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Cb3gaBaHe U U3nbiiHeHUe Ha

Source Assembly Object Executable
Code Code Code
X.C cc X.S as X.0
*| Stack
T
—J¢— ——Jeb— —J¢—- —(os]—-|-=
— VWY 00| 02 VY | 10101 010 Data
y.c cc V.S as y.0 Id a.out
Code
j 0
z.c cc Z.8 as Z.0
Compiler Assembler Linker Loader
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KOMMOHEHTU

 Acembnep (assembler) — TpaHcnupa Bb3NpmuemaHa ot
4YoBEKa BEPCUA HA MALUNHHUTE NHCTPYKLMK B MALLNHEH KOf,
roTOB 3a AMPEKTHO N3NMbINHEHNE BbPXY Npouecopa.

 Komnunatop (compiler) — TpaHcnnpa e3uK OT BUCOKO HUBO
B MaLLUWNHHU NHCTPYKUNM.

« CpBbp3Bawa nporpama (linker) — cebp3Ba moaynum c
MaLUMHHU MHCTPYKUUN B €ONHEH U3MBIHUM (hann.
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dopmaT Ha dhann c obekTeH Koz

Heobxoammo e Aa BKNOYBa:
— MaluHeH Kog Ha MHCTPYKUUnTE
— CTOMHOCTM Ha UHNLMANU3NPaHN JaHHU

— [eTannu Ha n3mckBaHoO NPOCTPAHCTBO Ha
HeUHMUManu3anpaHn JaHHu

— JedunHnpaHu cnmeonu

— HepeduHupaHu, Ho nanonssaHM CUMBONMU
— WNHdopmaunsa 3a npemectBaHeTo

— BxopgHa Tou4ka
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BuaooBe o0bekTHU pannose

* [lpemecTBaem obekteH damn (Relocatable object file) - .o
* ManbnHum obekteH dann (Executable object file) - a.out
» CnogeneH obekTeH file (Shared object file) - .so
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dopmaT 00EKTEH KOA

« Common Object File Format (COFF)
e Linux - Executable and Linking Format (ELF)
» Windows — Portable Executable (PE)
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Sechons

Descnbes
object file
sections

ELF dpopmaT

ELF header

| . Cext

.rodata

.data

[ .strtab

Section header table
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PE cdoopmaT

PE File Format

WMS-DO S
MZ Header

WM3-D 0S5 Real-Mode
Stub Program

FE File Signature

FE File
Header

PE File
Optional Header

text Section Header

bss SectionHeader

rdata Section Header

.debug Section Header

text section

bss Section

rdata Section

.debug section
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[lpumep 3a pasgenHa komnmnauus

main.c

int buf(2]

int main()
{
swap () ;
return 0;

= {1, 2};

swap.c

extern int buf]|];

int *bufp0 = &buf[0];
static int *bufpl;

void swap ()

{

int temp;

bufpl = &buf[l];
temp = *bufpl;
*bufp0 = *bufpl;
*bufpl = temp;
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[lpumep 3a pasgenHa komnunayms

# gcc —o p main.c swap.c

#./p

main.c

1

swap.c

|

Translators

Translators

(cpp, ccl, as) (cpp, ccl, as)
II.'I.E.llTl « O swaltp . O

|

|

Linker (Id)

l

P
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Acembnep

« AceMOGnepeH e3uK — TEKCTOBO NpeacTaBsiHe Ha BCSKa
MaLLUWHHA UHCTPYKLIUS.

* Twunn4yHo onepupa B ABe dhasu:

— ®a3sa 1 — nzunucnsasa HeobxogMMOTO NPOCTPAHCTBO
nameT, usrpakga tabnmua Ha CUMBOSNTE.

— ®a3za 2 — obpaboTBa OTHOBO copca, N3non3Bankn
Tabnuuarta Ha CUMBOSINTE KaTO 3aMEHSI CUMBOJSIUTE CbC
CTOWHOCTM.
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A=23
B=45
C=0

While (A>0) {

PyHKUMOHUpPaHE Ha acemMbriep

C=C+B
A=A-1

/[ Assembler ]\c‘
Assembler Source Object Code

word
B word 45
L word 0
main  loadm A
jmpz  end
loadm C
addm B
storem C
loadm A
1
A

3 =

0D = M h & W O = O

subc

storem
jmp

CO | G| s | s | ] n | B | D RS
s | i b= | || =i | ik

TeKkcToBO NpeacTaBsHe [BOMYHO KOAMPaHW UHCTPYKLUM 1
AaHHU
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2- dba3oB acembnep

Pass 1~_- build up Symbol Table Pass 2 - output Object Code
: :z:: i: | Table ; :Z:g i: | Symbol Table | j; ‘11
C word 0 . Value = “word 0 Label - )
main loadm A : main  loadm A 7 0 3
jmpz  end impz__ end g 12 B4
loadm C loadm C .
addm B addm B ;_r — s
storemn C storem C 2 1 6
T || et 3 3 7
subc 1 subc 1 2 o &
storem A storem A & 1 g%
Jmp miain jmp main 3 [
end end 8 1 11
. |
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CBbp3Ball, pegakTop

CBbp3Ba pasnnUyHN 0OEKTHM MOAYNN B
eVHEeH U3MbIHUM Ko, NpoBepsiBalku 3a
N3MNoN3BaHeToO Ha CUMBOJSUTE.

Peanuanpa npemMecTtBaeMoCT Ha rnporpamumTte
— HacTponBa pedepeHUnnTE Ha CUMBOSINTE
Ccbobpa3HO HOB HayaneH agpec (relocation).
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[lpemecTBaHe (relocation)

« [lporpamarta e 6buna acembnupaHa ot Ha4yaneH agpec 0;
« 3apexpaa ce B nameTtTa ot agpec 100 -> relocation.

of wal
1 + | 45 B
B adﬂnﬂﬁ 1wel5 | 101] addmB
Relocation
« gdd 100 to absolute
addresses
» some operand fields
have to change (e.g- 1
to 101)
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[lpeHacTponBaHe Ha agpecu

« [lpomsiHa Ha dbarna c 0beKkTHUS Ko

A word

Chbject Code File
Loc Value Relocate?

B word

C word
main loadm

jmpz

El:".ltdhr

foadm

addm
storem
loadm

ool - | o | o] | ] = | =

subc

storem

jmp
end

miain

IR I T e ] el e R R =R R

om | Ras] o] | g | v | ea] ] s
| =] | = e | e | ] ] =
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Buoose cumBONNn

* Tnobanuu, necduHupaHn B moayn M, KbM KOUTO
MOXe Aa umMa obpbLUEHMSA OT OAPYrn MOAYINN;

e FNnobanHu, KbM KOUTO MMa 0bpbLUEHUA B Moayna M,
HO ca geduHupaHu B Apyru moaynu (externals);
 JlokanHu, Konto ca gePuHupaHn n nma odpbLLEHUS
KbM TAX eOUHCTBEHO B moayna M.
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int bu

Global

l

[2]

int main()

{

}

swap () ;

refurn 0;

Buoose cumBonu (2)

Global

= {1, 2};

main.c

External

Linker knows _—

nothing of temp

N

External

l

Local

{

extern int buf[]:

int *bufpl0 =
static int *bufpl;

et =

void swap () € Global

int temp;

ufpl =
temp = *bufpl;

*bufpld = *bufpl;

*bufpl = temp;

&buf[l] ;

swap.c
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Pa3peliaBaHe Ha CUMBOJIU
(Symbol Resolution)

void foo (void)
int main() {

foo (),
return O0;

unix> gcc -Wall -o linkerror linkerror.c

/tmp/ccSzbuti.o: In function ‘main’:
/tmp/ccSzbuti.o(.text+0x7): undefined reference to foo’

collect2: Id returned 1 exit status
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MHoxecTBO gemnHupaHun rnobanHu
CUMBOSN

[1lpaBuno 1: He ce gonyckat MHOXeCTBO Strong
CUMBOIMW.

[TpaBuno 2. AKo nma strong n weak cumBonn,
n3dbupa ce strong.

[MpaBuno 3: AKO nMa MHOXeCTBO weak CUMBONMN,
n3dupa ce npon3BOJSIEH.

Strong — OyHKUNM N NHULUMANU3UPAHU rnodanHu
NPOMEHINBYU
Weak — HenHnunanusupanu rmodbanHmn cMmMBonu
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MHoxecTBO gemnHupaHun rnobanHu

CUMBOJIN
/* foo.c */ /* bar.c */
int main() { int main() {
return 0; return 0;
} }

unix> gcc foo.c bar.c
/tmp/cca015022.0: In function ‘main’:
/tmp/cca015022.0(.text+0x0): multiple definition of ‘main’
/tmp/cca015021.0(.text+0x0): first defined here
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MHoxecTBO gemnHupaHun rnobanHu
CUMBONU (2)

/* foo.c */ /* bar.c */
int x = 1234; int x = 5678;
int main() { int test() {

return O0; return O0;
} }

unix> gcc foo.c bar.c
/tmp/cca015022.0: In function ‘main’:
/tmp/cca015022.0(.text+0x0): multiple definition of X’
/tmp/cca015021.0(.text+0x0): first defined here
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MHoxecTBO gemnHupaHun rnobanHu
cumeonm (3)

/* foo.c */ /* bar.c */
void f (void) int x;
int x = 1234; void f£() {
x = 5678,
int main() { }
£();

printf (“x=%d\n”, x);
return 0;

unix> gcc -o foobar foo.c bar.c
unix> ./foobar
x = 5678
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MHoxecTBO gemnHupaHun rnobanHu
cumsonu (4)

/* foo.c */ /* bar.c */
void f(void) ; int x;
int x; void f() {
x = 5678,
int main() f{ }
x = 1234,
£()/

printf (“x=%d\n”, x);,
return O0;

unix> gcc -o foobar foo.c bar.c
unix> ./foobar
x = 5678
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CBbp3BaHe Ha Moaynu

/* main.c */ /* incr.c */
int A;
int B: void incr(int x) {

return(x + 1),

}

int main() {
A = incr(23);
B = incr (45);

return 0;
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CBbp3BaHe Ha Moaynu

* Wa3rpaxpaHe Ha Tabnuua Ha BbHLUHUTE CUMBOMU

Value Rel?

0 | addc 1 n
1 | ret n

External Symbol Table

T = Code Label

D = Data Label
U=Undefined Value

Bceku enemeHT Konto € U coum KbM CNUCHK OT

€l1IeMEHTH, N3non3BaLln TO3N ETUKET

e - o e | i ] s i | =

External Symbaol Table

main
IBCT
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CBbp3aH 00eKkTeH MoayIt

Linker

loadc

call
stoTem

loadc
call
storem
ret

0
1
.
3
i
&
7
g
o

E|l'|=w|EB|=I=|E|E|E|E|E

—
=

External Symbol Table

MmAln T 4
ImCr 1 ]
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3apexgaHe Ha nporpama

« KnoyoBa dyHkuma Ha OC, peanuaupaHa ot
crneuunaneH komnoHeHT — Loader.

« [lporpamarta ce nony4yaBa KaTo OOEKTEH
doaunn.

 OnpepensaHe Ha obnacTt oT namMeTTa KbAeTo
Oa ce 3apeau (HavareH agpec).

« [lpeHacTponBaHe Ha agpecuTe Ha
BbTPELUHNTE CUMBOSIN B OOEKTHUSA KOA.
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3apexgaHe Ha nporpama

Relocating loader

pros

Wi | e | - | o] ] b | R | i | |

-
f—]

eniry point = 4

MEemory
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Bbnpocu?
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