Lﬂﬁ h.DJ nbu
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Juldl @agll Jlao gaill 2ig

:aalAioll dalaill (na
Aol )las Wlho (ile ailligai aill gig (ﬂ}l’ 1§ -
©lgail 03a guoa ulidl gagll Jhe -

i pé olly go Joleil aic daln il gagll pladiwl vy (Jail &blal laal

lo aia :Jlo

#include

int main(void) {
FILE *file = fopen("example.txt", "r");
if (file == NULL) {
perror ("fopen");

return 1;

printf("File opened successfully\n");

fclose(file);

return O;

fclose plaAaiwb walo gUel .V

3jlgall groa pjaig Erangll caloll Glily Eyanig biddall Gjlaall &ipai gl clall GLE| (13§,
. @0 alaypoll
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int fclose(FILE *stream);

#include

int main(void) {
FILE *xfile
if (1file) {

perror ("fopen");

return 1;

if (fclose(file) == EOF) {
perror("fclose");

return 1;

Q9ido &a3i gl pbdo :stream *

Judll aic EOF g .alaill aic 0 :éaleoll doydll -

doao OUUA
WAL &aoll Clapoll gias ol *
6alsall doudll pe &yaill clnAl ge glLUIl aiy

2o pe Jolw felose ay Gaail plaiwl -

clo Ul : o

fopen("example.txt", "w");
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return O;

@paillg cigall (uiall  E.LV
Al Ul Spblo Uyl k5 U adg «ualial JSiby iago C olidas gjas
Llals £14y fclose
Loy ¢34y Frlush *
fflush(file);

Ol glada Ul (13) 28 caloll L8| gi @iya5 pac

aoilill claall 0.1V

fopen (o NULL (Jalas

FILE *file
if (1file) {

fopen("missing.txt", "r");

perror("fopen");

olalo)l GLal s
:gUl @BLE| pac 13§y 2bg «oUAUI lgo dagidall Glaaaul claius
olaloll olanlg alaiiwl -

&pail pac cuuw ol glada -
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als @i635_9| il

fclose(file);
fgetc(file);

Olwloodl JAaal LY
fopen @i (o Lasla @.om .
had 6aalg 80 agido Gai JS @leal -
anill pé ol Julidl giagll paiiwl -
fclose clnAl &0 Jolsj -

29/l Gl @ea (18 il glaal agSl i -

duloe aliol  V.LV
lo dclpd
#include

int main(void) {
FILE xfile = fopen("example.txt", "r");
if (!'file) {
perror ("fopen");

return 1;

int ch;
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while ((ch = fgetc(file)) != EOF) {
putchar(ch);

fclose(file);

return O;

#include <stdio.h>
int main(void) {

FILE *file
if ('file) {

fopen("example.txt", "w");

perror ("fopen");

return 1;

fputs("Hello, C23\n", file);
fclose(file);

return O;

Julis o ! Jongll

#include <stdio.h>
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int main(void) {
FILE xfile
if (1file) {

fopen("data.bin", "wb");

perror("fopen") ;

return 1;

int value = 42;

fwrite(&value, sizeof value, 1, file);

fclose(file);

return O;

onaloll ALY

lityeiwl owdll 138 (18 .&8gig0 ol Uaga ol pnn Juin @allély elalall aid s
ol .obpll dan (nd Gédall (pjail j9ag Qidll blosi ilig Fclose g fopen Joc &qus
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.1giwall &Aaiio POSIX olaalyg «ulguitell Jgngllg (Guioll
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lanlisq wlalall 6chd .V

auulall C &iso yagi .ayl ol &S gi aio Gl cld pobpll %oy alaiy loll Qid a2
aigiwo el olaalg Ul &alal (ol daage (igiwall d&nasio alalg Jial laalg
.alainoll Jurdll bloslg wlall ¢ua (o lanilnig Anlil @ilUa dia JS) . Guuidl (ke aoiss
Jaall ihgyg (023 16 olaloll &liSg dcld Glhlas) Wacg Buda Wape pwdll 138 prd)

daalleog «cabgall (pjail cglwg (Guuioll alallg Jhallg (pgnill JAalg (ulidl alallg
paai (o Wl Jo «olalall ollac 345 @il had guy eadiw owdll 138 &an .claall

2nnll JKily alla g5

Glalall (o 6chd)l L.V

uile duwliodl Jla)l WAl aisy . 20Ul 8513 Ul JAall §aai o bl dchill duloe Jéis
.J5uil 6 gl alKido cwls 13l Lo (1leg (duni gl il ol culs 13l Lo

fread pladiwl vl JhaUl

bl Jagai g pwas (al g9a GyS13 gjao Ul Gaail (o pla Gl éclidy fread &lla)l pgds

FEIWA |

-

size_t fread(void *ptr, size_t size, size_t count, FILE *stream);

GUUall

Cub size pany pnic JS |J.ﬂ.LC count 6clid Jolas -+

Ll @ichd cuas qull poligll 3ae aye -

UnA 3929 8j9pall (e U dyjall écldll -
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#include <stdio.h>

int main(void) {
FILE *file
if (1file) {

fopen("data.bin", "rb");

perror ("fopen");

return 1;

int buffer[10];
size t n = fread(buffer, sizeof buffer[0], 10, file);

printf ("Objects read: %zu\n", n);

fclose(file);

return O;

Fscanf pladiwl Guuiall JUall

Glbgas chal go V3320 Guuuis Al Gag aluaig @.nmJI (0 A 6clpd) fFscanf AlaJl pgds
.gkpiU

FERWA

g

int fscanf (FILE *stream, const char *format, ...);
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Guuidl 2o lolos JBall glay gl way -
921l (16 Begyiio e Glly ¢y dyiall oléiaoll -
clhAll a”jeog 61890 clhAalll dalleo -
Jia

#include

int main(void) {
FILE xfile = fopen("numbers.txt", "r");
if (1file) {

perror ("fopen");

return 1;

int value;
if (fscanf(file, "%d", &value) == 1) {
printf ("Read value: %d\n", value);

fclose(file);

return O;

faets pladiwl (ipaudl JUrall

nb ! ol Ll @pno cli (14 Loy «aalg g pauw 8l fgets AlaJl pgdi
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dzall

char *fgets(char *buffer, int size, FILE *stream);

Jla

#include <stdio.h>

int main(void) {
FILE *file
if (1file) {

fopen("example.txt", "r");

perror ("fopen");

return 1;

char line[128];
if (fgets(line, sizeof line, file)) {

printf("Line: %s", line);

fclose(file);

return O;

olalol Ul Qs r.r.v

JBall g1 Jul ga kg . QAU Gaai Ul polipl 8513 o okl &SI ddae Jdis
Aunillg dulidl oLl dalido Jlga paAi s
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fwrite pladiwl vl Al AUl

s (al g9a Gaawl gl plA Clil fwrite &Il ks

FEIWA|

g

size_t fwrite(const void *ptr, size_t size, size_t count, FILE *stream);

S

#include <stdio.h>

int main(void) {
FILE xfile = fopen("data.bin", "wb");
if (1file) {

perror("fopen");

return 1;
int values([] = {1, 2, 3, 4, 5};
size_t n = fwrite(values, sizeof values[0], 5, file);
printf ("Objects written: %zu\n", n);

fclose(file);

return O;

Forintf plaAiwl @uioll QAL

.3300 §aaj gl liuio Laj Forintf &Il uss
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int fprintf(FILE *stream, const char *format, ...);

Ja
#include <stdio.h>
int main(void) {

FILE *file
if ('file) {

fopen("log.txt", "w");
perror ("fopen");
return 1;

fprintf(file, "Value = %d\n", 42);

fclose(file);

return O;

fputs pladiwl dnil Juwlludl AlAl
.Gaadl gl el oy audiio duni duulw fouts Al ks

int fputs(const char *str, FILE *stream);

#include <stdio.h>
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int main(void) {
FILE xfile
if (1file) {

fopen("example.txt", "w");
perror("fopen") ;
return 1;

fputs("Hello, C23\n", file);

fclose(file);

return O;

gl Jgaglly cloll giago  P.MLV

8l &Sl g delydll duloe GlEo 330y calo @igo pbdoy Gaai JS Aainy

2i3g0ll pAEj Beldll +
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fseek(file, 0, SEEK_SET);

Logub &3aa1 claall jalao gsi go yibla JSiy gigall §)lal
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if (fread(buf, size, count, file) != count) {
if (ferror(file)) {

perror ("read error");

Ojtall agan jolaj
.00l pany Jhall cllac apds laila iy

fgets(buffer, sizeof buffer, file);

Glwjlaall JAaal 0.0V
Aulidl ollul Fwrite/fread paAwl -«
wadl JAal fscanf (ile foets JAa
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beuh Kglw il Al AU/ JAall piel -

hda 6aalg épolg dc puy olalall Gléi -
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#include

int main(void) {

int out[] = {1, 2, 3, 4, 5};

FILE xfile = fopen("example.bin", "wb");
fwrite(out, sizeof out[0], 5, file);

fclose(file);

int in[5];
file = fopen("example.bin", "rb");
fread(in, sizeof in[0], 5, file);

fclose(file);

for (int i = 0; i < 5; ++i) {
printf("%d ", in[il);

}

printf("\n");

return O;

waaloll V.V
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6iaalg «wlala)l pUA; Jio dxyli 3jlgo (e Glalo)l Glloe anies @Giadl duylwall épauill
.cadg l (18 dalio pé auni gl yylgall 03a Juidi adg . Juiinil pUA; Gloarg (pjaill
aopoll @ile e gy ;939 dayn dlac alAllg Jhall claal dalleo a5 (€23 (1a
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clhAll o0 auwlwDl il oWl F.RY

:olalo)l Gllae elhAl wliufl dlolio W &L C a2l pags
JIgall (o aleall pudll .l
Gaadl ala olpbgo .M
errno plell UnAll psio .M

Aannll @i pall woladiwl waug dalio bage adi J§ pads

Joll glaall hA :éaleall mdll PRV
Balzall mard JUA (o Juball gl olalall go Joleill JIga ah2o puii
Juall aie NULL dopdll fopen ausi *
Juwall aie EOF doudll fclose s
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1o daleall pudll (Ana lodla Loy

FILE *file = fopen("example.txt", "r");
if (!file) {

.C aoly 1d legub wieall pe doludl Gluwi gSi o 8aleall il Jalas v



IAO

Uil QlAllg Jrall pad  ERLV

il UbYl 99 dgliaall liell go Jél aace dalleay Fwriteg fread Jio JIgall pgds ad
.lnA YelaYel
size_t n = fread(buf, sizeof *buf, count, file);

if (n < count) {

if (ferror(file)) {

2l Guwll gasd opudi aag .aili 3 laa gl Al of JBall aey I

ferrorg feof :Gaadl ala  O.P.V

.calall @lai allag hall Aa e pei adAla Glpbdoy FILE Gaas JS Ahainy
ol G Ul Jangll jJuidl feof(stream) -
AlAl/ Jial UlhA Ggan jwiall ferror(stream) *

Lo duloe Juird asy Ul (rizo Ola Glpbdall 03a ¢gsi U

if (fgets(buf, sizeof buf, file) == NULL) {
if (feof(file)) {

} else if (ferror(file)) {

Lojla Lalio UnA dclill lglao Jud Feof cleaiwl A



YA
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auball Jigall (na il ol pAasy Joa &l dunyAiils Glogleo errno pioll yagy
oA Oleleaiwlg

<errno.h> (14 Gy=0

Jiinall a2y opblo had plln -

aln Ol pé duifo Gleleaiwl Job) poi 28
:a25Lill claAll jgoy (ro

39290 pé jluall gl cala)l — ENOENT -

Oballall Ad) — EACCES -

el ile 18l dalwo angi U — ENOSPC -

#include

FILE *file = fopen("example.txt", "r");
if (!file) {
if (errno == ENOENT) {
puts("File not found");

Juisall v} @als allall i Waie U] errno (A28 pae Ly
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strerrorg perror ALl ¢pe gloil VPV
perror
.errno J aJull doudll Ul |3l piul 6eqpao UnA duwy delby perror &la)l pgds

if (1file) {

perror ("fopen");

}
uwball hall aa Ul &yl ks
strerror
a18ng duulw ()l UaAll joy strerror &la)l Jgai
#include

fprintf(stderr, "Error: %s\n", strerror(errno));

.aninae g almo Uad Jilw) el aie @lall 038 paAius

Juall aie yjlgoll i ARV
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#include <stdio.h>
#include <stdlib.h>

#include <errno.h>

int main(void) {
FILE xfile = fopen("example.txt", "r");
if ('file) {
perror("fopen");

return EXIT_FAILURE;

char buffer[128];

if (!fgets(buffer, sizeof buffer, file)) {
if (feof(file)) {
puts("End of file reached");
} else {
perror("read error");
}
fclose(file);
return EXIT_FAILURE;

printf("Read: %s", buffer);
if (fclose(file) == EOF) {

perror("fclose");

return EXIT_FAILURE;
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return EXIT_SUCCESS;
}

cadAiilg (Goadl Al anll puaillg baleall bl pad (1 buAill Juodl [3a ebg.g
JAaill Ohlwo uea (14 audull
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Ay Jldall 16 aif) (rain glung dyle 8clas) ol &9 dchd wolwll 138 aub
80l ang (Jail &lég JagdnAil )la] gady b (16 popall gile pST &lgguo

&0 (C23 (14 aplit)l olaloll go Joleill juzall go dddlgiog déi6a dalleo pwdll 138 pad)
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YUl cloll ey (Mo LEV
Ky U .auiond pawl &y 9l giai oy (1l g9 go Ol o Julus ga gl clal
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FILE *file = fopen("data.bin", "rb");
if (1file) {
perror("fopen");

return;

Ir

Jaopill gl gl &:lLgas clab uall gigy ogéds (ull dakill (ale Uigypa (it gdgll Ay

fread pladiwl aulil ol el P.EV
8513l Ul dalall o ol Gl Jais gl fread pladiwl gulid Jhall ddoe ois
size_t fread(void *ptr, size_t size, size_t count, FILE *stream);

Balzoll &odll il .cub size paie JS pan @ly Cua gnliell go count Scld allall Jolas
.ol b gl paliell 3ae (]

int buffer[10];
size t n = fread(buffer, sizeof buffer[0], 10, file);
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if (n < 10) {
if (feof(file)) {

} else if (ferror(file)) {

perror ("fread");

cawlioll @l o opuds lasla (iayg «aild aay Una gujall JBall Ay U

fwrite plaAlwb auslidl ol &S E.EV
.caloll Ul 85131 o oA Gl Jéiis gl fwrite pladiwl Julidl QDI duloe pis
size_t fwrite(const void *ptr, size_t size, size_t count, FILE *stream);

int data[10] = {0,1,2,3,4,5,6,7,8,9};

size_t n = fwrite(data, sizeof datal[0], 10, file);
if (n < 10) {

perror ("furite");

20 Juiy @eo Joleil (anyg @il &SI, C juso oy

sudlg aulitll olaladl  O.E.V
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typedef struct {
int id;
char name[50];
float salary;
} Employee;

Employee e = {1, "John Doe", 75000.0f};

furite(&e, sizeof e, 1, file);

Employee e;

fread(&e, sizeof e, 1, file);

G0a0 1gud
tpe Jal ablé pé guil) spblyall &,uS)
aaliao wljloso
aalido ABI gl wloqyio -
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aulidl olaloll (o u‘ulg.u.lszll dJdoangll LEV
.ftellg fseek plariwl dlle 6clas) gulgiuell Jongll auslidl olalall pcas

int fseek(FILE *stream, long offset, int origin);

long ftell(FILE *stream);

fseek(file, 4L * sizeof (Employee), SEEK_SET);

Employee e;

fread(&e, sizeof e, 1, file);

Ao huhaig <ol ean Ola ollaw agag yulginell Jgngll (A,

Juliddl Qlallg JBall (né clhall dalleo  V.E.V
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FILE *file
if ('file) {

fopen("data.bin", "rb");

perror ("fopen");

return;

int buffer[10];
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size_t n = fread(buffer, sizeof buffer[0], 10, file);

if (n < 10) {
if (feof(file)) {
puts("End of file");
} else {

perror ("read error");

if (fclose(file) == EOF) {

perror("fclose");

}
Al aulalod) Slwjlowdl d.n.ol A.E.V
loao uhaill g% baic (Al b Lelgil padiwl |
a3 aulitl olala)l gun @ig .M
quirnl gf Blalaoll 1l (Aas U W
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#include

#include
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typedef struct {
int id;
char name[50];
float salary;
} Employee;

void write_employees(const char *path) {
FILE *f = fopen(path, "wb");
if (1f) {
perror("fopen");

exit (EXIT_FAILURE);

Employee 1ist[3] = {
{1, "Alice", 80000.0f},
{2, "Bob", 85000.0f},
{3, "Carol", 90000.0f}
I

if (fwrite(list, sizeof(Employee), 3, f) != 3) {

perror ("furite");

fclose(f);

void read_employee(const char #*path, size_t index) {

FILE *xf = fopen(path, "rb");
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if (1) {
perror ("fopen");

exit (EXIT_FAILURE);

fseek(f, (long) (index * sizeof (Employee)), SEEK_SET);

Employee e;
if (fread(&e, sizeof e, 1, f) == 1) {

printf ("%d %s %.2f\n", e.id, e.name, e.salary);

fclose(f);

int main(void) {
write_employees("employees.bin");
read_employee("employees.bin", 1);

return O;
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int *ptr = malloc(sizeof *ptr * 10);
if (!ptr) {

perror("malloc");

exit (EXIT_FAILURE);

free(ptr);

.dy2o pe dolw gl G513 alwa gl «bpus (Ul ailblal &jlall (13§
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int x = 10;

int *p = &x;

*p = 20;

Aligllg 85131 gul Jongllg axfuolball Gl JSua) gulwll olpbgall aes

<l oo e allosll

hioig pllellg alig)y pfAil g1a aalis) p;j_‘ﬂ_uj‘g &all ol 20 ayill ool Joleis
genall ol

unsigned int flags = OxOF;
flags &= ~0x02;
flags |= 0x10;

Bpblo lleall Gladss cllasgll 0a Jldig

ganall guoaill
a2l olypi 1655 U baie alleall dnlh cladei ahab goioll gwoail aowy

int result;
__asm__ volatile (
".intel_syntax noprefix\n"
"mov eax, 10\n"
"add eax, 20\n"

"mov %0, eax\n"
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".att_syntax prefix\n"

: "=r'"(result)

Jnda 6)gpAll aie padiuy :9<LQ.;J"' | &bld o wolwll 1aa Jla,

LU Olelas
8lgill haig padiwall hoi g Jolall aall plAil Glelas Jios

int fd = open("example.txt", O_RDONLY);
if (£d == -1) {
perror("open") ;

}
close(fd);
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#define GPIO_DATA (*(volatile unsigned int *)0x1000)

void toggle_led(void) {
GPIO_DATA "= 0x01;

j@all gile spblo adl &L gi dclall dig alic Jaw glgic 0x1000 &oydll Jios

volatile jga [.I.A

-20Upl G635 A i 38 kIl doud 9b aapicll volatile 3aaall pley

volatile unsigned int *timer =

(volatile unsigned int *)0x2000;
while (ktimer == 0) {

}

.Jongll oldac win pac haa gy g 05131 ey Ug ool Ug ayjall volatile yagy U
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#define UART_BASE 014000

volatile unsigned int *uart_data =
(volatile unsigned int *) (UART_BASE + 0x00);
volatile unsigned int *uart_status =

(volatile unsigned int *) (UART_BASE + 0x04);

i)l Jua 14 wgngo ga b olaull hyhas oglwll 13a gusls)

GPIO (16 pfadll iglac Jlio  E.C.A

#define GPIO_DATA (*(volatile unsigned int *)0x1000)
#define GPIO_DIR (*(volatile unsigned int *)0z1004)

void gpio_init(void) {
GPIO_DIR |= 0x01;

}
void led_on(void) { GPIO_DATA |= 0x01; }
void led_off(void) { GPIO _DATA &= ~0x01; }

void led_toggle(void) { GPIO_DATA "= 0x01; }

ali=)l o GUAr0Jl 6clpd O.[.A

int button_pressed(void) {
return (GPIO_DATA & 0x02) != 0;
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asm volatile (
"assembly instructions"
: output_operands
: input_operands

: clobbered_registers
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#include

int main(void) {

int a =5, b = 10, result;

asm volatile (

".intel_syntax noprefix\n"



"add %0, %2\n"
".att_syntax prefix\n"
"=r"(result)
"0"(a), "r"(b)
et

)

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

return O;
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#include <stdint.h>

static inline uint64_t read_tsc(void) {
uint32_t lo, hi;
asm volatile (
".intel_syntax noprefix\n"
"rdtsc\n"
".att_syntax prefix\n"
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: "memory"
)3
return ((uint64_t)hi << 32) | lo;
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asm volatile (
".intel_syntax noprefix\n"
"mov eax, %1\n"
"add eax, %2\n"
"mov %0, eax\n"
".att_syntax prefix\n"
"=r"(result)
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void write_stdout(const char *buf, unsigned len) {
asm volatile (

".intel_syntax noprefix\n"

"mov eax, 4\n"
"mov ebx, 1\n"
"mov ecx, %0\n"
"mov edx, %1\n"
"int 0x80\n"

".att_syntax prefix\n"

||r|| (buf) s "I'" (len)
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int x = 10;
int *p = &x;

*p = 20;
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int arr[5] = {1, 2, 3, 4, 5};

int *p = arr;

for (int i = 0; i < 5; ++i) {
printf ("%d\n", *(p + i));
}
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int #*buf = malloc(10 * sizeof x*buf);
if ('buf) {
perror("malloc");

exit (EXIT_FAILURE);

free(buf);
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volatile uint32_t *reg = (volatile uint32_t *)0x1000;
*reg = OxDEADBEEF;
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memcpy (dest, src, size);
memset (buf, 0, size);

memcmp (a, b, size);
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#define BLOCK_SIZE 1024
#define BLOCK_COUNT 8

static unsigned char pool[BLOCK_SIZE * BLOCK_COUNT];

static unsigned char *free_list[BLOCK_COUNT] ;
static int free_blocks = BLOCK_COUNT;

void allocator_init(void) {
for (int i = 0; i < BLOCK_COUNT; ++i)
free_list[i] = pool + i * BLOCK_SIZE;

void *alloc_block(void) {

return free blocks 7 free list[--free blocks]

void free_block(void #*p) {

free_list[free_blocks++] = p;

: NULL;
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#include <fcntl.h>
#include <unistd.h>

#include <stdio.h>

int main(void) {
int fd = open("example.txt", O_RDONLY);
if (fd == -1) {
perror ("open") ;

return 1;

char buffer[128];
ssize_t n = read(fd, buffer, sizeof buffer - 1);
if (n == -1) {

perror("read");

close(fd);

return 1;
buffer[n] = '\0';
write (STDOUT_FILENO, buffer, n);

close(fd);

return O;
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#include

#include

int main(void) {
const char *msg = "Hello, World!\n";
syscall(SYS_write, STDOUT_FILENO, msg, 14);

return O;

}

.&goaoll Glaphil (1é aoladiwl iy Ug ABIg pUAUL (pla walwll 13a

pUAI Glelai (1 chAll dalleo AL

.errno yollll pgioll (usig 1- ol &l doud elb Juudll gl Bale oAl Olelaj pai
#include
#include
#include
#include

int main(void) {

int fd = open("missing.txt", O_RDONLY);
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if (fd == -1) {
perror ("open");
printf ("errno value: %d\n", errno);

return 1;

}
close(fd);

return O;

.Juall Ggan asy OJJ.ULLO had (1gigog Auaii lhua JX) yuao erro pioll

exec g fork :Olloll clis]  9.1.9
towigha g0 23g0 yile Unix-like dalail (16 Gllosl cbisl aois)
.l adosl o dAuy cliul — fork *
-332 ol Aol §gn Jlawiwl — exec -
#include <unistd.h>

#include <sys/wait.h>

#include <stdio.h>

int main(void) {

pid_t pid = fork();

if (pid == -1) {
perror ("fork");

return 1;
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if (pid == 0) {
execlp("ls", "1ls", "-1", NULL);
perror("exec");

_exit(1);

int status;
wait (&status);
printf("Child exited with status %d\n", status);

return O;
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#include

pid_t fork(void);
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#include

#include

int main(void) {

pid_t pid = fork();
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if (pid == -1) {
perror ("fork");

return 1;

if (pid == 0) {

printf("Child: PID=Y%d, PPID=Yd\n", getpid(), getppid());
} else {

printf ("Parent: PID=%d, Child PID=%d\n", getpid(), pid);

return O;

exec UWlelaj abile P..9
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#include

#include

int main(void) {

pid_t pid = fork();

if (pid == 0) {
execlp("1ls", "ls", "-1", NULL);
perror ("exec");

_exit(1);

return O;
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#include

pid_t wait(int *status);

Al jpaa wlgslo
WIFEXITED(status) -
WEXITSTATUS(status) °
WIFSIGNALED(status) *

WTERMSIG(status)

ddoe claul juaul :Jlio

#include
#include

#include

int main(void) {

pid_t pid = fork();

if (pid == 0) {
sleep(1);

return 42;
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int status;

wait (&status);

if (WIFEXITED(status)) {
printf("Child exited with code %d\n", WEXITSTATUS(status));

}
return O;
}
Ollol el gwbdll hoidl  0.1.9
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dill dlosll el fork |
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#include
#include
#include

int main(void) {

pid_t pid = fork();
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if (pid == 0) {
execlp("ls", "1ls", "-1", NULL);
perror("exec");

_exit(1);
int status;
wait (&status);
if (WIFEXITED(status)) {

printf ("Child exit code: %d\n", WEXITSTATUS(status));

return O;
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auibjud uglic gl &udliall (ugliell &oqy -
Gllooll gu &laallg Ji=l Ay -
doclall cujall hilwgg abjall 651301 6ylal
&aliell Oleliiiwllg 8513l claal go Joleil
:J9a auanil Wlaal jgaoiig
(Locality) audaoll (uwaig RAM (o éalaiwll adaes :6clasl -

@y 8513 qul Jongll go wllasll gio 1Jjsll -
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aday Jongll clgal A :gloll -

6 Joe Jlaalg daan (uglic lelhd pea :gwgill &ils -

aualialll §<131 M.P.9

Aybpall 51 ge dylosll uglic clAd Jady Ualic pgean i (1d dualiall 8513
RAM 023 o pih pSl 9o bo WIe day (ola quahisl guglic clas gan dilae JS Jow
. Jagioll

:owlwly yags Yy .(Swapping) (el Ul Jlawiw Ul W@sla any aaliall 6513l (iss Ug

coligdl Olelag Jje -
5513l &laa -
8,513l G410 Lolaaiwl -

ool (w dhguAo a5 juo -

auAliall 65130 aunlwll oalaoll

adoell oly Jnio uglic Jao :graliall (ugliell claa -
(Cubglis 4 WIE) paall &uU auslial JiS (Pages): wlhaall -
L2l guai &ubjud Jis (Frames): alibbll -

bbb clkanll gy élgll @pai g :okanll Jglaa -

lgalll Al gi donpil Ll aic Glhs Olelitiwl Olhanll claAl -
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ge i ohdanll elhAl go wisa .oyl gl Jangll é9pall daan ha Ggan (isy Ug
.Copy-on-Write &Jglw gi «Ugalll ¢laiil gl «llall aie Jaonill

wlhl aie Jwoadl cglw :Jlo

#include

int main(void) {
int *buffer = malloc(1024 * 1024 * sizeof(int));
if (!buffer) return 1;

buffer[0] = 1;
buffer[1024 * 512] = 2;

free(buffer);
return O;

}

qled Jgng Jol aie Jy malloc cleaiwl aic dubpdll lhanll ganas U .Jiall 13 (n1é
&yl

&jailg granll pnbull P9

luy laag 65131 §jlal glipalic il laa (Segmentation) &jailg (Paging) y1aanll eudyill
. Jaiall pUAJQ A=)l WAL Al oWl b dwop Glaalg

graanl pudyll

.p22Jl Al wlang Ul 6513l gaantl adyll puud)

Gl gjaill (nely
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alaallg Jlagwll Jawy -
TLB 6)51ag wlhhan Jglaa culliy -

&baall doill (18 asludl &YUI (adnl éll A

.asallg . llwlg Spanidl Jio dxihio @hblio (il 6,513 &jjaill puuds
daslg &yl &y 4ags +
Sl gl o yulss -
(Wed) nanl péyillg (Logado) djaill gu dale dbaall &kl goas
aupoll aanl pudll Ul

#include

#include

int main(void) {
int *a = malloc(4096);
malloc(8192);

int *b
printf ("%p %p\n", (void *)a, (void *)b);
free(a);

free(b);

return O;

ByS13J1 18 Lo gl iz U apaliall uglisdl 9l
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6)513l (nSolipall paunall  EP.Q

g imalloc Jio prdiwoll clhd 16 olnnio pe C &L (b (_.ﬂil_..ou,!l” Al 3.0.;2
Blgil Jud o dpblo
tanAall g

dogsll &1ang wlily §lal -
Spus JiS JSib ke Jaseabuill plAT 30 851301 Calls -
&0l Jis)l pladiwl dale| -
:dio Wl pladiwl 65131 élgil yags Lodw
(doyad oluds) sbrk / brk -

(&ibaaJl &JDI) munmap / mmap

C 18 &ogS (anAs 1 Jlio

#include

#include

int main(void) {
int *arr = malloc(10 * sizeof(int));

if (larr) return 1;

for (int 1 = 0; i < 10; i++) {

arr[il iR

free(arr);
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return O;

.vanioll gUl Wisle] Jy «Jasalill pUAS Ul 85131 gyl §)9pAll, free cleaiwl (risy U

Jillg 85131 loa 0.1.9

.olhadnll gigiwe ile Glgil pladiwl (MMU) 8,S13Jl &)la] 8339 pe 8513 dlaa (Ah
@il aran J5 pwg %oy

bchall abla -
QU aLla -
Apail) abla -

8lgill gl Al clAd) dalio -

.alie clifiwl Ul (1ady Jail nlg
&loa dlail :Jlio

#include

int main(void) {
int *p = malloc(10 * sizeof(int));
pl10] = 42;
free(p);

return O;

&ylogll (naig Jugildll pé Jongll Jskibul plA; uus)
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6S1aJl §ins .P.9Q
-pladiwll ablall alaiall 8513)1 Julés Ul gauadill blosl (1385 oaie §jail Gany
JuAll gjaul
anniall Jis Jala a0 dalwo
olhanll pang élalaoll e aait -
g1l Gjaul
alnio pé @is) 81 G513+

d0g5)l Glanio gile (plia JSiiy pgy -

Syl gjanl 1o

#include

#include

int main(void) {

void *a = malloc(100);
void *b = malloc(200);
void *c = malloc(100);
free(b);

void *d = malloc(250);
if (1d) {

printf("Allocation failed due to fragmentation\n");
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free(a);
free(c);

return O;

85131 §lal 16 Glwjloadl JAal  V..Q
.aaalgll pladiwl wiki U (ganioll dolw peadl |
.ol il o ldla s .1
85131 3gan qla Jongll wiini P
.6y Kiall pailg (oAl aldoe Jla L€

.anniioll gl sl Ghliol) mmap padiwl .0

anlAl A9

85131 yagi . padimall clard olifog (Jusuiiill pUAIQ aligdl (w grdus ggles (1a 8513 §)lal
8513l Jled pladiwl go graanll audpll oXay loiy gwgill &1blag &ilaallg «(Jj=ll dualiall
-Qubjpall

eliyg (i)l aie aanll @ynillg «elall Julai o jghhall %0y OWI 03a) Gl paall ¢l
Copy-on- Jio doadio wlegigo gl JWil) owdll 138 guwdyg .d6gigo dalhil claoy
.6lgil JAla 64513l gjlalg NUMA. J5Lag .aX juiwall 6,513Jlg Write
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Ollasllg olalall Glalln  E€.9

8aa=io Jusuiwl dalil (14 Jj=llg gloll yagall gulwll ollesllg wlaladl alalln JXuiu
LD Julg ol 3a1g .clalall gul Jengl o) @2 go el (il 1ad . groaiiwal
cia 1 Jy Eybial Sl clallall aei Ug .anlll oliyioll Gl cllasll claly «llagl
Oleleaiwll) Jold 32 J5 aic @AK (2,9 Slgil JAls Jangly asaill ghio go Jolsio
.axolAill

ladplnig lalios 40)59 «ollaslly Glalall Glalln) Goghiog s byb awdll 138 gy
.C23 aolp 18 uanll oladiwlg

Jasaiiil dodasl (a olalall pgado  1.E.Q
:olaA) Juedul pUA; l@osdiug a5 il oliwl 16 Jgogly pSail (Al Glalall aags
Glill) @y apnoll pé Jongll gio :ayull -
@ apnoll pé =il gio :dolluwll -
aoioll Juheil 9 eyl gio @At -
63320 ©bgay Jleall lhy :@)cluoll *
e aloiel 8lgil hé (0 Jong Jlid JS oudy
(ohadl UID« GID) &ulasll aloicl oy
(IPC GWls .guwléo «lalo) (sl &slo -

auioll pllelllg Glalnll ol -
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oldlall culalln .€.Q
Unix. o daynidl doill (na .olalaallg olalall (Ul Jeongll &ax8 olalall aalln 234j
clisl Blgill Jid (30 (A «dnode Clly (16 &jao &y dsidl J<ib (le Glallall yaubs
.unlinkg execveq 0pen Jio dwolAi Wleleaiwl
olallnl olia
:olia GUY adpeo Glalln wlo JX cllioy

(Owner) ¢l

(Group) décgoanll .

(Others) ggall W

bl @lisllg Bl Glalln Jlliol aia JSJ <oug

olalnll ol

uizall oyl anllnll

alaall whgino (Are g walall (1gino belpd r oclyd

alaall gl calall (ngino (Jassi w als

alnoll jinl of caloll 348 X 34005

(s rwxr-xr-- (Juodl Juw gile

Jdol8 Jong :cladl -
A4iig 6clpd :degonnll -

nda delyd 1ogalll -
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1oyl o

: uladll jaoply WAyl clallall Juios <oy

4 = éclydll -
2 = aus) -
1 = : X ‘: ...” .

.754 doud)l (play rwxr-xr-- la cliug
olallnll Ahiwl :Jlo

$ 1s -1 example.txt
-rw-r--r—— 1 user group 1024 Oct 10 12:34 example.txt

olaloll Glaln e P.E.9
;inode Gy ¢&aay (13l chmod (olAil cleaiwll pladiwl lalall Glalls Jass
Al

#include
int chmod(const char *path, mode_t mode);

Jlo

#include

#include
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int main(void) {
if (chmod("example.txt",
S_IRUSR | S_IWUSR |
S_IRGRP |
S_IROTH) == -1) {
perror ("chmod failed");

return 1;

}

return O;

.(644) rw-r--r-- Ul ouallall Juol 138 hudy

wlalng llosl aloicl Gl E.€.9

Ol onds aie dlgil @oadiuws aloiel Gl Joai o Spblo cballn ollos)l cllios U

-Jongll
:adoe JS cllios

(RUID) (éuénll padimall oo -
(EVID) Jleall padiwall a0
(SUID) hganall wy=all -

ablaall olegaaoll olayeog

auosl aloiel Glly jané 1 o

#include

#include
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int main(void) {
printf ("RUID: %d\n", getuid());
printf ("EUID: J%d\n", geteuid());
printf ("RGID: %d\n", getgid());
printf ("EGID: %d\n", getegid());

return O;

adaell alaicl Gl e O.€.9
Lo filiol (i wed) bof Laila agawo clikioll jadid .alaiell Gl s dlgill M
ahupall Oleleaiwll

#include <unistd.h>

int setuid(uid_t uid);

int setgid(gid_t gid);

Oljuo Ul blaw| :Jlio

#include <unistd.h>

#include <stdio.h>

int main(void) {
if (setuid(getuid()) == -1) {
perror("setuid failed");

return 1;
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}
return O;
Iy
bl ol dwloo Oljlioll blaw] rs,
anll olalnl ol 1.E.9
Aaidl dolw pses anlh olib Unix olalo dalAil peas
anlall clallnll
cllaJl &ygay Aaraidl — (SUID) Setuid -
dcgoaoll ¢uyjgi — (SCID) Setgid -
a5 yuiuall Glalaoll (1é @ apnoll pé @iall gio — Bit Sticky -
anlll olidl hua o
#include
#include

int main(void) {
if (chmod("example",
S_ISUID | S_ISGID |

S_IRWXU |
S_IRGRP | S_IXGRP |
S_IROTH | S_IXOTH) == -1) {

perror ("chmod failed");

return 1;
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}

return O;

oualnl aioll )GDI V.E.Q

:ailill alall og . Olikioll aens Gled) dauuidl Clwll aal Glallall §lal cguw e
dhyao olaln -
SUID J (bl pladiwl -
Oljlioll blawl pac -

aisgall olalall go goll pé Joleil -

Glwjlaall JAaal  A.E.Q
Gljkioll Jél 1ao Gulai .l
oKoll jad SUID wlalo wias .M
50 Olilioll bldw] W
olalnll Olusi o Gl €

AL Glalla) (mgall @uéail .0
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anlAaJl Q.€.9Q

G8a)l paall a)g .Jong dhai JS aic blgill Jib o Gllasllg Glalall Glalla (Ayad
.ol dail ©laop il Laga ol (Al aclgag alaicll Gl Gaxig «ballall 23gail
{(Sandboxing) Jj=llg Capabilities (Jio doadio wlegngo Ul JWull) oudll 13a Juwdig
.Jangly gyuall asil olllg Namespacesg
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Oloajoll aroni g1a Goado LI

daopl ©le) hup 3l @akill Glaoy (16 awlwll clanadl aaf cloaoll pons s
ayanoll opaull doapy Gloajall pgdi .alie)l igiwo ylle guedll aill Joluly
(gl AdALo lhywg Jutas gul ol & 8jaub (] (C23 Jio) yigiuall dulle d<ly d,gi<oll
Aaaaiuw djloeo yile Maill Jld

alall 14 héwi o5 (G «Jaaig @l cusly Jiay s cloajiall aans pad i)
JXuiy gl ©gSallg «Jalally duwlwil pyalacll awdll 138 pady .leall Glagdss gile
-abaall Gloqpoel) ¢adll agasll

Spapollgalo  LLI

uile Blaall go (1giwo yuial Juios gul dyanoll dpanidl Jugaiy 0gé, aolp 9a paioll
.(IR) Unywg Lhias of ags <l gi (@raai a2l of I 8paui : il 9% adg . aolipl UL
: payiol) duwlwl AslnAll Jaudy

Julal gi apaiil) Julé JKub ] dyanall poll Jugas :daql ¢

adlallg &gl @anll o Gaadl tJudadl -

req
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agnpoll dglul puei g9a eaall gl elalll cpuwas @ cpuwail -

63320 &iyg &yjlosol épauill doclgo :dlaaiwll -

Al idg Jub Jugaily Juail phhgo Glaagioll jai (Oliudoll @UA (ileg

SOloayoll puoni Qwyas e LI
gl el jolaiy (b ©ayaq wlkd ely (ile Wloqjioll apons paid) U
alis)l o 6clas) Galgis 8pauh &S (ke acluy daayill pad elally (iegll |l
Wlag Ugaig Laaeo layngs cllan 63933 a2 JS olselll cliy .
ol pé doludlg Glpaailg Glwwaidl jpuay pajioll gl :elhallg Olpaaill pas W
Jrsuiill GalAilg eleaiwll ¢bdlaslg ABI 5 dhwpo Glaagioll :aakAill aaop €

Olaagiall Glids aaiei gaaall algalg sl ool :doadiall ¢lgall .0

papall Jac Jalo  P.LE

aaalgllg dwololl &anlgll : gl 6ale pindig .adx 6330l Jalodl o dlwlius pajioll Jos
Japwug Juies leaiw oy (GualAll

awololl aanlgll
bl ge Laiwo 1330 Wies jig janoll &) &ololl dasigl Jins

(Lexical Analysis) oasoll Juaidl .|

(Tokens) jgo; (Ul Wlaall Gaas Jugas *
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olddeilg oleldll Jaks -
int x = 10; — int, x,=,10,; :JUo °
(Parsing) (ngail Julail .M

aell aclgd §ag jooll ahais -

(AST) 62320 aéln épub gl Julai spand alil -
JUUA il P
glgillg wlélaill 33059 Clayzall hhy -
@90l pé a2l aclgd A4 -
Sl puleig jgodl Jglaa cliy -
axalall aaalgl

63320 &yjlaa) &34415 épaub Ul huwgll Jutodl &xalA)l danlgll Jgas

gl Judodl adgi .l
cawail .

Syl adgs .M
Spadll QAL L€

oaiol) auslwDl olgfall  E.LI-
yroasoll Jaoll

jigoy yul Al auuds
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int x = 10;

int y

X + 5;

adiio Ul (e iy *

doliio wles o gy Wie -

g1gail Jlaoll
ayonill all (A, *
Quul o A aclgd padiny ©

AST iy *

UL Jlaall
wlélhilg glgilll go @énn -
adlal claAall cauiis) -

joodl Jolaa pay -

dhyngll 8paniul aygs

‘Joino huwg Judos
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int

int

mov
mov
add

mov

X:
X:
[x],

[yl,

10 + 5;

15;

10

Oyt oo

owidilg olgall  o.LI
:dAAwl) olids e dbaall Gloayioll aoiey
auaiioll GUDIg dalAiioll ylil
LR g LL wlojjlga
lblg p5Ail Gaas Jalai -
SSA ollios ¢

Olall gaunAl pgul (uoli
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Jol &anil o (o LLE
:janoll

int main() {

int x = 10;

int y = x + b5;

return y;

THC J0y
Jroazall Julail |
AST cliy .M
QUL Ganil P
IR aJgs .E
cauwail .0

aulall spauivl adgs .0

anlANl V.LI-

aypaul gox gag UL 3aidl gul a2l GULA go graaiall Jugail claapall mons fng
.wgwhl &jloog Juziiwl dakail daopll Ol g (1giwall &AdAio dwaiall
«raazall Juadl (18 Grasll gngell Juwdyg dpedlgl olaqpall padl Jadll 138 ho
Opauill agig Japngll Juiaillg «(192illg
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(Syntax Analysis -- Parsing) (1gaidl Juaidl (.-

claing .doqpl ddoe (16 aull &yl dlagall (Parsing awl cagyeoll ((1gail Juaill JSZg

jgodl 03a cuip gl g0 @éaiig (oasall Jlaall ge 25l (Tokens) jgodl aai dlayall 0ia
-Qaopll a2l &ounyl &gaill aclgdll Glny

Sy JSub ile W 1opd Jutas ey pe golipl) &S 0l ayl elinily (agaul Jiaall pgd,
ool Yol 138 JXiiug .(AST) 83ja0l &ébnll Sjaub o Wy 1wy gsi Juios of Julas
Syl adgig «uwaillg (Ul Juail

19l Juail jga LI
&l Gldgduall (gaul Julail Joai
a2l aclgd) @Al jgoll Juluws gl o aSWI 8,910l aclgdll gApa |
U0 Ola cusly (1a jgoll uoai gl eyl ¢
a6 agaill olslasll aaas ielhAall ;<iodl iUl P

.Joall pad; (1gaill Jalaill glé (el (ale @ei glaasall Jaail gl 13]

Guudl o &I aclgdll [l

Context-Free Grammars -) @uull o Wl aclgdll pladiwl daopll Ol aheo mj.w
0 6acla)l (jgsisg .(CFGs

yroa=oll db.:)JI g0 doaldl jgoll (nag (Terminals): dulail jgodl .l
6320 &gai wlia (Non-terminals): auladl pé jgodl .M
&SIl 6ale] aclgd qlll aclgd P

JoIl 20Upl Jioy tdladl joy €
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Aulwn Olpuei aclgd Juo

expression - expression + term
| expression - term

| term

term -+ term *x factor
| term / factor

| factor

factor -+ number

| '(' expression ')'

.aunlllg ollagll diglgl e dalpn aclgdll 03a pis

6apa0ll dcbnll 6paub g Jdaidl b WLl

£06)9 .apail pé jgoll groa clla (14 loy (JAalW Jolsll (ngaill Ganbll Juail diaib Jias
a8l Jalpol) duwlio pég dlgho We @ild daida

Ul olalell had Kainig Sl dgail audl Jujia (AST) 6ajaall acbnll daub Lol
Qyagall

4%*3+2 :Jlio

H(@auno) Julaill 8yaib

expression
expression
term

factor
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number: 2
I+l
term
term
factor
number: 3
l*l
factor

number: 4

:ablanll 632001 &bl 6yl

Bpblo gl dllg ondidl iy AST JI Quses

192l Juail obagsliwl €.

QALY cliy ot §a9 Juladl ClyojylgA ol

Jawll Ul gilell go Julaill
JBapl Gléubl Jolayg &yladl joy o ggill 13 Tay
Q09 6chdll Jaw (Recursive Descent): (n=alpl Juaidl -
jool 0 k 332 dubidino 8y (ke aaiey (185 Jalas LL(K): +

gyl cleaiwll go aJA aclgd wglwlll 138 i



YoA

el gul Jawll go Juail

aylawl joy Ul 1ag=n jgogl o elail Julal ggill 138 (i
Shift-Reduce Parsing *
olell phgo dalleo (ile jaldg (1gé LR(K):

LR. e doild wlllao aiyanll C Gloayo padiwg

ollaoll olalgo  O.[LI

2495 Glgal padiw 13) Bl aclgdll (1 claall &ape Ugay llaall cliy Ay

Bison g Yacc

.aclgdll cdungi (o LA LR ¢ llao adgiy Bison g Yacc pgdi

Bison aclgd ¢po cja :Jlo

%token NUMBER

Toth
expression:
expression '+' term
| expression '-' term
| term
5
term:

term 'x' factor
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| term '/' factor

| factor

b

factor:
NUMBER
| '(' expression ')

oo

AST. adce clid adla Jeal hy 5oy

&gl clhAll élleo LU

. paAiuall &a5 o bl leja claall dalleo aei
ol joy guia Juhall jolui Panic Mode: .|
a2slill clhAll anla aclgd Error Productions: .¢

Jduail dlnlgog dhguAo éaleiwl Error Tokens: .

lhA 6aclb :Jlio

statement:
expression ';'
| error ';'

b
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Julaill (e alae Jio VL

:&yjanoll épauill
int main() {
int x = 10;
return x;
}
AST: Juioj

function_decl
return_type: int
name: main

parameters: ()

body
declaration
type: int
name: X

initializer: 10
return_stmt

expression: x

UL Julaill dlayo Ul Jakadll 138 Jyo,

Olwyloal JAaal  ACL-
Quuilo peg @anlg aclgd prani |
GUUA e Jdadl Jna .F
aloll Julail 6paud (ke AST JuAas W
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all apdei) duulio)l Juail dwojjlga JWial .0

anlAJl Q.r.l

al 4an (0 GaaL) 9ag . akhio (1o Jutas Ul jgodl (o Wai 1ass (rgail Juadl Jgay
.Ul JUaiwll &ojlul clalell Quwésg

padl ok papoll puny (Jalaidl Jwist gog .&éalll Jaloll guoa by aall (1gail Jlaall
ULl Julaill Jlao gag .olélaillg .glgsillg (ol
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sunillg panill adgs Pl
038 (14 .&oapl uwll ha (16 dawlllg astaul Jalholl guunilg spayill adgs layo Jios
huwg Juos gul 2ol Jgag «@ulallg dy9ail danll o §4ai aé pajioll 9% Ghaill
.48 oliwo Jussy
dyloea) dlleag dyan Al aub Ul Juiodl 138 Jiga (18 &aldll danlgl doao Jiow
-oludl i g9a el JLas gf elalll gdy Gliwuas guhhy go @dsaiuo
opanill adgi caaa L
sl 6l adgi ey

olpll Aol ile Blaal :ayUa)l Ganll |

dllall pilnd JULiwl :dy)jlosoll bclasil .r

Ja=i Jab 633210 Gljlago aca :Jail abla W

aalall aanlgll cwbi ha L

GOlod=il jwial
OlUawadl Ay 1
Olow=il dJgan P

ayilawl pauivl Al €
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tl =a+b
t2

tl * ¢

mov , [al
add , [b]
imul , Lcl

mov [t2],

Olowleil JWial R

aududn oladei (Ul IR aldac jghall 13a Jgay
‘huwg Juiod

:Joino x86 guoqj

ollhwadl s EPL-

syl Glawall (o 3gaa0 aae Ul ol (anAs

Olowleil dJgan O.H.I-

coladgil Judig (jlgdl guuni dldiuall clogledl iy dlayoll 03a e

RTITTENT B N At

Blieo i 92 opauill 6392 g4y yUl guuaill Waay
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ol il Jlo
tl = 10 + 20
t2 = t1 * 2
‘ol a2y
t2 = 60
anllAll V.-

poy o loag .yUed (13440 chlw Ul aja0ll juigall (uwailg épauill algi l:.lapo Joai
mm&oo}wewmmuchmqmno}auuame
.Adidn adlpnl oloapo dwaid (g &2 el (w Joldl hall ga Jalpadl oda glds]
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C23 b bauall 6aaxio daopdl LI

&iyaall daaill daop (18 &uwlwll B8 1 1aa] (Multithreading) bgAll 633210 daopll A
o0 ol cla gZayg .63alg dulac JAls (jlgill Josi 3441 Ghluo dac 3gag) powws 3l
i @il (ile Blaallg Aanlibl 6abjg gill 6aa=io lalleall (o alolS)l 8alaiwll
JheAll

&nop amalg dpag0 LC11 16 Jaal 13l gyheall gl a3ges gile el €23 Jnlgs
aroualaoll guwbl puwdll 138 pad, eduuiig laiioliog Joguall clivl dday 633309 dJgoao
.C23 plajiwl &leag duan hgydll 8a3=io olp &ls) dojlll dlosl Clidilg

bauAll 633210 daopll (roualaoll aagodl LI

Quai 18 gl gioa iy .63algll dlosll JAla Jdiue 3406 juuo (Thread) byl Jioy
awasoy hyd JS Kain laiy @Siolipall §513)lg dolell Olpgioll cli (14 Loy (uglisl clag
.Ul ouais Guwg

gl Haa=io daopl) duuil Lol Jouis

8aa=io &gil (ile dldiuo plao Aais :jlgil |
alallg Jhall Glloeg olwall gy Jaladl :ggasl clasl .r

Mo
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el (w Jolgd dall gga aubwl JSuall a5 juito :3ylgall &5 Ui P

Ao loyanig @an diolio il (alal aées 2o (il Lol 03a ol pé

il 8)939 bgudl cliul LI

e @gaao daop aauy loo ,<threads.h> duwgyill pe lhgidll §lal 63390 danlg C23 ajes
.aaliaall Glaioll

Al cliul

@aan; &la 38y 1y Uad @lhs qullg thrd_create &lall pladiwl hgiall cliv] piy

. paAll

#include
#include
int thread_function(void *arg) {

int *value = arg;

printf ("Thread running with value: %d\n", *value);

return O;
}
int main(void) {

thrd_t thread;

int value = 42;

if (thrd_create(&thread, thread_function, &value) != thrd_success) {

return 1;



Yy

thrd_join(thread, NULL);

return O;

Ll hAll 20 (uglisl clhrd ¢ juing «asliul jgé il huall ay

gl clal
&2l thrd_exit cleaiwl gi (Jgaall @l o &oyd glayl lol Al (i

int thread_function(void *arg) {
printf ("Thread running\n");
thrd_exit (0);

Al bgAll go aulalll dioljall (Ul Al elal (13§, U

aiolpodl Olslay  P.LI

“glulg (Data Races) Gl Gjlas uini dujgpa diolpall Gla BpS13l ¢ i byl ol A;
.ol pé

(Mutexes) @aliall Jaall

.gaaall ygall yul Jgnglh aalg lhyd) Ul aoww U ¢uny (Jabiall cladll Jabioll Jadll gaydy

#include

#include

mtx_t mutex;
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int shared_data = 0;

int thread_function(void *arg) {
mtx_lock (&mutex) ;
shared_data++;
printf ("Thread %1d: shared_data = %d\n",
(long)arg, shared_data);
mtx_unlock (&mutex) ;

return O;

.C J &S13)l 23g0s (16 diolio dhdig Jabio clad] dhdi Jasll cys

Variables) (Condition bpill Glpsio

JWALLL gl dGaldl 993 (o A9 pei (1n 6clas) JUALLUL bgAll bpill Glpsio Qo
NaYITH]

#include

#include

mtx_t mutex;
cnd_t cond;

int ready = O;

int producer(void *arg) {
mtx_lock(&mutex) ;
ready = 1;
cnd_signal (&cond) ;

mtx_unlock(&mutex) ;
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return O;

int consumer(void *arg) {
mtx_lock (&mutex) ;
while (!ready) {
cnd_wait(&cond, &mutex);
}
printf ("Consumer: ready = %d\n", ready);
mtx_unlock (&mutex) ;

return O;
-alleal) j1aal 993 Dl s npidl Olugio yags

gl (uaall Al E.LI

JS Olpeioll (o aldiwo A (Thread-Local Storage -- TLS) bguall ool ¢pjail yog)

#include <threads.h>

#include <stdio.h>
_Thread_local int thread_local_var;

int thread_function(void *arg) {
thread_local_var = (int)(long)arg;
printf ("Thread %1d: TLS = %d\n",
(long)arg, thread_local_var);

return O;
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}
Unall Gllag &idgoll gjlaallg «cadgall Al (1é &%) TLS padiuy
bguall a33=io0 polpll pani gnalo  O.LI
198 cus )i alsiie 99si ol Jud oo élSiite (na gl 63a2io daopll
ool jad &5 juiall &l Julds .l
Qg9 Ol &islo ayaas .M
Jlaicl Juall plaaiwl W
Jall wwp alhga wini L€
oA 8513 cwy alial .0
il adoll alacll olwa glae Jio LI
#include
#include
#include

#define NUM_THREADS 4
#define RANGE 100000

mtx_t mutex;

int prime_count = O;

bool is_prime(int n) {
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if (n < 2) return false;
for (dnt i = 2; 1 * i <= n; ++i)
if (n % i == 0) return false;

return true;

int worker(void *arg) {

int id = (int) (long)arg;

int start = id * (RANGE / NUM_THREADS);
start + (RANGE / NUM_THREADS) ;

int end

for (int i = start; i < end; ++i) {
if (is_prime(i)) {
mtx_lock (&mutex) ;
prime_count++;

mtx_unlock (&mutex) ;

}

return O;

int main(void) {

thrd_t threads[NUM_THREADS] ;

mtx_init(&mutex, mtx_plain);

for (int i = 0; i < NUM_THREADS; ++i)
thrd_create(&threads[i], worker, (void *)(long)i);
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for (int i = 0; i < NUM_THREADS; ++i)
thrd_join(threads[i], NULL);

mtx_destroy (&mutex) ;

printf("Total prime numbers: %d\n", prime_count);

return O;

&% jubiall Al ¢uaas sic had dioliall aig Udiue Glhi khua JS plle

anlAJl V.0

19iwo (ile diolizoll aopll Uganog Ljkeo Lulwl €23 (14 bbgall 633210 daopl g7
.2opoll 8Jgduo danll (ndy duwlwll olgall jagi péjg .dalailll

aicg .ol &flo blAilg S5I1al ai9)9 Awaidl GUAIY paa Jaoll 1ha gl wlai
Jsiws guweill abldg clall ddle Glaoy cliy go wlgalll 0ia GXoi Quan JSiiy @olaiiwl
.alols 6elasy ¢yaall aligll
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(Sockets) gwldoll pladiwl Ol

ne Jolgill go ollagll gXas 3] &baall dakaill olaop (16 Gwlwi Ga<o il ass
(POSIX Socket API) Juléall daalg pladiwl GlEuill 3455 €23 (16 .olKuillg saall
.plAIl (né aSuill guasal spblog (ngiwoll dAdALe daalg 1agi (illg

Ul Jalig «ULasUl cliul polpll aouy lao lalall audy 8lg; WIS guwlaoll Jolss
.ule ada auidl yylgall 8)lalg

Jwldadl s L

:alhwlg Wreg Blgdl Jud o jlai Juosl e alnéi gudall Jioy
cnolizll dlile -
Jwdoll ggi -
JosSgigpll -

owldoll danlg gile dole dai ..

#include
#include
#include

#include
sl ollos)l Jouis
socket .l
bind .

listen .
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accept .E
connect .0
recv/ send .1

close .V

huy TCP pal iglac Jio  P.CLI

int sockfd = socket(AF_INET, SOCK_STREAM, 0);

struct sockaddr in addr = {0};
addr.sin_family = AF_INET;
addr.sin_port = htons(8080);
addr.sin_addr.s_addr = INADDR_ANY;

bind(sockfd, (struct sockaddr *)&addr, sizeof addr);
listen(sockfd, 5);

int client = accept(sockfd, NULL, NULL);

char buf[1024];

ssize_t n = recv(client, buf, sizeof buf - 1, 0);
buf[n] = '\0';

send(client, "Hello from server", 17, 0);

close(client);

close(sockfd) ;
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anlAll  EL.

aanlgll gl péjg . Jasaiill pUA; (18 aSuill guaso go pbloll Jelail guwléoll daop s
Aolwg ylgall Glalg wlalll 16 Gouuo pe lsai pios @ils Eapag (igiwall &AdAio
.Jasll

Uyl &8log «aanll GlUag Blgdl Jelad) Eyda load €23 (16 ouill glis i
awindl dwilg Jacjgall dokailllg «oalgAl clid dyjgpd Gllaall 03d a=ig .clhall dallseog
clall adle
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ohuwll dalleo P

A 3] daksll daop (1o auulwll PSPE g1aal (Signal Handling) ohubll dalleo s
oleblaas Ghbll Joss . Jadil oA Jué o olus dioljio pé Glanl &lauwll dlosl
dalleo ala Ul sl Jaig gieuhll Aaill juo Gulei @isoy (Software Interrupts) dunop
clisf Uyyés aAn (il (1 olubl Jdas of ooy «lelitiwll of Jigall cleleaiwl guse (leg
Ligos awdll 138 pady .C &) (16 dighig daa el ol JST (o ke Lao pobpl uais

POSIX GUUag Juibidl oUA; gl (nle <50 (€23 (16 ohlbll dallea) lawAiog WEyda

Solubyl o LRI
YLDl Agi 289 .cueo Gaa G9an yile &Ual dadae (Ul 8lgdl alwy [UaAl subUl Jias
10
(©lddo &yalic Juacel) Jasuiwl pUA; -
gl ollac
:a2iliul Glall Jouivg
SIGKILL (SIGTERM :elaull Ol I
SIGILL SIGFPE SIGSEGV :claalllg Juacll .M
SIGTSTP SIGINT : padiall Jelas W

SIGUSR2 .SIGUSRI1 : pasiwall (po dayeo chubl €

&L 3 @aeo Joleill ag (uhll uaidl §aas Gl Ul &hadj
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C23 1o whuwll pca [

POSIX aalil ile Lol .<signal.h> duugl JUA (o bl Wwlwi laca ISO €23 iy
.sigprocmask g sigaction Jio gl psi olaalg acall 13 aao

9l oAl Glelas gl @ifall Jlga JAls Adiill ghlés adg (goliio pé JKiy olubyl ol
. paAiwall Spanh

il ohuwll P

ytisall | éull

(Ctrl+C) adnll (o d=hldo | SIGINT
Q)20 cldil cully | SIGTERM
(ainlleo (Say U) g1pué clail | SIGKILL
6513l Ao ué Jgng | SIGSEGV
yulua Uaa | SIGFPE
1840 claiil | SIGALRM
paAuuall (o dapeo éubl | SIGUSRI
paAiuoll (o dayeo 6l | SIGUSR2

signal plaAiwb auwlwll dalleoll  E.W.I

aulws aic oliio pé JSiy lleall greaiug .dieo Glbl plleo cuid signal Ala)l padiws
bl

#include

#include

volatile sig_atomic_t interrupted = O;
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void handler(int sig) {

interrupted = 1;

int main(void) {

signal (SIGINT, handler);

while (!interrupted) {

_exit(0);

ool sig_atomic_t Gils Jya=iy had E.m““ .
Ghubl ollleo JAla diol pé dufoll Jlga pheo

Jail ablal 6 ady)i JSuio o guiles signal daalg -

Tauals pé signal lalad  O.I.I

rauwi U @l LS .aalaill gu @Sl lihy 289 B$3gano cililo signal danlg jags
bl claa] (1é Byéa lokas -
Olelail Jusuins 6alel) lagigo Kglw -
ULl &uang wlly gl Jongll -

.sigaction pladiwl Ly Gualpal aahil aaopd
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sigaction plaaiwb doadioll Aalleoll .
-Qleall dglwg dailaalg «ohub Ul puls (14 lm;.n g~ sigaction daalg yagi

#include
#include

#include

void handler(int sig, siginfo_t *info, void *ucontext) {
(void)ucontext;

write (STDOUT_FILENO, "SIGINT received\n", 16);

int main(void) {
struct sigaction sa;

memset (&sa, 0, sizeof sa);

sa.sa_sigaction = handler;

sa.sa_flags = SA_SIGINFO;
sigaction(SIGINT, &sa, NULL);
while (1) pause();
:olanllo
Was cuny printf loiy SUbYl plleo JAla diol write &Il -

oull jano e ologleo yagi siginfo t *

subl Jong yria Maill §lei pause -
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ohwll oo Jala dwll Jigall V..

‘@io Hubll dlleo Jala JIgall o hdd 29an0 aac cleaiwl ao.u.x.;
write °
_exit °
signal °

sig_atomic_t Wlloe -

.20 pé dolw Ul (13§ Al dla (1l eleaiwl

ShubUl Jul AL

a0y DU Juul GSoy
#include
raise(SIGUSR1);
roblosdl gp o

kill(pid, SIGTERM);

dall Ghliollg OHUDUI claal Q..

82 @blio dlaa) lidgo GhubUl can ooy
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sigset_t set;
sigemptyset (&set) ;
sigaddset (&set, SIGINT);

sigprocmask (SIG_BLOCK, &set, NULL);

sigprocmask (SIG_UNBLOCK, &set, NULL);

-l 24) yuia @oglwy JA& B «waall aic olubl adas U

6a32io Ollbl go Joleil  I-H.I

void handler(int sig) {
if (sig == SIGINT) write(l, "INT\n", 4);
if (sig == SIGTERM) write(l, "TERM\n", 5);

int main(void) {
signal (SIGINT, handler);
signal (SIGTERM, handler);
while (1) pauseQ);

ohwll dlleo awoni aclgd LI
dehldo Guws olwll olllko &0 Jolail .|
dleall JAla 8513 (punds pac [

diol pe JIga cleaiwl pac W
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il ghioll go Jnlgill ollel pladiwl €
signal yile sigaction JrAaj .0

anlall Ir.R

189 . Jauiiill pUA; 20 §osy 420309 (1giall &AdAI dioljio pé pSnT aJl wlhubll yags
né Jolw gf «adgi wlla gl «ldbw Ul Woladiwl cgw (13g; Lo Wleg Sad i) d,98
.Lay20

On Balg Lnag Ba0=io dhluyg Lol lalail €23 (16 Ghubll dénanll dalleall lais
Slaoy cliy o GhUbUI GXos «aduw JSuiy Wolaaiwl aicg . (izulall 3,4iilg dhlaall Ghio
- Jasbiill Oling (Olpnaollg «palgallg «loadl Jio dlaiwll ey dolAsl
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(IPC) Gllagll (w Jolgil  E.I

plAj @yag) gl oWl gl (Inter-Process Communication -- IPC) Gllo)l gu Jolgil juiy
i U ool i layg . auaidl Guuisg bl Jals oo dlaiall Glloe)l (ufod) Jasaiiil
.Ollagll 633210 dodAil el dioDl 63ung)l dluwgll ga IPC jla LI.D'J..LQ' 9ol ann
Ll aclgdg «palgillg .ul;.u.:.o.oJl @A Wdyg Al Jsidl aaAil Llwi IPC 3.9.;
ulle C23 qolp (na p;a.u.u.: LS IPC oWl awdll 138 Ay .G jgoll aolhillg .olhaniallg
. pranill GlAlaog «lally @anll yile pS il go POSIX dakil

IPCS ga lo LE.I

0 o=l IPC X0y
bl Jaly -
Ol Ul Juy! -
ool 3jlgall 45 juio -

Blgill pe 1oy @iy Jnlgi (lg (Jolkly dlgizo Gllosll 9955 Jagiall guse (leg

IPC oWl (e dole 6fA;  [.E.
sagilill WD Jouiv

(Pipes) wwbll .|

(FIFOs) élowwadl gDl .M

Syl wlgh W
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&S yunall 6513l L€
Jwlaall .0

bl )

. pladiwll Glaig udeilg wlall (w dalido dljigo aJl J§ Jios

wwbll  .E.

.l-ol délle) 8ale dlagpo cllace g okl (ralal ey b bl yags

cwbll plariwlg cliul

#include
#include

#include

int main(void) {
int pipefd[2];
pipe(pipefd);

pid_t pid = fork();

if (pid == 0) {
close(pipefd[0]);
write(pipefd[1], "Hello from child", 16);
close(pipefd[1]);
} else {
close(pipefd[1]);



YAo

char buf[32];

read(pipefd[0], buf, sizeof buf);
printf ("Received: %s\n", buf);
close(pipefd[0]);

as punoll 6pS1a)l - ELE.N

o0 JSib gyl jag, o dubjpdll ddhioll guas gy Gllac 63=) &S juboll §51)l aouws
IPC. JKubi

.&yoll daypnll diolpoll .diolio i &5 puirall 85131 yagi U @ pao

#include <sys/shm.h>
#include <string.h>
#include <stdio.h>

#include <unistd.h>

int main(void) {

int shmid = shmget (IPC_PRIVATE, 1024, IPC_CREAT | 0666);

if (fork() == 0) {
char *p = shmat(shmid, NULL, 0);
strcpy(p, "Hello");
shmdt (p) ;

} else {
char *p = shmat(shmid, NULL, 0);
printf ("Received: %s\n", p);
shmdt (p) ;
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shmctl (shmid, IPC_RMID, NULL);

anlAll  O.E.

IPC aJi JS Quseig .cllogll 8aaio dalailll (madll agasll Gllasll gn Jolgdl Jioy
. Jilwyl ppasg & il 851301 Ul Gl Olaass (o bl Jald) daliaoe dawla

. Juall glaglg dioliall aclgdg Sloill Wglwg daopl claalg) ae laad IPC glas] wliai
ol — 8,989 b0y weil) Ll Clylaso iy 4o IPC oXoy @uan JSiy aolaiiwl aicg
183l udeillg 8,831 claall jano (Ul Joaié «oladiwl delw| aic



cpnilg ool I Jnall

dioll daopl Glwjlaall JAaal LI

dann by Obaop &S (Ul baay Lu.um Lbh.cul (Secure Coding) aioll daopll Jios
A2d8gio pé a4l Olhlog (Qivd OUAI0 3gag Y18 yuia pladiwll 6cbwl dogldog (&ixiog
dauiis jals b W gy -héd aalg lad o ol clalaapl Lis Lo hab &iaall donill (ia
G20 pe Aol danlg pé aklo laio aaio pe GUALD dpeall Glaliall (o dludu)
olaliall oda gosi gl way (€23 Jio (igiwoll dAadsio olkll (1ag .abhydo Glalln gl

laac d0009 daypn
Jolall (o dcgono yao U Laaio Lwaia Laio @ang dioll daowl awdll 138 p3d

ouoni 1awos dioll aaopdl  LLIC

daAlg 4aj agan) Glaopll proni cllai Al .8paub Paw (i &S Jud dioll daopll s
Gy JAdo JS oly drelds olAliblg dayn &islo aclgdg
:auwlw Dl ¢naldl Joais

aalg yand gile golll aniey gl Ly U — olddnll aasio glaall ||

rAV
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difa0 &l (b olglall i — clallall go jad Jal .1
alowdl U (Addl qul elnalll (nags o oy — @lizall Juiall W
aiol cslaaall of 1] gayas U — daypnll @4l agan €

ytiol YA @yeoll pé cglull — dedgio Juid blail .0

C 2olp 18 il ol [.LIC

unaio 890y asia) guwlwi pol 8))<ioll el Wlinl pad

il aew jolas
loo «d@nanioll §513)l agan &SI Guloe jglais boaie (Buffer Overflow) asudl jglas ¢any

Audiill §aai (ile Sl pouwy adg églaall BSIAN callil Ul y13d)
: caxaAll Glawlpiwl

(strepy «gets) 6agaanll pé Jlgall cuas -
4oy agan (pgad el -
(-D_FORTIFY_SOURCE) pajiall (uani Jaeds
Johl é5)30 daop olaalg JuAas

g0 i s 1l

#include

#include

int main(void) {
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char buf[10];

const char *src = "Untrusted input";

strncpy(buf, src, sizeof buf - 1);

buf [sizeof buf - 1] = '\0';

printf("%s\n", buf);

Qupall el A4 aie hda §aaiy ololl daslay aiol cuwy strncpy &)l :daao ahallo
.pladiuwll (o agndall paadg
¢l Olped

abla dpanb gi «lowlss gi polgl Wil yile ddgigall pe Ul uas baic Gaall Olyss biw
. e A ~ .-.I'
s Al Oawlyiwl

OlAsoll o plall ganil -

&3040 Olaluw (16 ddgigall pé GlAIl 203 pac

opidl eleaiwl (le aliamoll ol@algll JuAds
J1elaa polgl eliy 1o

#include

#include

int is_safe(const char *s) {

return strpbrk(s, ";|&$") == NULL;
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int main(void) {

const char *input = "hello";

if (!is_safe(input)) {
fprintf (stderr, "Rejected input\n");

return 1;

printf("Safe input: %s\n", input);

a2l elhAlg 8513l Ly

©load Ul Joaw adg dalaic Ul jgasi gul il a2y pladiwll ciaiig 8513l Clpus (1385
:cauaail Gbagliwl

agHgy &usloll aclgd ayany -
ndd 6aalg 6p0 6,513l Ay
il dduh guai g1 ppilly il by -

pahil sl Janall algal pladiwl -

#include

int main(void) {
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int *p = malloc(10 * sizeof *p);

if (!p) return 1;

free(p);

#include

int valid_id(const char *s) {

for (; *s; ++s)

lBndisg wliArall go @aaul  W.LIF
LAl lae (1ol Jaao J5 licl woy
wloll phw elloleo -
gl Olpio
asuill olly -

IPC lnilwgg clalall -

clAyll dosld)l e pild Gani tJuo

if (!isalnum((unsigned char)x*s))

return O;

return 1;
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dioll Aol olalacll  ELIC
Ayl ualiall dgludy J Jadé dpapidy (grioll gagll aaay I
680 Glalo Glgal -
ayiall Ol Juhss -
dalpn ©lgSgigpll jLial -
de8gio (Jusuiu ey & -
62160 Glalo wlgal :Jlio

#include

#include

int main(void) {
FILE xf = fopen("secure.txt", "w");
chmod("secure.txt", S_IRUSR | S_IWUSR);
fprintf(f, "confidentiall\n");
fclose(f);

Ologleall (upuig clhAall dalleo  O.LIC
.£928 alhuw Jios lnall Jiluy
olala)l oo uns cuini -

6513l (pglic jlah] cuiny -
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oAl ollaw ge padiwall Jilwy Jna -

#include

int main(void) {

FILE *xf = fopen("missing.txt", "r");
if (1f) {

fprintf (stderr, "Operation failed\n");

return 1;

wlgall alwlwg papoll cunai LLIC

.lgalll Al pea (ile s JLiiy C ol anisy
(Stack Canaries) gwasall gula *
AddressSanitizer *

UndefinedBehaviorSanitizer °

- Jasrbiill clish Lo el W cpolll UAyay

Glwjlaoll JAadl palo VUL

Liol WA ajoll pé cgludl picl .|
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ayall OlAal goa go Gaai .M
G0 posllg &slall Jeal W
Gudail) ALl dauudl Gl JAaa L€
69&y papodl (pnai padiwl .0

paub paa ealaall gl apal

anlAl ALIC

6393009 «&bgiAng o Alea Ul Jy blaoll cl&)] Ul Waas U €23 (16 &ioll daopll
ool 1ag) o ga blaill o< Sgdll a2l jags

joholl Joaiy Waice elal (lely Glol dakaill 8T gw go C a2l agifall poll Jis Ug
-Juirdll elaglg aganllg danll e alolSl dJgduuoll
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Spanill cuwni Glids LI

Sclasllg welall guuni (Ul Waay grwaia buail ga (Code Optimization) dpauill ¢uwuai
«ngioll AdAio dolaill daop (1d . polipl &xSglull LD i 93 3ylgoll pladiwlg
-&waill &4bldg bl JUanwlg il Jasog Glkiwll goj yile Bpbluo il 58
duoyag « payiollg Qlleall d4lSil 23gos pad Jr s Jin pladiwl guuail (isy U .C23 (na
.51l

Spauill Quuay (1é doado  LOIC

ule Joll Blaal go (olidl cliely G513l &5 ag Auail oj Julds Ul uuadl Wady
.ailall ablag aanll

1 Jl=dl guuail) duwlw Dl ¢gnaboll
04T 320 gulid 993 Guuanll — Dol gulyal |
ainlwl Ohlwall gile uS il — Ued pay lo guuns ¢
WAL Oliwual o vasl 3 dbanl Gloajiall — papall plal W
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gprof pladiwl Juall :Juo
#include

void f1(void) {
for (volatile int i = 0; i < 1000000; ++i);

void f2(void) {
for (volatile int i = 0; i < 500000; ++i);

int main(void) {
£f10;
£20);
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gcc -pg -02 prog.c -o prog
./prog
gprof prog gmon.out
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for (int i = 0; i < n; ++i) {
int limit = n * 4;

ali]l = i < limit 7 i : limit;
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static inline int add(int a, int b) {
return a + b;

}
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for (dnt i = 0; i < N; ++i)
for (int j = 0; j < N; ++j)

sum += ali] [j];
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struct __attribute__((aligned(16))) data {
int a;
double b;
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int binary_search(const int *a, int n, int key) {
int 1 =0, r=n - 1;
while (1 <= 1) {
intm=1+ (r - 1) / 2;
if (alm] == key) return m;
if (alm] < key) 1 =m + 1;
elser =m - 1;
b

return -1;
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gcc -02 -march=native prog.c
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#define N 100

void matmul(int A[N][N], int B[N][N], int C[N][N]) {
for (int i = 0; i < N; ++i)
for (int k = 0; k < N; ++k)
for (int j = 0; j < N; ++j)
Cli][31 += A[il[k] * Blk]I[j1;
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[[nodiscard]] int compute_value(void) {

return 42;
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_BitInt(128) counter;
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#include

errno_t safe divide(int a, int b, int *out) {
if (lout || b == 0)
return EINVAL;
xout = a / b;

return O;
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reallocarray :Ulol 1s1 64513 oylal
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int #*p = reallocarray(NULL, count, sizeof *p);
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strlcpy(dst, src, sizeof dst);
strlcat(dst, suffix, sizeof dst);
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.thread_local plajiwl hgall (laoll (ujaill UUa C23 ahAg,
thread_local int tls_counter;
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dolell daopl Gliyuns
.abaall blailll (na Jaal aloail go glgilll dolell cigySlall gulwll _Generic JiAs

#define print(z) _Generic((z), \
int: print_int, \

double: print_double) (z)
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char dest[20];
strlcpy(dest, "Hello", sizeof dest);
strlcat(dest, " World", sizeof dest);
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reallocarray
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int *p = reallocarray(NULL, count, sizeof *p);

-l gloll wihes o &x8480 did Al 03d lles

dinog Aango olaalg  K.CLIW
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FILE *f = fopen("example.txt", "wx");
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gets Jlauwiwl

fgets(buffer, sizeof buffer, stdin);
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tmpnam Jlawwl

char template[] = "/tmp/fileXXXXXX";
int fd = mkstemp(template);
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[[nodiscard]] int compute_value(void) {

return 42;
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#if defined(__has_c_attribute)

# 1f __has_c_attribute(nodiscard)
# define NODISCARD [[nodiscard]]
# endif

#endif

#1fndef NODISCARD
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# define NODISCARD
#endi f

NODISCARD int compute_value(void) {

return 42;
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char buf[100];
gets(buf) ;

char *name = tmpnam(NULL);
Ani addlgio pé épauill oda

s
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if (fgets(buf, sizeof buf, stdin)) {

.63120 gl dniall (ile 63aio diddoll Glalall éjlal gosi i way

aoll gh @algill Glujloadl Jaal — V.W.IP
ango U Jade Jueall picl .|
Janll ge Jaill (A dioll pe olaalgll Jaguwl ¢
Ghlanll guoas U olipodl wliusl pasiwl P
a=ll jahi e Jadl abld blkhd Jnal .E

épauiul &S 8alel Jud olgall Jwlw &ia .0



IV

AnlAl AP

ajjes b — Ca) C23 pus) U
¢yaap alowl o Eosldll darill jhaiwl oy Luwlwi baons (36 (alall Galgil iy
Wisig il ungsg «omunbal) lyunns Jy &S éale] cuuy C23 (Ul &ubydl . Qugjang (1237

Luwlio el glS Laka Llol i bhlasl
JalAsllg spall s oSl Jo — Awis U C g1a 63yl yauiul



Al Olwlhag ddoell Olauhil (€ Jaal

alnyuy Qi pUA 6lgi el LLIE

daopll 18 j:lp"!g Wiy auladl i5T oo (Operating System Kernel) Jusii oUA; 6lgi eliy P
Glélasly BySIall huhdsg alleoll 31415 glagll Buda laad cllap 3l .ngiwall &AdAL
ol Glgall Jwl dglwg gl G@algg .clexiwll

2059l 98 Wadll LAl Ju2iy pUA Cuy Sy2ao0 &ouss 6lgi awall 138 pady
Freestanding) dldiwo din (16 puan JSiy C23 pbhaiwl &as jlabl  :ygoualaoll
Qi) dAbhgiAo (giwoll &AAdAID dpaub pe aliell go Jelail go (Environment

(asle cuuy og) Jasibidl oA 6lgi (@ Lo LLIE

g1o asail e dgduall (nag «plhl Well uliloll 13 wldll ia Jasaliill pUA; blgs
Aulwll olagail pagig tell yul Jgngl
:aJl plaall 8lgill (U daygn ki (14

aaill glagl gjlalg plleall (16 oAl -
@ilaag 6513l luaAi -
Oleliiiw g ulehldoll dalleo -

FIA



\RR!

Jasaliill ol pe sl go Jelawl -
a0c dxouleill 8lgill 03a Jalais

pajiwal Gllosl -

aAlpall a1 -

wlalall dodAil -

plaall daej -

.3gndo JuA ia abluyla

olgall alwling pghil aw  .LIE
pUAT 3929 Ayay U aagiall i (il .(Freestanding) Jéiuwo daay aagas 8lgill pghhi culihiy
Auld Jasls dip Ug Jaiis
a0l ollhhio
(-ffreestanding) aldiuwall C poea -
hul dlapoy qupn pSA -
libc yule alaicll pac
L A0 QuAgs
olaiol Iple lagio yui U gee-multilib
daliao &jloeo Wadiuy (Laudall plell papell

x86 uile unll clil 1as) doules galel -



Y.

slSlaoll diy
.ol JSiiy Mgl 8lSlhn) QEMU padiu,

sudo apt install gemu-system—-x86

Auduénll sl sile @yeall pé dolull cli gioy
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BIOS: uile éaaizall &;a81l X86 dokAil (14
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[BITS 16]
[ORG 0x7CO0]

start:
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cli
Xor
mov
mov
mov

mov

mov
mov
mov
mov
mov

mov

int 0x13

jmp 0x1000:0x0000

times 510-(

dw OxAA55

b

b

0x7C00

0x02

1
0
2
0

0x1000

)
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#include <stdint.h>

static volatile uintl6_t *const vga =

(uint16_t =*)0xB8000;

void clear_screen(void) {
for (int i = 0; i < 80 * 25; ++i)
0xOF00 | ' ';

vgalil]

void print(const char *s) {
while (*s)

xvga++ = 0xOF00 | *s++;

void kernel main(void) {
clear_screen();
print("Hello from C23 kernel");
for (;;);
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olAUI g elisg byl LLIE
.33 63330 (uglic (14 laeigg dlgll by

gcc —ffreestanding -c kernel.c -o kernel.o
1d -Ttext 0x1000 --oformat binary kernel.o -o kernel.bin

cat boot.bin kernel.bin > os.img
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gemu-system-x86_64 -drive format=raw,file=os.img
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struct idt_entry {
uintl6_t offset_low;
uintl16_t selector;

uint8_t zero;
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uint8_t flags;
uintl6_t offset_high;
} __attribute__((packed));

Jauab 3 wlhisg &jlaeall dhgpo oleblaoll dalleo

Allocator) (Bump 6y2no dogs

static uint8_t heap[1024 * 1024];

static size_t used;

void *kmalloc(size_t n) {
if (used + n > sizeof heap) return O;
void *p = &heap[used];
used += n;

return p;

il peas Ug lxoc 6392320 &0gsll 03

drodleil (1gill Olwjloodl JAadl  Q.LIE
ail e lnb gapas U
Witd lna @ajeall pé dgludl picl ¢
ayjlozaly anll pauill Jnal P
ol gile agagll paé L€

Glipo dalal Jub 6glad JS o Gaai .0



rro

anlAl I-.LIE

ox Jdoldl aall pad (Ul Jo (Jol8 olAai cly Ul wads U dpeno Jasuis olAs 6lgi aylis
aligllg Glaopll

aldiuo C gy goall JUA gog a9l alens Js ol o Jawi sigyl gk €23 Yo
us_ooabJUIdocomﬁJLom:LaanJgthluuui:.mhmobwgmmopuugohmm
granll gyl ‘loads usi gl @ADL e clidl Soy duln 6acld dwlall oda Juuwds
blAilg aab olalleall 3a2ig «olacll aasig



(ot B

ngLLui pApo paonni [LIE

okl daop (16 @54l &l go Iudss plaall gSi o (Compiler) pqjioll puons re
LB ngiwall AdAie Juai gl dpiul 8chall ablal dyanall spanill Jgay eagialla
&6 &2l aclgd Gunig aobpll (rizo (ile Blanll go &I (le 3uaiil

«auaill gule (nabi] pajio cliy gud €838 .and ge laiwo oyles laayio pwdll 13 prd)
.29Ag; alalay bl §aasg pajioll duy apub J

Suled ool aledy (nalilo  LILIE

Wiios cllaiws alap JS .1aa 8330 (Pipeline) Jalo alwln o daalg Lugas gu pajioll
10 pajiol) (1alail apbll ha 9ok

(Tokens) jgoy < il — yroa=zall Juail |
(AST) 6220 duy Spub +— jgopl — (1gail Julail ¢
daguito AST < AST — (Ul Julail P
IR <— AST — (IR) lruwgll (Juiadl .E
@il épaub + IR — dpanidl adgi .0
@il épauill gi IR yile &yl olhgai — Cuwadl
rduwlwl anlA
il o 8ublio &YUI spapill Algs U &udadall claqyioll
Qy9pa dhpwgll Glldadl

sl 16 pgadl Jid @aan alago JS 99 of -
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pohill iy .rUIE

.lgalll 14 hgragg Wle Uabail Ll aif) lola lalic Gloagiall pghs iy U

Olgall aludw

& pei U ais) glgill agrnigg clayuinl €23 guwai .C23 pecay pajio 3939 (14s)
.Glaagioll

sudo apt install gcc

(gWial) ool Glajgo

Al ollhio cuudg 6acluo ¢lgal 1@ Bison g Flex (Jio lgal
day90illg &ransoll Aol cliy Cuaids -
pajioll &y AU -
JollL dy93 wlllho &S Loy -

Jnda auoules (AleD U padiws

groasoll Julail  P.rLIE

el (na jooplg .(Tokens) jgopl o dludw (Ul wWholl dlwlw groasall Juail Jgay
a2l (na (ol Gla Glaagll
:jgoyl (ile aliol

6jganoll ool -
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(Flex) yroasall Juail cang

3t

#include <stdio.h>

h}

hte

"int" { printf ("KEYWORD(int)\n"); }

"return" { printf ("KEYWORD(return)\n"); }

[a-zA-Z_] [a-zA-Z0-9_]* { printf("IDENT(%s)\n", yytext); }
[0-9]+ { printf ("NUMBER(%s)\n", yytext); }

[ \t\n]+ ;

{ printf ("UNKNOWN(%s)\n", yytext); 1}
b
int main(void) {

yylex();

return O;

. 0

192l Juailly pgé) U graasoll Jlaall
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awl (e U blosDl (1le @yl +

839330 9955 Ol Loy dlapoll 03a (1é clhalll dalleo -

19l Jdadl  E(LIE

.05 6pann g (AST). 6320 du 6D

(Bison) aclgdll cqyyei

yAl
#include <stdio.h>

%
token INT RETURN IDENT NUMBER
Toth

program:
statement

b

statement:
declaration

| return_stmt

b

declaration:

INT IDENT ';'
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return_stmt:

RETURN NUMBER ';'

b

Toth

int main(void) {

yyparse(Q) ;

return O;

sl juos
&l 338 (ngaill Juadl -
glaill o gani U -

opaub agy U -

Ul Juaidl - O.LIE

aic el 0309 gaill 9oy U (1l &2l aclgd (UL Juladl (A

:8ale ailgduuo Jouis

glgill o ganil -
olélail lal -
olaall hy -

plaaiwll Jad ypaill glod -
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#include <string.h>

#include <stdio.h>

typedef struct {
const char *name;
int type;

} Symbol;

static Symbol table[64];

static int count;
void add_symbol(const char *name, int type) {

table[count++] = (Symbol){ name, type };

int lookup(const char *name) {
for (int i = 0; i < count; ++i)
if (strcmp(table[i] .name, name) == 0)
return table[i].type;

return -1;

:ahallo

AST le Ul Julaidl Josy *

&975 clnAl cuug @g) clnAl la clhAall -
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huugll Juiedl  1ILIE
.aJDI 8pauivlg AST g (IR) Unyug Lo aiyan)l Glaayiall JAas
IR: ajlga

dylasoll e dylléuwl -

opaull adei s

polsl aslls 6paun :Jlo

tl =5
t2 = 10
t3 = t1 + t2

.6320Jl acbnll bl (o Jugaily Juaill Jawl JKuill 1aa

spauill adgs  V.CLIE

@027 S 3gi (1as) Gypogler GAleD .Waall anla dpaub (Ul IR JI épauidl algi Jga

#include

void emit_add(const char *dst, const char *a, const char *b) {
printf ("mov eax, %s\n", a);
printf("add eax, %s\n", b);

printf ("mov %s, eax\n", dst);
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1 PA0 QuAGS
haa (1wAgs AlAl 1aa -

ABIl ulaalgg clerxiwll OLAlAL ojily gi oy Adidn]l Oloqyioll -

cuunil  ACLE

LOUUA le Blaall go IR JI bl guunill ogd)

culgill b o

int fold_add(int a, int b) {

return a + b;

.aagpe0 ol culs 13] d&oqpll (o) doudll 0dda ol payol Koy

:auwlwl 630l
agnpoll doludl cpunail pey Ui way -

clall @ danll -
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C plaaiwl Device Driver jlan Jasuii golp i P.IE

Josy .danilll daop (14 Wy paall ST o (Device Driver) jlaa Jasids aolip &S e
Ul Jabiill pUAS Olagpas papl cun alielly Glaopl gy Jolall 3l aie Jueibidl 2ol
J@al gle Aded Slloce

Linux Character Device) guSiy (16 oo jlan Jasais olp Lyculsv Do ouwdll 13a pady
dylasall gnaboll Yl (gusiy 8lgi wlaaly (ke aaisy 3aill i go péyl gileg .(Driver
bl Jaaiiill dolil graa 16 Jasaiiill poly gile @unis

Sled jlanll Jusuis polp galo  LIIE

Juse gileg .¢alie jlan gl Jongll huwgis dlgul Jala Jowsi dpaub ga jlaall Juuiss aolp
:Jaseaduill ol Lo oaAtuall clAd olp

d=ajpo wljliol Josi *
2o pé JSiy 38l oaay ol Jheis Ul gy
auwlall C &ifo (ke alaic Ul @isoy U -
apll Glaopl gl aliwl 2o épblo Jelais -
:auulw Ul @ilgdwo Jouis
alhuAg jlaall il — auall |
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aioljioll pé Glaall Gl — oleblioll dalleo .M
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Jasuibuill pUAS ile a5 Jyiidll poly -
Hosted C <y 6lgill (1 C &) C23. den pladiwl, aowy -

6360 C daa) gusiy blgi padty -

pohnill diy  [.IUIE

lgill &y &5)a0 lgal dlwlw Jaedwl polp pglas wiliag

Oluwgyllg Glgall dluulw

sudo apt install build-essential linux-headers-$(uname -r)

adala)l wilaalg wyes 6lgil Gluugy *

&alS pé pasiwoll clhd oluugy -

(Yyial) 8lgill &yaui

‘aianillg padll a0 6lgill dpaub (ke glinll

sudo apt install linux-source
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:@iliol (pog .dokio pé cub Ol wWlholl éj@aal pagi
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awAliiall sjaa i -
£5ail wlaalg -
lgjAs gulg — 3525 320 138 <) /dev ciay olalos padioll cliad (16 &aalll oza (A
Jasill Qolp auy  E.MLIE
10 by @lao Jasais aobp 995y
8lgul (1) A |
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allill aie yylgall pjai P
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#include
#include

#include

#define DEVICE_NAME "my_device"
#define BUFFER_SIZE 1024
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static int major;
static char buffer[BUFFER_SIZE];

static size_t offset;

static int dev_open(struct inode *inode, struct file *file) {
pr_info("device opened\n");

return O;

static int dev_release(struct inode *inode, struct file *file) {
pr_info("device closed\n");

return O;

static ssize_t dev_read(struct file *file, char __user *ubuf,
size_t count, loff_t *pos) {
size_t available = BUFFER_SIZE - offset;

size_t len = min(count, available);

if (len == 0)

return O;

if (copy_to_user(ubuf, buffer + offset, len))
return -EFAULT;

offset += len;

return len;
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static ssize_t dev_write(struct file *file, const char __user *ubuf,
size_t count, loff_t *pos) {
size_t space = BUFFER_SIZE - offset;

size_t len = min(count, space);

if (len == 0)
return -ENOSPC;

if (copy_from_user(buffer + offset, ubuf, len))

return -EFAULT;

offset += len;

return len;

static struct file_operations fops = {

.owner = THIS_MODULE,
.open = dev_open,
.release = dev_release,
.read = dev_read,
.write = dev_write,

};

static int __init driver_init(void) {
major = register_chrdev(0, DEVICE_NAME, &fops);
if (major < 0)

return major;

pr_info("device registered with major %d\n", major);
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return O;

static void __exit driver_exit(void) {
unregister_chrdev(major, DEVICE_NAME);

pr_info("device unregistered\n");

module_init(driver_init);

module_exit(driver_exit);

MODULE_LICENSE("GPL");
MODULE_DESCRIPTION("Educational character device driver");

dJuoailg ol 1PLIE
-alolell gl Juldo dlgill Glang pays

make -C /lib/modules/$(uname -r)/build M=$(pwd) modules

sudo insmod my_device.ko
:ahnllo
dpblo gcc padiuy U -

ABI aalgg pllell p%Ai, 6lgil cliy pUAS

j@all sl V.PRUE

Sjlanl 6ade clivl as



sudo mknod /dev/my_device ¢ <major> 0
Huall

echo "hello" > /dev/my_device

cat /dev/my_device
. a0
olgil Jlga yreaiws Gsllg 6clpdll Glloe -

libc (o Jlga gli pnuuj u-

Olehldoll dalleo  ALIE

.Olehlaall pladiwl Glaall gl gaabl puis o Wie

dehldo plleo (ile Jlio

#include
#define IRQ_LINE 17

static irqreturn_t irq_handler(int irq, void *dev) {
pr_info("interrupt received\n");

return IRQ_HANDLED;

static int __init irq_init(void) {
return request_irq(IRQ_LINE, irqg_handler,
IRQF_TRIGGER_RISING,
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"my_device", NULL);

static void __exit irq_exit(void) {

free_irq(IRQ_LINE, NULL);

:auwlwi aclgd
aypw Olebhlaall ollleo j9si gl way -
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olwlwll e Al Ghio Jnal P
clalll yle ablwdl JAa €
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diooll dodAill daop  ELIE

als e K panAs y1@ (Embedded Systems Programming) dioAall daoill daop
a0 gl awbas dalail JAla diado dnnaio duwga wlaag yile Josi gl Glaopl
@hga S513l 18 doln agé) dinAnll dalailll @AAT dolell cuwlgall gule (leg . pSi
095 Olanhil go yaell by .adlall duliwo Weg @lall/Jhall doin yase (pllsall
lo «(Safety-Critical) Gollull ¢ua (o @/ 9 (Real-Time) dududa duioj dioAaol Ghaopl
.clall jady cuicao aduidlg aanll Jeay

pladiwl diaall daill pghi dakhilll daop (gimo (e Wlac hghio puwdll 13a pad,
Freestand- y9%i Lo 6ale (Firmware) &ull Gbaopl :¢uaga juos w85l 20 dieapo 4215 C23
Joylg cliJl Q3gas ol LS — alols auwlid &uifo (j9ag ddlAio Jaeil diy (g9a — ing C
«cuifoll plw aoly ge bj3a aliay eaig

Saiaaall dokaill oy (nllo  LELIE

@lang :lailiol (409 .&ug6 3gud a5 plaoll (o ddws degoaao clall ool okl pons
OligpsIPlg (Olwlwnll wlaagoll dulnll siaa Ul drclinl pfail Glaag «hlwwl (1a el
S Uanull

:auwlwll _nilnA Jouls
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alaao g (Hard Real-Time) &olj)l aopl Jaall gosi ad :gripdall uiofl Joludl ¢
.(Soft Real-Time) 62wy
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:ar0all @l apags

alal/ Jial gi malloc (alial gSay U :Freestanding (na dioAall Ghaopll ahwo -
.printf 1ia gl .ol gi «lalall

sl pUA; Jono o guulg (Reset Handler) uall 8ale] plleo 40 polipl Tay

.cadl 6,409 (Flash/RAM). §,513JI &lnypAg (Linker Script) luyl calo pad iy »

pohil diy alacl [.EIE

.25 aaalgg «whaopll Jwoas dylg Bple wlgal dlwlw dinAall dadaill poh culiai

pll pajiollg Glgall aluduw
ol jlan ge dalido i) 8paub iiy (Cross-Compiler) plll pqjioll

sudo apt-get install gcc-arm-none-eabi

.Jaai pUAS §ga ARM Cortex-M éjaal cdaaiuy arm-none-eabi-gcc *

.ARM EABI daalg pladiwlg Jaiiii pUAJ 3gag pac (liei ~  none-eabi'' -

JuiAllg aanil ¢ilgal

SWD. gl JTAG pe éale diniall dalailll (1é auanill oiy

sudo apt-get install openocd

GDB. 9 puanill 8lal u lpua 0penOCD jagy *

.8gh0h) 6ghA Aaiillg HSIAl nnd il Aldy] ¢Sy
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Q19inyg . pf0iall gile 6pblo Josi gl (igiwoll dAdAio dpauill (d LWl wlaopll
tgile 8ale gualll ggpirall

.olaaiall J9ang bssq data pludl auds (guasoll alacl eadl 6pauh .l
gl Glaagllg GPIO. aapl 6paub aligll aids .M
.plA jaioll Aoludl :Jgaaoll gl duuiyl Galall P
.Cudgillg dioljiall pe Glaall (oleblao)l wllleo €
:a2ilb blail
.021alg while(1) adla :Super-loop -
A8al o Josllg quiy dehlaall (oleblaoll gile aoiso *

.al51ag olijg plao :RTOS (ile yiwo

LED plon (Awog i Jlio  E.E.IE
alig GPIO. JIg aapll buAg «@lgall aluduy (WAl Jo Jodd Wis lpes guy LED (Awog

. Jroail

(wlaudl (ngiuwo (le) Cortex-M (ile LED (Auog

#include

#include

static void delay(volatile uint32_t count) {
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while (count--) {

asm__ volatile ("nop");

int main(void) {
/* Enable GPIOA clock */
RCC->AHB1ENR |= RCC_AHB1ENR_GPIOAEN;

/* Configure PA5 as output */
GPIOA->MODER &= ~(3u << (bu * 2u));

GPIOA->MODER |= (lu << (Bu * 2u));

while (1) {
GPIOA->0DR ~= (lu << 5u); /* Toggle LED */
delay(1000000u) ;

}

4484 a4lS o dig droin wlaull (ngiwo (ke daopll -

Jraaillg (hgailg doqpll

arm-none-eabi-gcc -mcpu=cortex-m4 -mthumb -g -00 -ffreestanding \

-nostdlib -o firmware.elf firmware.c

arm-none-eabi-objcopy -0 binary firmware.elf firmware.bin
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st-flash write firmware.bin 0x08000000
:olhallo
.y log ey o wllaiy aududall &gjLLiLQJI .
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#include
#include
#include

#include

<stdint.h>
"stm32f4xx.h"
"FreeRTOS.h"
"task.h"

static void vTaskLED1(void *arg) {

(void)arg;
while (1) {

GPIOA->0DR ~= (lu << 5u);
vTaskDelay (pdMS_TO_TICKS(500));

static void vTaskLED2(void *arg) {

(void)arg;
while (1) {

GPIOA->0DR ~= (lu << 6u);
vTaskDelay (pdMS_TO_TICKS(1000));

int main(void) {

mutex¢ semaphore« event groups:oljil *
queues¢ message buffers: Juaill -

delays« timers: cudgil *

FreeRTOS plaaiwl ¢lioao :Jlo
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RCC->AHB1ENR |= RCC_AHB1ENR_GPIOAEN;

GPIOA->MODER &= ~(3u << (bu * 2u));

GPIOA->MODER |= (lu << (Bu * 2u));
GPIOA->MODER &= ~(3u << (6u * 2u));
GPIOA->MODER |= (lu << (6u * 2u));

xTaskCreate(vTaskLED1, "LED1", configMINIMAL_STACK_SIZE, NULL, 1, NULL);
xTaskCreate (vTaskLED2, "LED2", configMINIMAL_STACK_SIZE, NULL, 1, NULL);

vTaskStartScheduler();

while (1) { }

.yuojl dsglw clloj Goao JSX
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#include <stdint.h>

#include "stm32f4xzxz.h"

static void enter_sleep(void) {
RCC->APB1ENR |= RCC_APB1ENR_PWREN;
SCB->SCR |= SCB_SCR_SLEEPDEEP_Msk;
__WFIQ;

int main(void) {

RCC->AHB1ENR |= RCC_AHB1ENR_GPIOAEN;

GPIOA->MODER &= ~(3u << (5u * 2u));
GPIOA->MODER |= (lu << (5u * 2u));

while (1) {
GPIOA->0DR ~= (lu << 5u);

enter_sleep();
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duuln Dl o)l guggyl

alallg Jhall — <stdio.h>
Auwlall éianlig «olaaailg «olalol) ciddoll peg cuigoall alallg Jhaayl olikol Yy,

Guuio ahal — printf, fprintf, snprintf -
Guwio JAal — scanf, fscanf, sscanf -
Olalall g0 Joleill — fopen, fclose, fread, fwrite -
Hawig o alal/ Jaal — fgets, fputs, getchar, putchar -
aolell mlgalll — <stdlib.h>
a2l adll JLigaig ol i 16 esaillg SS1a)l §jlal dunlw Dl Glgalll wyes
aSioliyall 65131 §)lal — malloc, calloc, realloc, free -
obpl clai] (16 psaill — exit, abort, atexit
ddgigo dyaac Olligai — strtol, strtoll, strtod -
651l Jisg dwnil Juwllull — <string.h>
Pl 5131l Gbliog yanl el daiioll il Juwllul dallea) Gllac ey
Jwllull ayg A — strepy, stracepy, streat, strncat -
dayllg &jjlaadl — stremp, strnemp, strchr, strrchr -
6513l Galleo — memcepy, memmove, memset, memcmp *

auabyl Jlgall — <math.h>
.elaAallg cupdil ¢ua (o @83y 3330 dgluw doilell alacll (ile anies Gual) Glloe Wi
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duwlg auilio Jlga — sin, cos, tan, sqrt, pow °
&uaiyleglg &l Jlga — exp, log, logl0 -

aoslel alacll olbgas — ceil, floor, fabs, fmod *

cidgllg Ayl — <time.h>

ol guud — time, difftime, clock -
Oclpall abld dun (Ul (Jigai — ctime, asctime -
cudigllg Ayl Guuio Qlyal — strftime -
laall uini — <ctype.h>
Jaopdl Junlas e Jaiuo JSiiu @bl ala (hgaig wylaodl cuing pead
jlaadl oljuial — isalpha, isdigit, isspace, isalnum -
wall & Jugai — toupper, tolower -
b Ay daan alacl glgil — <stdint.h>

aLla)l (ngiuall &AdA daopl) dyjgpd (1@9 Lia ol Afuda A9 Aauan alacl glg.ii Qs

int8 t, int16_t, int32_t, int64 t -
uint8_t, uint16_t, uint32_t, uint64 _t -

auwlwi olayyei — <stddef.h>
a2l pe a€,uio olagyslog lelgil jags
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NULL ptrdiff_t, size ¢t, *
oAl — <assert.h>
.pohil sl daopl claAl il Jasiiil cadg olausl pogs

assert -

C23 o Al Olwuaill

wjlanllg Unicode pea cpuung
wlgalg Wjlho glg_ii JUA ¢go Unicode go Joleill yile growyl gilnll clan] C23 Jnlgy
.632g0 Jugas

Unicode wjlao wlgal — <uchar.h> -
UTF-32 9 UTF-16 9 UTF-8 juoy <wlaag — char8 t, char16_t, char32 t -
OlpWI! 6aa=io UTF-8 wwlbgai — mbrtoc8, c8rtomb -

Auwld)l Slowul

Al gway b (Glaagiol déhaall Glwlaoll &o 4ddlgioll Glowl &én C23 aoisy

doaldioll wlaalg)l juoi — [[deprecated]] *
6aleoll oudll pladiwl yApd — [[nodiscard]]
plhaiwlll pac Glpini s — [[maybe_unused]] -
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6lakall, (1eg go 6513 aunAs — aligned_alloc -

8)513Jlg Jwlludl Olaalg pe Gl guuai -

plaAiwl aliol
o gl qlAl 1o

#include <stdio.h>

int main(void) {

FILE xfile = fopen("example.txt", "w");
if (!file) {

perror ("fopen");

return 1;
}
fprintf(file, "Hello, C23!\n");
fclose(file);

return O;

a$ioliyall &SIl 1 Jlio

#include <stdlib.h>

#include <stdio.h>

int main(void) {
int *data = malloc(10 * sizeof *data);
if (!'data) {

perror ("malloc");
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return 1;

}
for (dnt i = 0; i < 10; ++i)

datali] = i * 1i;

for (int i = 0; i < 10; ++i)

printf("%d ", datalil);

free(data);

return O;

awnill Jwlwl dalleo o

#include <stdio.h>

#include <string.h>
int main(void) {
char src[] = "C23 Standard Library";

char dst[64];

strcpy(dst, src);
printf ("%s\n", dst);

return O;
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void leak(void) {

int *data = malloc(10 * sizeof *data);

2l hAill
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ulgn'n 'I I dlio
int *bad_pointer(void) {
int *p = malloc(sizeof *p);
*p = 42;
free(p);
return p;
}
)l hwA;Ul

.adao lpgio (Ul 9l 630 6513 (Ul Glpbdo ggﬁu .
.free asy o NULL (U] pbdoll Al -+

a0l olaalg (16 daln &slall Jéi e -

Overflows) (Buffer wlaganall agan jolai

oDl olgil jalno pal go 1ag (W pé dglw Ul 1adi bo B agan i &SI
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void overflow(void) {
char buf[10];
strcpy(buf, "This string is far too long");
}
nll buAill
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.(fFgets ,snprintf) 6axd0ll Jlgall JAaa -
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void uninit(void) {
int x;

printf ("%d\n", x);

1l Al
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.pohnill clisl cbhAlK Glpaall Jole -

NULL pbdo bl ¢la
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void null_deref (void) {
int *p = NULL;
*p = 10;

il hlAill
&oladiwl Jud Olpbdoll dan o Gaa -
.adAlal culgill (assertions) olausStWl pariwl

.oKoll jas NULL g% oD ablal olpbdall wiai) olaalgll aon -

aaanll alachl (A4

C. (16 Wy=o pé Kol =) d=bgall aamnll alacll (Aud
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void overflow(void) {
int x = INT_MAX;

X++;
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bopidl JAla aluwDl
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if (x = 1) {

2l buaill

.oguitall aliw b dnll Glpaail Jeb -
Ayl oljldoll padiwl -

alll aie has jul g1o colil old oljléall padiwl -

Off-by-One clnAl
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0; i <= 10; ++i) {

for (int i

arr[il i;
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daleall pudll Jalas

st gile Jlio

FILE *f = fopen("data.txt", "r");
fclose(f);

il hAill
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.50l Lo [[nodiscard]] pariwl -
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printf (user_input);
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if (access("file", W_OK) == 0) {
fopen("file", "w");
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#include

int main(void) {
char op;

double a, b;

if (scanf(" %c %1f %1f", &op, &a, &b) '= 3) {
puts( n " ) g
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return 1;

switch (op) {
case '+': printf("Jg\n", a + b); break;
case '-': printf("Jg\n", a - b); break;
case '*': printf("Jg\n", a * b); break;
case '/':

if (b == 0.0) {

puts( " 43
return 1;
}
printf("%g\n", a / b);
break;
default:
puts( " s

return O;
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#include <stdio.h>
#include <stdlib.h>

#include <time.h>

int main(void) {

int secret, guess, attempts = 0;

srand ((unsigned)time (NULL)) ;
secret = rand() % 100 + 1;

do {
if (scanf("%d", &guess) != 1)
return 1;

attempts++;

if (guess < secret)

puts( " n ) g
else if (guess > secret)
puts( " " ) ;
else
printf( " hd \n", attempts);
} while (guess != secret);
return O;
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#include

typedef struct {
char name[32];
int id;
float grade;

} Student;

int main(void) {
Student s = { "Alice", 1, 92.5f };
FILE xfp = fopen("students.bin", "ab");

if (!fp)

return 1;

furite(&s, sizeof s, 1, fp);

fclose(fp);
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return 0;
¥
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#include
#include

typedef struct Node {
int value;
struct Node *next;

} Node;

Node *push(Node *head, int v) {
Node #*n = malloc(sizeof *n);
if (!'n) return head;
n->value = v;
n->next = head;

return n;
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void print(const Node *n) {
for (; n; n = n->next)
printf("%d -> ", n->value);

puts ("NULL") ;
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#include
#include

#include

int main(void) {

char *args[] = { "1s", NULL };

if (fork() == 0) {
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execvp(args[0], args);

_exit(1);
¥
wait (NULL);
return O;
3
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#include
#include

void tokenize(const char *s) {
while (*s) {
if (isalpha(xs)) {
putchar('I");
while (isalnum(*s)) s++;
} else if (isdigit(xs)) {
putchar('N");

while (isdigit(*s)) s++;
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} else {

putchar (xs++) ;

}
putchar('\n');
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