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W] API stability is guaranteed, source code B¢ API stability is not guaranteed,
is portable! ; source code portability is not given
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Compiling a ¢ progra

The preprocessor expands all preprocessor directives.

) ealcm unbd'dl"‘,ja.n haic& urcﬁ'ljof

$ cat main.c .

The compiler parses the text file for function declarations, variable declarations, etc.

#include <stdio.h>

int main() { .

printf("Hello World!\n");

@Genemtih nﬁ'—’-‘*ﬂ‘ﬂuj ltncLlL m{-;{_

The compiler then generates assembly code for all the functions after some
optimizations if enabled.

@mbler (compiling assembl@niﬁfm\o l‘j LOCLLH" c:‘ ) Ljnm“ j

kol
et

return 9; o

The assembler turns the assembly into 0s and 1s and creates an object file. This
object file maps names to pieces of code.

$ gcc main.c -o main

$ ./main

tatic Link@ B“f‘cjlﬂ ‘pa;_(n. Jcﬁan FnﬂLSﬂ:ﬂﬂh N So M[Mﬂ

Gn{«lm-u;
JepLr

The linker takes a series of objects and static libraries and resolves references of
variables and functions from one object file to another.

The linker finds the main method and makes that the entry point for the function.
The linker also notices when a function is meant to be dynamically linked.

The compiler also creates a section in the executable that tells the operating system
that these functions need addresses right before running.

Hello World! e

5%

kP
Lo~

U nL(M;yW

$

N SONTre~

?ﬂtPrt‘.’JLCSﬁ 3@*.(.:'
+# (nclude C.S‘ldfg_)w) e

£X ‘Et‘fﬂol— cz:/m

s the program is getting ready to be executed, the operating system

h !,‘U(' Dynamic Linkin;':)\
' Ibraries that the program needs and links those functions to the dynamic library.

The program is run.

< gcc -E main.c. -0 main.i

LE‘S

obd,

P:ﬁfnj.

>

seadeld rocessing  kisalima
/9‘-5 2 cpp preg g R ' Oofe

/ GCC
(gce)
$ gcc main.c aux.c -o tut_prog .
. B el i main.s
$ ./main \* main. :
I
Hello World! Preprocessor Compiler Assembler Linker
% (cpp) (ccl) (as) (Id)
-/..W' T as P
Gl | i as=ETHY T
bodu ¢lams -

$ cat main.c

#include <stdio.h>

int main() {
printf("Hello World!\n");
return @;

$ gcc main.c -o main
$ ./main

Hello World!

$

A ssembles: Asserldy koduan

compile eden compilerdit

E
Iibtmlz.sub‘ &umc’l“‘ lmufﬂ'ﬂ Hﬂf’féjﬂr

shared librory Windowsh.,
ditt-sebirnele sdic

_ onideme .
The preprocessor  IT1CH(1. C > (Nau, L

expands #define, #include, #ifdef etc preprocessor statements and
generates a main.i file.

O

. compiler .
e The compiler mMan. L P >Main.s
o compiles main.i, optimizes it and generates an assembly instruction:
main.s
SSEmblel” .
w5 22 ble, man.o

The assembler (as)

o takes input assembly file main.s and generates an object file main.o

The compiler (cc or gcc) by default hides all these intermediate steps. You
can use compiler options to run each step independently.
> pogom

BLA Liaker
Qo’fhef object files

]
shoredt (b



e $ gcc -E main.c > main.i
-E stops compiler after running preprocessor
e $ gcc -S main.c
-S stops compiler after assembly file generated
Assembler uses “.s” file to generate an object file
e $ gcc -c main.c

$ cat main.c Generates object file main.o

#include <stdio.h> o main.o has undefined symbols like printf we don’t know where it
int main() { is placed

printf("“Hello World!\n"); o $ nm main.o

return 0;
} e $ gcc -o main main.c

Generates executable main
printf does not have a value yet until the program is loaded

_ , $ nm main.o
$ gcc main.c -o main

$ ./main
Hello World!
$

Gcece options
hitps://gcc.gnu.org/onlinedocs/gcc/Option-Summary.htmi#
Option-Summary

Main. 0 g object dosyalar. dick  cot e incelenmez b i her sistome zgu
c‘qgia'L Glhtilop verir:
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f;‘eﬂi'.sfncfc {m[{mmas o{cﬁgum Sﬂnéoﬂc'ﬂ ﬂMLs.‘ymW fa[aﬂ Varsa
man nm : man'i kaloamok  Mangsl page ' onlan 3651‘@:@@9

gérﬁn«(alcmt-mm saG it

1 in c_(ucle <stdio. h > i
#c‘e?me X 10 ng‘:,lfr‘a-'—'ﬁD(\ CL..(“- Ae .

int print - integer (tat) j/ bu. Ponfsiye hensz b
(nt mn()f_ > gcC -0 oA _main.c
it g = X; 6”$°r13;1§émed nefercace Lo - Pp:n)r_ injrejer '
Pr\m’r]o ("Hello world lﬁ)
p/‘fnL Efl‘('ejer‘ ( 5); ) 9cCc_—C. Main.c
reium O; ma.in, o olajca-{ CIQSSCI.SI o(u::o.f‘.
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auX . C
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< stdio.h >
it print _ indeser (int a)s
Fﬂf; (“ i"n'fcjed‘s o/al \n Ja) )

Ha.i"ﬂ verir 'IC'incle. (NAin dﬂ&acﬂ-st 50'1- JUE

J

O;’ %u bnna- }J?r {ane ijd’c" aux-Q ur C'(E'Q:((

i,
- .
d (4 77 =, g Y . o & ;
i - L : K & ik F 1 LA | |

L_.Bbfjlcce b_w-f(f 5&&,/4( (,'a/u;qf‘

o LT

b, el

ﬁnr'f f ff L lfh"f

ek progean

L"QLE’P a2 a m asind e ['Ju Sibi i.?adc{cf l’-n(:.‘enbtor.
BM static ZML‘%( olwaf; ad(aﬂdw/ *Jof" 4.«,3’14&‘ e}eﬂ/cmc c:.5ﬂc:¢5|nc1q ﬁg_J/

orintf sidio.n  shered librarysi v¢erisinde Laaplanmists
Bu A:jﬂomic Lfﬂftbmc c(c:-ch(_ clcﬂo-/‘cﬂ.ﬂ‘r(fﬂ" : CE}(]L«L Puf\J(TMC féﬂaﬁno/ﬁ

Mo~

0000000000001140
0000000000003db8
0000000000002128
0000000000003 b8

000000EEOOEE2020
00000000006 1000
00000000000O2000

0000000000001149

POOOEPOEONAOA118]
0OOPEEOOOEOA1OCHO
POOLOEOOOOOO1060
0O00OOLO000004010
(base) |
total 72

(';/?L/c'mé' jff?é{‘é' 21C

ad_public@adpc: ~fworkspace /sysprog

t frame dummy
d frame dummy init array entry
r FRAME END
d GLOBAL OFFSET TABLE
w gmon start
r GNU EH FRAME HDR
T init
R IO stdin used
w ITM deregisterTMCloneTable
w ITM registerTMCloneTable
U libc start main@GLIBC 2.34
T main
printf@GLIBC 2.2.5
T print integer
t register tm clones
T start
D TMC END

drwx rwxr-x
drwxXrwxr-x
- FWXTWXT - X
-rwW-rw-r--
- FWXIwXIr-X
-rwW-rw-r--
-rwW-rw-r--
-TW-TW-T--
(base)

=N

ad public
ad public
ad public
ad public
ad public
ad public
ad public
ad public

ad public
ad public
ad public
ad public
ad public
ad public
ad public
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https://makefiletutorial.com
https:.//www.gnu.org/software/make/manual/make.html#Introduction

e Ba%cr- C dosgolar- 'IC}\CLPC edi k'm'i C&’L Lac;[ar‘
Qo(c Gkojoi‘ijaf‘. _’Dblaﬂt:nj(a. Cﬁﬂ".j??lf' Ec:‘c‘PLen

bell; dsenlene skmamz gerelebiliyor

A simple makefile describes

e rules to compile and link
source and header files
e and/or rules to recompile them

A simple Makefile - | prerequisite : An input file to
create target

target ... : prerequisites ...

recipe - recipe : An action (a terminal command)

pm{?qu 1 & J‘-£5: U

Makefile /’> Ele‘\’j!i(/'/;a -
helio: O/’ ﬁaﬂ%ko

echo "Hello, World"

Run with make (_:ommand

$ make Pl s make hello

. echo "Hello, World" ; echo "Hello, World"
i Hello, World Sl Hello, World




Maoin. c
t inclode <stdio. h>

=3 defmc X 40

it print ~integes (int);

int main () é
int @ = X;
Pr\i‘n’rp ("Hello world “)
pf‘:’nJr_ i n‘feser* (5);

reium (5

echo ) He( |o world I ’

l/ {-jéh‘j‘! fr*e’__.[;, P

Mcauin:

gcc Mein.C  COUX.C
le’ana“--

(m Mmailo auw.O o.ouF

cleanold:

(M main.Q aGux O

Main: ouwX.D Mmain.o

SC.C-; mu.ﬁ Q QuUX.D -O program

i_JCI.J X .0 RE: ;;;
/§¢cc -¢ awx C
e iin gt -c T

O-UX. C

trinclucle & stdio. b

int print _ '.n*xesu“ (;umL a)f
.3';'(1}/ (ﬂ i'ﬂ‘!ﬁjefn o/l \n J a) ;

J

reurn Or

target ... : prerequisites ...

Multiple Target recipe

Makefile

some_file: other_file
echo "This will always run, and runs second"
touch some _file

other_file:
echo "This will always run, and runs first"

$ make

echo "This will always run, and runs first"

This will always run, and runs first

echo "This will always run, and runs secon

This will always run, and runs second

touch some_file

dll




Variables Automatic variables Varidbelar 'J:Glﬂlm}o‘blf ,?a(\l:h

hey: one two
# Outputs "hey", since this is the target name

- echo 5@ 9 orkl|  assigment islemlen

files := filel file2 ’/f # Outputs all prerequisites newer than the target

echo "Look at this e SCLPI(O- bi\me L'Led-'if.

* # Outputs all prerequisites
variable: " $(files) /
touch some_file /

echo $°
/touch hey

some _file: $(files) fﬁ

filel: -
s ztouch filel /!f’ N
ile2:

touch file2 1] o

touch two

clean: F

rm -f filel file2 clean:
some file rm -f hey one two

éﬁfﬁi‘ﬁ, mrff:&f:{&x’@lzs?\ﬁri ﬂjﬁﬂfﬁﬁ}\:k Ql{fjl‘:gi:{

Static pattern rules

Fancy I'UIGS targets...: target-pattern: prereqg-patterns ... )mPl"Cl“_ RUIE’ ’(J-l"“ i !-6 CQ‘I"DmCE[-rL

commands : :
Implicit Rules objects = foo.o bar.o all.o | I 5 ,6 mlef\ “jOﬁ)l l&bl {m eLL‘iGCJ\l f\,

all: $(objects)

# These files compile via implicit rules

CC = gcc # Flag for implicit rules £00.0° f00.c [m P h{}" RU lﬂ Lendl. LEH diﬁe jlizjf

CFLAGS = -g # Flag for implicit rules. Turn on debug info
& & P g bar.o: bar.c

# Implicit rule #1: blah is built via all.o: all.c

# the C linker implicit rule ,} ,

# Implicit rule #2: blah.o is built via all.c: Nt o | Ien-{ﬂ,ﬁ I. d
#the C compilation implicit rule, because blah.c exists echo "int main() { return @; }" > all.c n Lh 5 ? &5 N “
blah: blah.o %.c:

blah.c: - touch %6 51:#1:’ LO-P'A.L PU[e albl G’ﬂ dﬂ&l’nﬂ’eéifff

echo "int main() { return @; }" > blah.c clean:

o * *
ST Ean rm -f *.¢c *.0 all

rm -f blah*

For more see https://makefiletutorial.com/

pP@pFOCfﬂﬁor

/" Relore preproces Sing "/ /* Alten pre processiag, “/
# defne MAX_-LENGTH (O
char buQQePiMHX_LEMCﬂH] cher bu @ fer |10
Objeck Like MACRO
Hinclude <stco. h> Finclude <stcio. h> Finclude <stcio.h>
# define X 1,\ # define X 1,2, 3 # define X 1, \
2. 3 int a =X 2, \

i(H—a—;X } 3
& v int a=z- X

N,

ifljé“ Q. — /f; f-.aifj} Lﬂ%ﬂ Gk == 1;2;3 -t 5 @
LAT ci= {wzf,j
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hepsi objet (ke Yan; bic olgeyi cleg;';ffci yorlal f}wfjin
tlefine NUMBERS /2,3 .
(eroe€sin ﬂ
int wll= ZNUM6ER53.: Arreey olMas oldn : > m%xﬂ-: 1,2 5j}

’FUHC-{ 10N Ll'l-d /uac Worm i ﬁonLﬁijm c:qu L 5? bi 36( aNal /é’(: C’de A:Tclaé
«{ ﬂ/lﬁsignn ver. O Fmﬁsym (&N fa/‘é(. 15/ jﬂo.‘ ,5{.4(:75 1 i'/ieﬂ lor: /C~ /ard‘
2eyler {‘aﬂm[aﬂa b {:Jo( wm)

:#Clé’ffnf Zanﬂ-im'/ C,—f'ﬂ/"/
[aﬂﬁ _iait () Iaﬁ/r’ﬂ{fﬁf& Wﬁé*j'amﬁ% SEy Cﬁfu Scdece Mjffaﬁ G2 inAe
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Meaocros  with ac 3umen+s

(wﬁﬂ"'f) Teue 1€
‘;3riﬁﬁ3[‘ LG -
oM y aen ‘;‘ Fﬁj | 5€
P ' -z “3E #define foo(x) x, "x"
#define min(x, ¥) ((X) < (M) 7 00+ (D) _y R Jan WO foo(bar)
— |

x = min(a, b); — ba

/* = x = ((a) < (b) ? (a) : (b));*/ i

y = min(1, 2);

/oy = (1) < (2) 2 (1) 1 (2); */ Rireda Fﬁrﬁﬂ’{‘ﬁg | ——

L min@ o (%) seklinde Yapmanm cok anem|; fiﬁu
X S - ‘ . (* . % , — v “}

o 3=t e L) e e 2 s Colis o Qsyece 428 diye Lir argaman @gﬂdﬂrmaﬁ FCLM?L&L o8 ¢

i L

Seni LQ{‘%;’“



Macro pitfalls-misnesting

#define call_with_1(x) x(1) macro body is just confusing, and should be
call with_1 (twice) avoided.

#define strange(file) fprintf (file, "%s %d",

#define twice(x) (2*(x)) //the use of unbalanced open parentheses in a x+ —t ; dn{:ﬁ_p iﬁlﬁm jopil LJ& iP

.
nfae X AN (_{ﬁgt‘?f"r mc"{ﬁmrﬁ&

/*after preprocessing
— twice(1) strange(stderr) p, 35)

— (2*%(1))
*/ /*— fprintf (stderr, "%s %d", p, 35) “( OL{" + Ya l‘fa{}f
v 4

++X: Onee x in c:kefger:n;
ar+lrrjﬁﬁ. Ddha  sonca

i?lfm Japy of

h /i .gnu.org/onlin / /Macros. htmi#Macr

Macro pitfalls-Operator Precedence
Problems
/*What is the problem here?*/

#define ceil div(x, y) (x +y - 1) /vy #define min(a,b) a < b ? a : b

int main() {
int x = 4;
if(min(x++, 5)) printf("%d is six", x);

a = ceil_div (b & c, sizeof (int));

/*after preprocessing
— a = (b & ¢ + sizeof (int) - 1) / sizeof (int); int r = 10 + min(gt_:), 199);

* - -

4 printf("r is ¥d";, r);
Solution: each occurrence of a macro argument name return 0;

should have parentheses around it. }

h flgec.anu.ora/onlin /cpp/Macros. htmi#Macr

Bozen doplicadion #oﬁltﬂidan q—‘:'fgfilcd"rnu. wﬂcﬁr‘serﬁal_

Macro pitfalls-duplication side effects

/*What is the problem here?*/ :leﬁﬁet“-b\tﬂ

#define min(X, Y) ((X) < (Y) ? (X) : (Y)) o
) \.siyony bir kere =3 3 b@
L 2 (dum S Yere
- Tl &
) l"’Dnl{ﬁb}l:_jE}ﬁm ki kere Go g Mip
hdtape.  s2oep oladAlir.

int main() {

int next = min (x + y, foo (z));
/*after preprocessing s

— next = ((x +y) < (foo (27)_ P (x +y) : (Foo (2))r—
the expression foo (z) has been substituted twice into the macro expansion.(:?{ &L(E{'mﬁtj{ﬂ

r\.larﬁ"-c'ld":

* / )
} return 0; 4 P{_?r P{}{,’ P’\cjﬁ*& ali:h?ﬁjﬁ's l (
https://gcc. .org/onlin [cpp/Macros. htmi# [

Macro pitfalls-swallowing semicolon

/*solution*/
#define SKIP_SPACES(p, limit) \ #define SKIP_SPACES(p, limit) \
{ char *lim = (limit); \ do { char *1im = (limit); \
while (p < lim) { \ while < lim \
p--; break; }}} e o
p--; break; }}} \
while (9)

SKIP_SPACES (p, lim);
/* “;” causes problems before else */ SKIP_SPACES (p, 1lim);

/*after preprocessing

: i

if (*p 1= 9) . expands into
SKIP_SPACES (p, Lim);

eise ...

do {...} while (0);
i

h ‘/lacc. .ora/onlin /cpp/ ros.htmi# [



Macro conditionals

int main() { /
#ifdef _ GNUC__

EE]EP GnU < c_ﬂmpi’cf 3¢ -7’-‘?“- Jaf?

wise —— S Deilse 2000 0
return 0; of »
#endif Mmgp}je 95{“9 {QP[LL ;Eﬂ(d‘ le‘ l(akn!lﬁ

}

$ gcc -E main.c >main.i

int main() {
return 1;

}

In different compiler you would get return ©

. f_j_“:}i:; &"Eaﬂf‘mh 'ﬁiﬁ‘l
restrict

C keywords Sinaw ign

return

?extern, break, const, continue , .
& — signed, unsigned

do{} while{};
sizeof -an operator

enum
static
for (initialization; check;
update) {} struct, union, typedef
if{} else{} switch case

inline E

v

goto (do not use in your programs) 'E)unu ku”aﬂm

Exkecn
extern it priat_indeger (&) ;
extern int b,
int  main () f
int a=5;
prmﬁm teger (b);
prf/ru /“m}'n .- %E{\}fi mif /a+2, a*3);
return Q ; T .
i T~ Bu belki {an.m(unmlg o[:-.[::ifi'h
Enz‘ b = 5. F]mg eger lgi'} er ba::.ca bunu  extern
cnt print m%ejer() Fo R olorde  belirtmezsel progrom hota verelili
Ben%cr ﬁeLilAC Qonhﬁ,‘jgnm deﬂmfﬂonu ﬂmu»u
bic elOivaa,Am ise object dosyag olursiuruplen

.

ltO-'h:L ue.ne,b'/.‘r. E x"'c’r‘ﬂ "HIEQ verresi(l P{\Sf“?dc:{ |
buny ileride gBcecen. S:Lu.ad‘ eﬁnnf[



Otadic

aun. aux. C
Stetic wt b=100; int b=5-
extern int rpmﬂ_mkﬁgr( it ) stdic it peint-indegec et a) 3
Nt main () § pRin f,#( “ohd \n * a);

Pri'njre (“rhin: %/od \nt 13), neturn O ;

orint - icteger (1000)-,

Metum i gcc -c pwx.c i;le QK. O
3 object Pile en o(qu(ur‘cﬂuL
7 gcc —C main.C bu bomut calisi NM auvx.o yu ncelersde
ve_bir adet  main. 0 object desyas) 00000000 N b
Q”J“’i ederim. v, Pfiﬂjtﬁ
Amo. SC-C Muin.0 avX.0 -0 MmMain OOOOQOQ/JC Pfin+_;‘n+c’§€/
komutu senrass HATA aleawr — /
Buaun  sebhely stedic kllean o Stafic ya2inca t aesldic
:I{ |O(.a.({ edi‘m.ﬁ:ﬁ‘ 5+ Q:h(— ] bia’_jiélk 15¢ gf@fgal

L. \cw-\\&wm é }@LM@I‘CC{%{? 1Se /f:u:af

j&\LL( i &ﬂi{f}.ﬂ’iiﬂﬁ ‘?(,’j@f} Ljﬂﬂf L]G-ﬂji
AGSjadagsc« - c:(f-'ifhtja\(jc:«

ttf_‘}c:ﬁ..(. O (qd@(?
_—




Main .C COX. C

¥ include <stdeh> #Finclude <stdioh>
Static int b =100; intd b=5 :
extern int Prfﬂ'f‘_Fﬂfq'a“(l'ﬂlt)F Lnt prinjr._in%eg,:r‘(in{ ﬂ)f
ot pagin () 3 static (nt counter =1
¢t a =5; Counter ++ ;
priat- integer (1) ; print{ ( " Verilen : %d - counter. %d \n”, a , cmntlc’/‘J;,
print— inteser (2) 7 return  0;
priat _ ipdeger (3) 4
return Oj
3
gcc —C main.C : /pnofjpam
9CC- —C QuX.cC | \{Er‘fIEn : 1 Coun‘fr:ﬁ Z
gc.c Mmain.o aux-0 -O p‘oaf‘clm Ve'r'-,f-’ﬂ'-i Coun+€r‘: 3

\fer."{fn:% Counter: 4
Counjref‘ E:r Se‘eer* l:c:nmm\c‘m:jz:.r*, D@?]nﬂfm o/JuUan SONA bé?f‘
FOh [:Si'jcm cga’gm(dtglndc«. N dep%j‘n;'ﬁaa U"z@n'ﬂo/en cfeugm fafv;r
Ve burude éw@e o Sedece %m(asl’(j@nun \Cersincke

++: )

C operators

sizeof,

In order of precedence arithmetic operators {+,-,*,%,/},

[1, Super breck et

2 VEE P
Sl <=/>=,
’ ==/1=, &&, |/,
i , & |, ~, Hota yopmomolk
¥3. Jdicel erence - E._:lOnWJfE%

C Data types and Operators

Char, short (short int), int, long (long int), float, double
Fixed width integers

[ulintwidth_t inl 22 bit mdine ibﬂl:c
bl bt mealine Llogk

char a; /*1-byte data*/
short a; /*at least 2 bytes*/

int a; /*at least 2/4 bytes*/

long a; /*at least 4/8 bytes*/

float a; /*IEEE-764 single precision floating point: 4 bytes*/
double a; /*IEEE-764 single precision floating point: 8 bytes*/



Shift operators

unsigned short uns = -127; // 1111111110000001
short sig = 1; // ©0000000000000001

uns
sig
uns
sig

<<
<<
>>
>>

2

2
2
2

- L

2

- e

-

//1111111000000100

// ©000000000000100
// 1111111111100000
// ©000000000000000

In right shift;

If the operand on the left is signed, then the
integer is sign-extended. This means that if
the number has the sign bit set, then any
shift right will introduce 1s on the left.

If the number does not have the sign bit set,
any shift right will introduce zeros on the left.

If the operand is unsigned, zeros will be
introduced on the left either way.
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S HAFTA

Hinclode <stdio h>

{nJc majn()z
chor o JL1- z‘cﬁ', ‘b’
cher LIMI:E“Q’I ‘b

i"*-.of:‘
'\i strd

" “\o’4; T
/ " abe herheng Lir mdn " ;

G
. C

4

Stra

A

chur *gtrd = " abe herhang  bir mékin
char *Stl:f"z = abe If)ﬂ‘banji IOif M;n“’;

S{ZF1 EOI = \n" ; HO&C& venr
a0l = “A’; Qo
Cru"rn'ﬁa N &L:c: herkcmji Io}r {héf?n# 6+an5 COG‘G"“‘“J’ l’*C S’|(‘an con5+an'}{af

Me’margcle b Ae{ia {:amm{oﬂrﬂor

=
| consturtlar be backde agldenr
Program memory layout """ " e ™

stack: é:uni‘li‘-&ﬁ coP
e a dynamically growing and shrinking segment containing stack frames.
e One stack frame is allocated for each currently called function.
o  Aframe stores the function’s local variables (so-called automatic variables),
--------------------- arguments, and return value.

Heap: {:3 NamiC Memary | mau':m:.
e an area from which memory (for variables) can be dynamically allocated at
run time.

..................... e The top end of the heap is called the program break.

text:
code segment, executable instructions

uninitialized data * g //

bss Data segment: - \ ~ do bu m,d-z:,».. r_!.:;l 15 iﬁ"i
Wijaized s e initialized global and static variables S¥Ci1N% constunlo “ tfj

data ‘ é,,xfﬁ ;'?11 il e

e i = Bss segment: Bloc\ skacted ‘O‘j d ‘;i“’“*bf‘l
o e all global variables and static variables that are initialized to zero

e or do not have explicit initialization in source code.
e The whole segment is initialized to 0 at the start.

char arrays vs string constants

‘t‘.al char array[] = "Hi!"; // array contains a mutable cop;\# -

Siac
)3 strepy (array, "OK"):;
ol

char *ptr = "Can’t change me"; // ptr points to some immutable memofy

strepy (ptr, "Will not work") ; ég-’ji?hr;icmfi

char *strl = "Bhuvy likes books";SAmﬁda Qﬂ heap

char *str2 = "Bhuvy likes books";

uninitialized data

bss

initialized data

data

A( /*however, char arrays must reside in differegnt locations*/

\.{j" char arrl[] = "Bhuvy also likes to write"; text
( {
\Iﬂ‘- char arr2[] = "Bhuvy also likes to write"; bun‘_(_l.[\ Iﬂ/é‘f /| C—
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Constant pointer vs Pointer to constant

/*a constant variable*/ /*a constant pointer to int*/

const int a = 5; int ¢ = 15, d = 20;

const int b = 10; int *const ptr2 = &c;

/*a pointer to a constant integer*/ /*cannot change the pointer value*/
const int* ptr; —pEr2—=—=_d;

ptr = &a;

Eigfpom— 4t /*constant pointer to a constant*/

const int *const ptr3 = &a;

const tells the compiler that the variable cannot be written (is constant).
This will result in a compile-time error: This has no influence on the memory space where
the variable is located. In Run-time it may change its value.

D@[(\flﬁ/‘ {‘/O I:U/\C’HD(\S

#include <stdio.h> Pointers to functions
int intcmp(int *a, int *b){

return *a > *b; -
} int (*comp) (void *, void*)

&
e The function should have two void* 24-25493

comp ponleri deiore glina? Tesionrebane o
bU- 'in"' Jﬁfid{'H‘Ef\ Vﬁid A Vﬂid* ‘liﬁ_n; b‘l‘mﬂcl;jﬁ"l}';_ fL_" .

int main(){
int x =4, y = 5;
/*declaration*/

int (*comp)(void *, void *);

/*assignment with type casting*/ =4 ii:“?“l :ﬁiﬁl )/ /

comp = (int (*)(void *, void *)) &intcmp; o returning an int pointer

int Paf‘“m:frr,{l' fbnft-f?"don voide cast M(:é}ﬂr

/*function call*/

int z = (*comp)(&x, &y);

Pointers to functions are often used to implement
printf("%d\n", z); polymorphism in “C". (o e mefve p,,im)

return 0; tele Lo Pg;nfrcr 1|¢ pFO‘(‘n“ﬁPlf’f‘i aAl! O(Uﬂ

birden fezla Ponlgiyonu typecosting ujaf?amﬁt-
qua9wtiﬂhrlﬁ;



inl maja (13

print ] (" %o - kp \n "b, &;n
3 Hep ikisi de ayni adres
O x56535afd [k - O x56535afd L3

, ma—ffn):
RSy

ﬁOﬂlﬂSij Po*‘;njrer E_{c‘:' f:'p@reg e»/mc’?

Cﬂ! ma; n (
(N Marin | %m.’m "}Ltjlmug e!ciu’%ufm CLC’E;-?{“ !75(‘ I]ﬁxsig;@f
N 7 -

j —~— chf‘fi&? PN 1(‘]‘}@3@? A@‘%i“ T-::ﬁmréj'jqi‘a

Ben é‘jlf [ofr Sfjf\{:OX Udcﬂdf‘c_ﬁ{m k’. £U c::lc. Qen‘:sijon‘c.f‘un c:ldres"i

olsun. pointer e Q‘an‘ﬂi{jﬂn adres:

Cﬂ'f' aloMe, ( f P il h ?@ﬁ‘l‘eﬁ 1O Jr@ﬁkm 4on L | SCx ﬂa gjr’hj;ni
a’hl, (*P) () = Maun ; 196“1 Efl' mf&_ WT; 0 Pgﬂ@ﬂiﬂf @l,bf@(&ff)
pp.n'w ( “"/669 - ‘/‘P \n ﬁ, Mmain | P) =

Pe‘('ur‘n 0)—

2
{nt Mmaio (mjt argC ) h‘arju ) g
{_51-{- (*"D) } C‘ha[‘ ﬂ*) = Madn §
ppmu( "’/609 "’/‘P \n ﬁ, Man , P)I

retorn 0



(nt % P &= in+t
ind maja ()} \ b—
pr.‘m‘j (" %P - %kp \n &, &a;n Ti{n);
3 Hep ikisi de ayni adres

/

intr meain (in+ af\fi\’)

.{n{-(?‘p) ( \IE'-‘-"id> = Paein

\ .
'=| | @ | A~ |
-~ : - - ~ e e -
LITIys 0lc gu acget by 1O 4

- 1-"}
= :1:' e k J ti-&ﬁm = ™% 1; r , z
(O Aal=ii N1 " SE€G, )\ O | <) MO

vt o =

—

Ben é‘jlf [Ofr Sfjf\{:o)( UUAUPCLB{m k’. ZI)LL ola Qaanijon[&(‘m c:lclres".

olsun. pointer Ue Qf’“k‘slj‘f’ﬂ adresi

T [‘ﬁj f | l; ! o~
Ll . - = e e il - fomra r z r
| i -..,—_l F | - “L‘ s = - i - ~ r F'ﬁ_' — -\.""'[_ ; s -
1 : _p—— C YoioTer 1ia Aonesiunn L) 1SNy ET 191N
f n _——" ? Es1 & ] "-M | I { ! . E a* F B 'im-.,'__.l' - ? Rt 11 e L - ; i
‘__WL,.-.--' [ ’ ./ g L

Lﬂ‘l- (* P) ?) = Main r-*’ i et ;r»::”ckf 0 L;;ui‘”‘fw“ ;zrle Of Wy
oein 2 ( “ohp —%4p \n? main D);
refurp () ;
K:
(1 Mai (m{ argc chor *~apqy ) 3
(at (*P) (irrl:, chap **) = oo ;
peintl ( “obp —%p N’ main, p);

retorn 0



Soru:
int  intemp (iak ™ int § L)é

reforn > é?;
3

£ﬂ+ X: Sj‘

%""-.
Lﬂ‘l' Y = g T ('i”&iiﬁtﬁ’i%ﬁfﬁ’"“ﬁ )
s £, |, f | ( " -
< MNGe yyaun Juﬂfﬁ on PO inier cec|\bgr €1
JJ
™~ % ; /
/ Lff{?ﬂ Cas 15’1} iz aTssan &
7 ] I 12, i {F v \, zf R 3
P ] “‘*iaj{flﬂﬁ ?Qiﬁ e Lk2¢/N Jen {: & f-;l(“ |
declare dectoe - p-
- % - K o 5 " ) ("" = ) ~
int (*P) (VOFC/ , void ) ; M’L/P it (7 ’
LS oSoN 1 ‘3;/? CCasT S ﬁ‘?%i‘?ﬁﬁ
) (void™, void Jinderp;  p= it
(ﬁ‘[' ( YOI(’ ; \/OI(J Iﬂ'fCJ’V??J 19— 1N Cmp
| | . .
Q DNCTION ff{l--jh S _%%! W 5{:/%-; o7 f,f:jﬁiq

?n+a=(*9)( 3e><,3&5); Zn+'2=(""p)( 3f><,rfg\‘:)>3

lntx = P(goc,gcy); int 2= p(&x,&j)i
Burde otemchle olomle it Fidadesi void *iJadesine implcit cast
ediImistor

£ = A"P (6/013"‘) ﬂx J uo.—cl “)&5) 2 m”“apknifgr Cast !:M“‘m j{iﬁ.{fﬁm’”‘_
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Structs and pointers

int main(){

pair obj;
#include <stdio.h> pair zeros;
typedef struct{ zeros.al = 0;
int ail; zeros.a2 = 0;
int a2;
} pair; pair *ptr = &obj;
obj.al = 1;
obj.a2 = 2;

*ptr = zeros;
printf("al: %d, a2: %d\n", ptr->al, ptr-»>a2);
return 0;

}

#include <steng. hd
ink man () §

strack  User §

choe nome [fﬁf’]; $ Tip Lamm lamas

nl id;
1: -

5"':"‘0{:"_ U‘fep U{;

/'_\\

S*rrﬁcon (u‘l.narﬂf, § l'5""“(¢, {O);-
ol il =% ;

Struct Vseer aI"P o gfu.{j
‘]Drfn%ﬂ (“% (0sN\a id: %.10d \n , pnere, p id);

At r; 3 bit | | |
int o Bbit 2-bit | Bbit R bit

f.'ﬂ’} 12 J § bit

LH’E ef\daa/\ :bﬁ{‘ én Sﬁjﬂi_(icqgm‘f' 3!9:10-
bfﬂeﬁdﬁan : pﬁ‘o en S'If}nl—gi(cnn{ Sﬁlcjm
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Common C functions Hersey dosye« POsS\X standort montro

POSIX mantra; “Everything is a file Operations on these objects

e Everything is a file descriptor e open, close, allocation, deallocation
o  an integer. are done through system calls.

Her ey dosyer integer olon file descriptor

int file fd = open(...); Dld.,u.gu icin biz bu clﬂ&:&ci&ﬁ
P le apsteririz
int network_fd = socket(...); i€ AesSCr f 70l 59C-b-€+ clf-u. QIC elﬁh jbﬁj'd' 1 d 90‘5
her sesl gBsteriy |

_int kernel fd = epoll createl(... ); The program interacts with these objects using
the API specified through system calls and
e These are all references to the kernel’s file library functions.

descriptor table (a table of objects).
e File descriptors are simply pointers to these
objects.

1/ i i
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System calls A system call is a request made by an active
process (through traps or software

User processes interrupts) for a service performed by the

kernel.
e cannot perform
privileged operations Cxamples:
3 e input/output (i.e., any movement of
/ information to or from the combination of
/ e request OS to do so on the CPU and main memory)
/ their behalf by issuing e creation of a new process.
/f system calls e And many more
https://man7.org/linux/man-pages/man2/sy

l\ scalls.2.html
\

|
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%CI"‘HC‘ e\ﬂﬁ IZ)'I'I“ LCrviS LSb‘Ef‘

Why do we need a system call?

USER MODE

Executing

Returns From
System Call

CON Contéx conkex swikch d.u}lc_,
Switch SWi‘l'Ct\ C.PL Gw';nM; @‘D fdlﬁlm

instructionlar: falop Aegrg&mn:m

Execute System CJ,,.,E.L-, aof

Call

CEMeget maey




How do we switch(transition) to kernel mode?

Arch/ABIl Instruction System Ret Ret Error Notes
call # val val2

callsys vO Vv0 a4 a3 1,6
arc trap0 8 0 - - |
armm%l oy e 2 Baz sistemlerde direle JICW:LP olopd:
arm/EA

| swi 0x0 7 M r - , . ) .
armé4 | svc #0 w8 x0 x1 - jc’%—[LCJﬂl [}30(‘ baztlar“rﬂ lﬁ‘fy’ifuc_‘(qm(wf lﬁ”l
blackfin | excpt 0x0 PO RO - -
i386 | int$0x80, eax eax edx -

ia64  loreak 0x100000 15 8 r9 r10 1,6 int HOx20
68k | trap #0 o  do - -

nicroblaze brkir14,8 M2 r3 - - [ U_L
ips syscall vO vO v1 a3 1,8 ne\(_‘j!f, Clﬁnc}.ﬁlmﬁji olar
ios2 | trap 2 2 - r7 ‘ﬂ+€r f'Uf"} 9c L " (d
86-64 | syscall rax rax rdx - 5 a.n(a.@t(:r‘. 6!"(1 a-mel o gor«ntu aigL.
32 syscall rax rax rdx - 5 . . . ’
xtensa syscall a2 a2 - - CPU ’ Uu“ ,n{err-u‘f?“‘ E'H:l. C'PU =gl
CPy 7man?.org/linux/man-pages/man2/syscall.2.html L_" | kamerewo cevop veriyor
Ce 5itleri

APl - System Call — OS Relationship

open()
user

mode
system call interface
kernel
mode A
- [ open()
Implementation
i » ofopen()
system call
return

Operating System Concepts Tenth Edition by Avi Silberschatz, Peter Baer, Galvin Greg Gagne
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(7 rerince kopyalere fodon Yaprmok ida hlloallon Lic ey
Example dup2() on x86

i read(fd, buff, len) l fork()
Kernel
System calls are specific assembly
instructions that T\ :
Bu bl colanten inf te durdu
. . ; i up
« setup information to identify the il Ve A
. »| C7590 dup2 /
system call and its parameters R /-
trigger a kernel mode switch 7595 mov QR alezbl e H
* 199 Wi <759f @‘i{gxaﬁ Gk e g
o retrieve the result of the system call —
L Kernel
—p| ENTRY(entry INTBO 32)
ASMﬁFLAC %eax # pt regs -Pp orig ax
> 1ﬂ!E_ﬂmLL pt_regs ax $ ENOSYS # save rest =

s L8] /X & N movl Yesp, %eax

- :';F | call dn_lniBU_syscall_El?

E_F g'}{j‘"i’i“; : RESTORE REGS 4 # skip orig_eax/error code

o [ | INTERRUPT_RETURN

hitps://linux-kernel-labs.github.io/refs/heads/master/lectures/syscalls.htmil

535(.@“ c}fﬁdde J\"rop gc;a?af‘ OLca loc2 mrmof‘i‘erd( Sﬂ“mcﬂ‘e Injt‘em,\gt

E.ﬁr;e?)"r[m bir iplemi Hapm‘th
_______ )(c-.r\ylafal[m beleomeyen dupum

An exception is an unexpected event occurs Hardware interrupt is an

because of the execution of an instruction unexpected event from outside the
(synchronous event).

Processor.

e Division by zero

e CPU detects this: Software interrupt (e.g., int 0x380)

e Exception ps 3 Exceprion Vs IS generated by the application
~mBreakpoint, Trap, Syscalls, pProg rams(S|m|Iar to traps).

division by zero
O

\9
0
S
\
O
0_
3
»
¥
D—
(=
T,
S
S

Memory faults(Page fault), b

https://stackoverflow.com/questions/3149175/what-is-the-difference-between-trap-and-interrupt
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C stderr, error messages

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

main(){
int dividend = 20, divisor = @, quotient;
if (divisor == 0){
fprintf(stderr, "Division by zero! Exiting...\n");
exit(-1); /*=exit(EXIT_FAILURE)*/

quotient = dividend / divisor;
fprintf(stderr, "Value of quotient : %d\n", quotient);

exit(0); /*=exit(EXIT_SUCCES)*/

Handling Errors: errno

e (C does not provide direct support for error errno
: : value
handling (also known as exception 1
handling). 2
3
e -1and NULL are used to indicate errors 4
5
e InLinux, global variable errno is assigned 6
to the code 7
8
e errno can be used to identify the problem ie
strerror() and perror() can be used to display the error ;;
message associated with errno 15

#include <errno.h>

#include <stdio.h>

#include <string.h>

int main(){
FILE *f = fopen("/does/not/exist.txt", "r");
if (NULL == f){

fprintf(stderr, "Errno is %d\n", errno);

/*
/#
/*
/*
/*
/*
x*
/*
/*
f*
/*
/#
/*

Error

Operation not permitted */
No such file or directory */
No such process */
Interrupted system call */
I/0 error */

No such device or address */
Argument list too long */
Exec format error */

Bad file number */

No child processes */

Try again */

Out of memory */

Permission denied */

fprintf(stderr, "Description is %s\n", strerror(errno));

perror("Description is ");



Common Bugs in C Programs

void mystrcpy(char *dest, char *src){
// void means no return value
while (*src) { walle siC _!= “\0’
dest = src; src++; dest++; '*<;|¢a+ = ""'sn:,

} »® Y desk ¥ 5
dest = sic Src 4+ 3

)
[while( (*dest++ = *src++ )) {};/*bad coding practice!*/

/####*###*####**#*####*##*###*####*#*###/

int *p = malloc(sizeof(int));
free(p);
*p = 123; /* Oops! - Dangling pointer!

Writing to memory we don’t own anymore */

free(p); /* Oops! - Double free! */

/*buffer overflow/underflow*/
#define N (10)

int i = N, array[N];

for( ; 1 >= 0; i--) array[i] = i;

gets(array); /*WRONG!: Let’s hope the input is shorter than my array!*/

/*Do NOT use gets, very unsafe!!!l*/
/*alternative fgets*/

/*Strings require strlen(s)+1 bytes*/ ‘]h

N ‘* -ﬁ u._‘\—
/* returns a copy of ’input’ */ | ?
char *strdup(const char *input){

\
char *copy; %u éff‘ﬁt'- ?D
copy = malloc(sizeof(char *)); /* nope! this allocates space for Cﬂ,aﬁ ajnli ':J

ke <l
)

a pointer, not a string */

copy = malloc(strlen(input)); /* Almost...but what about the
null terminator? */ “/0" , glr_lfnﬁﬂ'&kr_

copy = malloc(strlen(input) + 1); /* That’s right. */ s&cﬁﬁ AEJ j(’-{. ﬂld)ﬁ
strcpy(copy, input); /* strcpy will provide the null terminator */
return copy;



/*Using uninitialized variables*/

int myfunction(){

int x;

int y

= X + 23

/*Assuming Uninitialized memory will be zeroed:

Automatic (temporary variables) and heap allocations may contain

random bytes or garbage.*/

void myfunct(){
char array[10]; S*‘CAL\J\‘C

char *p = malloc(10); \'\e_ GP éﬂ

/*Equality vs equal*/
int pl, p2;
pl = p2 = 0;

int answer
if (answer = 42){

3; // Will print out the answer.

printf("The answer is %d", answer);

if (42 = answer){ /*compiler will catch the

error*/

printf("The answer is %d", answer);

Uﬁir\ﬁ a clebu53cc\

Using a debugger

GDB is short for the GNU Debugger.

A program that helps you track down errors by interactively debugging

them.

It can start and stop your program, look around, and put in ad hoc constraints and

checks.

-g option add debugging information to your program

gcc -g -0 hello hello.c

Intro to gdb

gdb programname
or
gdb programname core

to examine the coredump as if the program was
running and had just faulted.

In GDB

run or r: runs the program

bt: backtrace when a segfault occurs
p: print the value of a variable

Google gdb cheat sheet to get a list of
commands in gdb

C..L'J']‘o

[erCJk{tc~ l{(}f‘:‘Dléxff

neeMic Qf¥?¢

Soncdigo L el

nde Lols

/*Extra Semicolons*/
for (int 1 = 0; 1 < 5; i++);
printf("Printed once");

while (x < 10);

Xx++; // X is never incremented

PPOgi‘amq l)reola Poi(‘k\tf lﬁot]u,\o?hjor-

sonUT - Slgl‘:) ¢

a . \;;U gﬂ?na in,Parmcd?oﬁ
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90“:; kUl\Clnmc..L— a0 B ﬁ‘psigon

/U\emaf‘% ledddk —> \)a(grinck

Setting breakpoints programmatically

int main() {
int val = 1;

val = 42;
asm("int $3"); /* generates interrupt*/
val = 7;

$ gcc main.c -g -0 main

$ gdb --args ./main

(gdb) r

La & il

Program received signal SIGTRAP,
Trace/breakpoint trap.

main () at main.c:6

6
val = 7;
(gdb) p val

$1 = 42
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int file _fd = open(...); . kor QDM
" Lle desc (i
subsequent operations (reading, writing, and so on)
e opening a file returns a file descriptor, are done by using the file descriptor
An integer from 0 to max
o  Each process has write(file_fd, "Hello!", 6);
b’ m OSTDIN_FILENO for stdin _ e’ -
Her bis = 1 STDOUT_FILENO for stdout Lle_desceiptor Numaras) Hoagi dedga i€
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Fds for a single process

File descriptors ' o file table: table of the list of open files
0 File table per-process
read o maintained by the kernel
| \ > file descriptors(fds): nonnegative

inoce tible integers that are used to index the entries

write /y /home/joe/wikidb of the file table.
W o  Each entry in the list contains information
D read-write \.—

= | |

about an open file,

m including a pointer to an in-memory
copy of the file's backing inode and
associated metadata, such as the
file position and access modes.

/etc/passwd

hitps://en.wikipedia.org/wiki/File descriptor

e Note that multiple file descriptors can refer to the same file table entry (dup system call),
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More on File descriptors olbsck degidlaeh cursn
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e File descriptors point to more than files e File descriptors may have a notion of

o Remember “everything is file” in POSIX position. These are known as seekable

o  Anything you can read or write (accessing streams.

devic-es) o  Aprogram can read a file on disk
e the operating system keeps track of them completely because the OS keeps track of
e file descriptors may be reused between the position in the file, an attribute that
pProcesses, belongs to your process as well.
o  but inside of a process, they are unique. e Other file descriptors point to network

sockets and various other pieces of
information, that are non-seekable
streams.
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read() system call

#include <unistd.h>

ssize_t read(int fd, void *buf, size_t count);

e attempts to read up to count bytes from file descriptor fd into the

memory-buffer pointed by buf.

-> Returns a value indicating number of bytes read from the file

€ 0 indicates EOF
4 -1 indicates an error
€ > 0, indicates the number of bytes read

read() system call

#finclude <fentl.h> /* open */
#include <sys/types.h>/* needed on some UNIX */
#include <sys/stat.h> /* needed on some UNIX */
#include <stdio.h> /* perror */
#include <unistd.h> /* read,close,write */
int main () {

int fd = open("file.txt", O_RDONLY) ;

if (fd == -1){

perror ("cannot open file: ") ;

return -1;

write() system call

ssize t ret; char buf[BUFSIZ];
ret = read (£d, buf, BUFSIZ);
if (ret == -1) {

perror ("cannot read");

close (£fd) ;

return -1;

buflret] = '\0';

printf ("%s", buf);
close (£d) ;

return 0;

#include <unistd.h> /* read, write, close */

ssize_t write (int fd, const void *buf, size_t len);

e writes up to len bytes from the memory pointed at by buf

-> Returns a value indicating number of bytes written to file

€ >-1indicates number of bytes written

€ -1 indicates an error

write() system call

#include <fcntl.h> /* open */
#include <sys/types.h> /* needed on some UNIX */
#include <sys/stat.h> /* needed on some UNIX */
#include <stdio.h> /* perror */
#include <unistd.h> /* read, write, close */
#include <string.h>
int main(){
int fd = open("file.txt",
O_WRONLY | O_APPEND | O_CREAT,
S _IRWXU);
if (fd == -1){
perror("cannot open file: ");

return -1;

ssize t ret;
char buf[100] = "hello";

int len = strlen(buf);
ret = write(fd, buf, len);

if (ret == -1){
perror(“cannot write!");
close(fd);
return -1;

}

else if (ret != len){
printf(" written data "

"less than len! error?");

}
close(fd);

return 0;
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bu{Per adrest

(d Gaerinden cmart bwte Laders
\(epfji Memor Y cch: LuFQe/‘ (2108
ohu
O chch; sonna ulaslds EOF

pozidil sy Olwnan byte seeys,
-1 Bir hale deste

int pei = Open ("Wt .{:x{/:_o,. Epwﬂ)
Burad a o’a&bu KDWR ile aqflc[{c}:
icn  write kollonld@nde baefr
Amsganm v2ecine ‘:fa%.tlcu.alcft/‘:
Cile 4%t Lile AXT
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fopen() mode open() flags
r O_RDONLY

fopen VS Open W O_WRONLY | O_CREAT | O_TRUNC

_egpeﬂl [ld‘:}? b-'I' PD-'”%EP :+ SI;EE:LY | O_CREAT | O_APPEND

FILE *fdopen(int fd, const char *mode); W+ O_RDWR | O_CREAT | O_TRUNC
O_RDWR | O_CREAT | O_APPEND

FILE *fopen(const char *path, const char *mode); 23+

EFILE *f = fOpen("a'File.txt", ur.+u); int fd = Open( afile.txt", O_RDWR)_;

-> Low-level system call..

=>  Highlivel glibc function: stdio.h, =  You need to handle most stuff.

=>  Provides stream with buffer

_Popen

f\er::cl

VS I_1
D ﬂ;:‘__. dq:;‘:-_um —

Mﬂ b«jbc,bfftc

open \31(03: cUna ,.OUJ |€dct
ot Feylen kendimiz  handle
e4mcndc c;allzsgu‘uZ-
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open
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repositioning the file offset

#include <sys/types.h>
#include <unistd.h>
off 't lseek(lnt fd, off _t offset, int whence),

) < Bk _CUR  ya2inco meveick durum + ofset

whence: SEEK - EnND YezNCen Sizeof file ‘f':'?'{?-"f{
e SEEK SET SC[‘_\(__ SET ‘jcﬁz.mc'_c« ‘oﬁﬁlﬂ-nalqhn ""‘:’Pe '_bc.‘('
o The file offset is set to offset bytes.

e SEEK CUR
o The file offset is set to its current location + offset bytes.
e SEEK_END

o The file offset is set to the size of the file + offset bytes.

STAKT
STAR SEEW - SET SEER - CUR,
e
4 e
,fﬂﬁﬁwﬁfﬁiﬁﬁhxf
% £
& f‘ggm’i
f%F{%?T'
-f
read() system call
#include <unistd.h>
ssize t read(int fd, void *buf, size t count);
e attempts to read up to count bytes from file descriptor fd into the
memory-buffer pointed by buf.
-> Returns a value indicating number of bytes read from the file
€ 0 indicates EOF
4 -1 indicates an error
€ > 0, indicates the number of bytes read
d() t " ssize t ret; char buf[BUFSIZ]; 9
read() system ca cat = read (£d, but, BUFSIZ); LAy K W{-m -
By E— i @l DoutMa
if (ret == -1) { / y m
perror ("cannot read");
finclude <fcntl.h> /* open */ close (£d) ; —

#include <sys/types.h>/* needed on some UNIX */ return -1:;

#include <sys/stat.h> /* needed on some UNIX */

} FOC cumn
finclude <stdio.h> /* perror */
finclude <unistd.h> /* read,close,write */ ({:’P'e'ﬁ -) 'S
int main () { buf[ret] = '\Q' H

if(fd == -1){ y
printf("%s", buf);

perror ("cannot open file: ");

return -1; close (fd) ;

} return 0;

int £fd = open("file.txt", O RDONLY) ; Of en — l 5 {C_ i bﬁ‘kc



tdefinc JNPUT- Si2E 256
Che- 'm\:)ufg E’WBUF_SlEEj = i\kﬁé )
inT LU{C';,
while (1) 3
weite (1 “ﬂ”,l) 3
L(( abyte = read (O jnbuf ,255)) <=0) 3
perror (Mipput <= 0kyle ") ;
5 else 3
}nbu/[ﬂéy&‘f’/] - (o
3
chor *olenzstriol (nbuf " \t\n‘);



Process Content

Processes are isolated! Each process gets:

e Astack

o The stack is the place where automatically
allocated variables and function call return
addresses are stored.

e Aheap
o  Manually controlled memory allocation for
objects (malloc)
e A data segment
o Initialized data segment
m Intglobal =1
o Uninitialized data segment / BSS
m int global; //assumed to be zero
e Jextsegment

o  Executable instructions
o  Readable but not writable

/*taken from the book linux programming interface*/

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

char globbuf[65536];
int primes[] = {2, 3, 5, 7};

static int square(int x) {
int result;
result = x * x;
return result;

static void docalc(int val) {

printf("The square of %d is %d\n", val, square(val));

if (val < 1000) {

int €;

t = val * val * val;

printf("The cube of %d is %d\n", val, t);

Peoepam Dosya™>

RAMle
NS fuw g Xion \es
ﬁjtﬁu[.

\aced et
stack
' Other contents:
e Running state
0 e File descriptors
--------------------- e Permissions
w\\nﬁi e Arguments
= Aj““m e Environment variables
uninitialized data 3l,|g\9‘"\ 51-,-{“3, consfan-l-
bss .bkaktc'
initialized data
data
text

/* Uninitialized data segment */

/* Initialized data segment */

/* Allocated in frame for square() */

/* Allocated in frame for square() */

/* Return value passed via register */

/* Allocated in frame for docalc() */

/* Allocated in frame for doCalc() */

Process keadidl I"’aj"
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Memor i
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Process ID (pid) Bidan Prc;.(_cf:.ﬂer\.‘n Lenct id s

Each process is represented by a unique e The first process kernel executes after
identifier booting is init process with pid 1 VOJ‘

To list processes in Linux

|
f : . -
13 Pf': e Process lers 5treé pr: 2
$ps aux e When there are no other processes
running, kernel runs idle process with pid 0

e PID TTY —TIme  CMD
| e 1255% J:Jcbs 000
12983 t 45000
2Rilei sanar b cedgmada bood sonras,  $lall -3 PID
inik Oro cess olusul pid = le pmc.e.a:s(a* Sfdamle!:jffr:
Vi Eger calisaun baska bir oCess wolsa
01d 51 O olon idle process  Gul iz

@ nit  ProcesS D 1
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close (1); stdout 'u kapd
int fd = open ( “yem. txt ", O_CREAT | O-WKONLY | 0_TRUNC | 0bbt)
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@ Final Solution (Writer Priority)

@ Writer Code

void writer() {
lock(&m);
writers++;
while (reading || writing)
cond_wait(&cv, &m);
writing++;
unlock(&m);

// Write here

lock(&m);

writing--;
writers--;
cond_broadcast(&cv);
unlock(&m);

@ Reader Code

void read() {

lock(&m);

while (writers) // Check waiting writers
cond_wait(&cv, &m);

while (writing) // Ensure no active writer
cond_wait(&cv, &m);

reading++;

unlock(&m);

// Read here

lock(&m);
reading--;
cond_signal(&cv);
unlock(&m) ;

Deadlock o—

a. Thread 1 holds lock A and requests lock B

Dead,OCk descrlbes a b. Thread 2 holds lock B and requests lock A
situation where two or

more threads are blocked Headlock occurs when
forever Wa|t|ng fOI‘ eaCh o Threads that are already holding locks Sta I'Vatlon

request new locks
« The requests for new locks are made

concurrently | | Starvation describes a
e Two or more threads form a circular chain
in which each thread waits for a lock which S|tuat|0n Whe re a th read |S
IS held by the next thread in the chain .
unable to gain regular
access to shared
resources and is unable to

make progress.

other.

Livelock

A thread often acts in
response to the action of
another thread. If the
other thread's action is
also a response to the
action of another thread,
then livelock may result.



Deadlock: Resource allocation graphs

If there is a cycle in the Resource Allocation
Graph and each resource in the cycle provides

only one instance, then the processes will
deadlock.

We can detect a deadlock by traversing the
graph and searching for a cycle using a graph
traversal algorithm, such as the Depth First

‘Resource 1 I |Resource 2| Search (DFS).

Deadlock: Resource allocation graphs

If there is a cycle in the Resource Allocation

Graph and each resource in the cycle provides
@ @ only one instance, then the processes will
deadlock.

N\
N\
N\
We can detect a deadlock by traversing the
\‘ graph and searching for a cycle using a graph

traversal algorithm, such as the Depth First
‘ Resource 1 I |Resource 2| Search (DFS).

borsllele Dislumes

1. Mutual Exclusion: No two processes can obtain a
esource at the same time. Kpikild cection de. sedace | thred alab L:fpﬂs*f-

Deadlock can happen if and only CircttarWait: There exists a cycle in the Resource

if the four Coffman conditions are Allocation Gra Cirtude~ Wait
satisfied. a. there exists a set of processes {P1,P2,. .. } such that P1 is

waiting for resources held by P2, which is waiting for P3,. . .,
which is waiting for P1.

3. Hold and Wait: Once a resource is obtained, a process
keeps the resource locked. Resovr<e ailf J;z‘gli‘yarﬁam
4. No Pre-emption: Nothing can force the process to give

up a resource. pleden beklion di Ye woren 3{:&5&

Coffman conditio

Proof in the book

See also simulations in
https://en.wikipedia.org/wiki/Deadlock#Individually neces
sary and jointly sufficient conditions for deadlock
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Terminology

A page is a block of virtual memory.

e Atypical block size on Linux is 4KiB
or 22 addresses,
e one can find examples of larger blocks

Page Number

a frame or sometimes called a ‘page frame’ is
a block of physical memory or RAM — Random

Access Memory.

e Aframe is the same number of bytes as a
virtual page or 4KiB on our machine.

Frame Number

Figure 9.1: Explicit Frame Table

22 bit PCiain
{tane soayfa
e 32-bit computers

2"32 address/2*12(address/page) = 2220 pages.

Page table

e 64-bit computer
2"64 address/2"12(address/page) = 2"52 pages

=~ 10M5

e o access a particular byte in a frame, an MMU
goes from the start of the frame and adds the

offset

LKDB ise 27 ile adneslenir
Dnloﬂ\bl'jta 224:: g.oeq u{‘bb;bf

Page Number Frame Number
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