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Linking, Loading, Libraries

O Linking: H dtadikaoio 0mtou armo noAAd .o apxeia kot apxeia BLBAL0BAKNC,
TIOLPAYOU LLE EVa EKTEAEOCLUO apXElo a.out

O Loading: H dtadikaoia omou to ekteA€oipo apxeio a.out dopTwVETAL OTN
VAN KoL opxilel n ekteEAeon Tou
Q Apxeio BLBAL0ONAKNG
0 Eival éva “archive” mou mepléxel moAAA .0 apyeia yta va Exoupe Alyotepa apxeia
O Apa ta apxeia BLPALoBAKNG emti tng ovoiag dev dtadEpouv armod ta .o

o 2tn C ot BBALoONKeC ovouaZovraL libNAME.a, rt.x. libc.a yia mv standard BBAL0ONAKN ™G
C, libm.a ywa tnv BBALOBrKN TTOU £XEL uaenuauksq ouvaptnoelg, libsock.a, libpthread.a,
Kol TIOAAEC AAAEC

0 [ va Baloupe oAAd .o apxeia o€ pa BBALOOAKN LITOPOUE VA XPNOLUOTIOL)OOULE TO
npoypopupa ar (archive)

gcc —ansi -pedantic -Wall -c max.c

ar -r libmax.a max.o

gcc —ansi -pedantic -Wall -c main.c

gcc -static main.o libmax.a [f) gcc -static main.o -L. -1max]

O Ol evTtoA£g AUTEC lval yla T cuoTtApaATo Tou TURpatoc (m.x. milo)

O To linking Twv .0 apyelwv og eva EKts)\eotuo yilvetat anod éva npovpauua

nou ovopadletal link editor ) yta cuvtopia linker kot mapadoolokd eival To
ekTeEAEOLHO 1d

o O gcc otnv nopanavw akoAouBia evtoAwv, otnv teAeutaia evtoAn, anAd KaAet tov linker
HE To KATAAANAQ paths kot moapapetpouc — To mpoypappa gee ival evac “driver” mou
KoAel dAAQ tpoypappaTa (tov preprocessor cpp, tov compiler ccl, tov linker Id)
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Static vs. Dynamic Linking

Q  Static linking: To linking 6mou 6Aa ta .0 apyeia Tou TPOYPAUUATOC Kol TwV BIBALOBNKwV TormoBeTouvtal oto
EKTEAEOLUO a.0ut
O  Xto otatiko linking n Stadkaoia tou loading eivat amAni agpou To ekTeAECLUO a.0ut TtepLEXeL OAa 6oa xpelaletal (debouéva,
KwOLKA) yla va TpEEEL TO TTPOYP AU O
O  Ouotatikég BLBALoOnkeg ovoudalovtal libNAME.a (0nwg elmape)
O To 1° apvntikd elval OTL To a.out Telvel va elval HeyOAo yLaTi tepLléx el Kat OAEG TIG BLBALOOAKEG — AUTO CAEPA YLA TA TILO
TIOAAQ CUOTNLOTA ELVOL LIKPO KAKO — YEVIKA 0 XWPOG oTou¢ Slokoug eivat onpepa “"moAug”
O To 2°Kal HeyaAUTEPO APVNTIKO OTOLXELO elval OTL kKABe popd mou Baloupe To a.out TN LVAUN SNULOUPYOU LE UTTOXPEWTLKA
€va avtiypado twv BLBALoOnkwv (yla kABe a.out) Kal KATAVAAWVOU UE UV N TToU €ival MOAUTIMN (OXETLKA Alyn Kot akplBn)
O Dynamic linking: Zto duvaputko linking ta .o apyeia tou npovpauuaroq (evwvovtat) o €va a.out AAAAOXI ol
BLB)\Loenqu (Ttou Tg ovopalou e Kat shared objects — amd 6mou npospxerat Kol To emiBepa .s0). To EKteAsotuo
TIEPLEXEL HOVO TIANpodopieg yia to Ttoteg BLPAL0OAKeG Ba xpeLaotel, aAAA OXL ToV KW Ika TwV BLPALOBNKWY

o  Ovopaddletat kal “linking pe shared objects” ywati o okomog tou dynamic linking eivat ta Stddopa modules va eivat shared
(.0 apxeia, BLPALOONKEC)

Otav 10 ekTEAEOLUO a.0ut popTWVETAL O0TN KUvA N Xpelddetal va yivel link pe tig BLPALoBnkeg (shared objects)

KaBe BLBALoOnKN Tomobeteital povo pia popd otn pvApn yia OAA ta mpoypappota

Av n BLBALOBN KN o XpeLlAleTal Eva TPOYPOLHA UTTAPXEL TOTE yivetal to linking pe autn

Av 6ev uTtapxeL, Tote Ba dopTtwOBEL oTN HVAUN, VLo OAQ T TTPOYPALLUATO TTOU Bal TNV XPELAGTOUV OTH CUVEXEL

21Tn ouvéxela o loader emavaiapBavel pEpog tng Stadikacia tou linking avaueoa oto a.out kat oTig SuVaULKES BBALOONKEG
Katomiv 1o a.out prmopel va ekteleotel

Ot Suvapikeg BBA0Onkeg ovopdalovral libNAME.so (.so amo to shared object)

Ot Suvapikeg BLBALOBr keg tapdyovtal amnod éva cUVoAo .o apxeia pe tov link editor (Id) pe tnv mapauerpo —shared
gcc —ansi -pedantic -Wall -c max.c
ld -shared -o libmax.so max.o
gcc —ansi -pedantic -Wall -c main.c
gcc -shared ./libmax.so main.o [f) gcc -shared main.o -L. -lmax]

Ol eVTOAEC QUTEC €lval yla T cuotipata tou TuRpatog (m.x. milo)
O IuEpa XpNOWOTOLELTaL TIEPLOOOTEPO TO Suva Ko linking kat eival kat To default oTLg TTLO TTOAAEG TEPLMTWOELG

O  AMG umdpyxouv apkeTol Adyol yla Toug omoiou g XpeLlalo LaoTE Kal To oTaTLkO linking, To omoio e€akoAouBel va
XPNOLomoLelTal

o [M.x ne to otatiko linking dev e€aptopacte anod to av untdpxouv ot BLBALOBNKEC TTou XpeLATETAL TO TIPOYPOUUA LA OTO
ovuoTNUa IOV Ba TPEEEL TEALKA

0000 000D
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Linking: Link Editor

main.c:

extern int x; f.c:

int y=1; ‘

extern int f(int); int x=2{

int main (void) { ?Xternllnt V&
x = f£(x); int f (int a) {

return x; return atx+y;

} }

main.o offset contents
f.o offset contents
0: 0
Data +0 : 1 :
section Y Data +0 x: 2
section
4: +0 main:leal x?, %ebx . B
Code +4 pushl (%ebx) 4: +0 f: popl %eax
section +8 call £? C?de +4 addl x?, %eax
. section +8 addl y?, %eax
+12 popl %ecx
+16 movl %eax, (%ebx) +12 ret
+20 ret EST index name | def/used | otype | mem loc | segm
EST index name | def/used |otype | mem loc | segm 0 x | D | OBJ I +0 | data
0| x | U |OBJ | - | - 11y | U | OBJ | - | -
11y | D |OBJ | +0 | data 2 f | D | FUN | +0 | code
§ £ , U | FUN I _O - 4 RT index loc | EST loc | rtype
main | D | FUN |+ | code 0 +4 | 0 (x) | abs
RT | index | loc | EST loc | rtype L] *8 2 ) | abs
0 +0 | 0 (x) | rel
1 +8 | 2 (f) | abs
a EST = External Symbol Table: A symbol table (SymTab of assignment 3) that contains all global and external symbols in main.c
a RT = Relocation Table: Contains one entry for each location in the code of main.c that uses a global/external symbol
a otype = Object type: The type of object. OBJ = var, array, etc. FUN = code in a function
a mem loc/segm = memory location/segment: Location of object in memory in the corresponding segment
a EST loc = EST location: Location of referred object in EST
a rtype = Reference type: Type of reference in the code - can be either an absolute (abs) or a relative (rel) address
a The link editor performs the following three steps:
m] 1. Merge: copy files .o files in a single a.out file and assign new addresses to each section
m] 2. Resolve (in EST): Use the new ESTs in a.out to create a single consolidated EST and resolve the external symbols and references and adjust the addresses in the merged RT
m] 3. Relocate (using RT): Use the RT in a.out and replace in the code all references to external symbols with the correct addresses (absolute or relative)
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1. Merge

Q Copy each .o in a.out

and put data, code, ESTs, ===
RTs together

Q Adjust each section

0:

4:
Data section DS2
(f.o)

8:
Code section CS1
(main. o)

offset in a.out to be the
current location in a.out

32:
Code section CS2

EST
(main. o)

EST
(f.0)

RT
(main. o)

RT
(f.0)

offset contents
+0 y: 1
+0 xX: 2
+0 main:leal x, %ebx
+4 pushl (%ebx)
+8 call f
+12 popl %ecx
+16 movl %eax, (%ebx)
+20 ret
+0 f: popl %eax
+4 addl x, %eax
+8 addl y, %eax
+12 ret
index name | def/used | otype | loc
0 X | U | OBJ [
1 % | D | OBJ | +0 (DS1)
2 f | U | FUN | =
3 main | D | FUN | +0 (CS1)
index name | def/used | otype | loc
0 X | D | OBJ | +0 (DS2)
1 % | U | OBJ | -
2 f | D | FUN | +0 (CS2)
index loc | ESD loc | rtype
0 +0 | 0 (x) | rel
1 +8 | 2 (f) | abs
index loc | ESD loc | rtype
0 +4 | 0 (x) | abs
1 +8 | 2 (y) | abs
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2. Resolve

Q Merge ESTs in a single
consolidated EST and keep
one (resolved copy) for
each symbol

Q Merge RTs in a single RT
and adjust the location of
each symbol in the
consolidated EST

a.out

0:
Data Section DS1
(main. o)

Data Section DS2
(f.o)

8:
Code section CS1
(main. o)

32:
Code section CS2
(f.o)

Consolidated

EST

EST

RT

(main. o)

RT
(f.0)

offset contents
+0 y: 1
+0 X: 2
+0 main:leal x, %ebx
+4 pushl (%ebx)
+8 call f
+12 popl %ecx
+16 movl %eax, (%ebx)
+20 ret
+0 f: popl %Seax
+4 addl x, %eax
+8 addl y, %eax
+12 ret
index name | def/used | otype | loc
L) = —ohd——
01 % | D | OBJ | 40 (CS1)
2 £ — —H—
13 main | D | FUN | +0 (DS1)
index name | def/used | otype | loc
2 B X | D | OBJ | +0 (DS2)
+ < —HF } BF i
32 f | D |  FUN | +0 (CS2)
index loc | EST loc | type segm
0 +0 | 268 (x) | rel Csl
1 +8 | 3 2 (f) | abs CSs1
index loc | EST loc | type
2 B +4 | 26 (x) | abs CS2
3+ +8 | 02 (y) | abs CS2
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2. Resolve (final)

Q If any symbols in EST

0:
Data Section DS1

remain as U then there is
an error and the program == ===
cannot run code seetion s
0 E.g. thereis a declaration
without any definition in the ....
source program
Q If any symbol in EST has
two “D” entries, then there
is an error and the
program cannot run

0 E.g. there are two definitions
for the same symbol in the
source program

Consolidated
EST

RT

offset contents

+0 y: 1

+0 X: 2

+0 main:leal x, %ebx

+4 pushl (%ebx)

+8 call f

+12 popl %ecx

+16 movl %eax, (%ebx)

+20 ret

+0 f: popl %Seax

+4 addl x, %eax

+8 addl y, %eax

+12 ret

index name | def/used | otype | loc
0 % | D | OBJ | 40 (DS1)
1 main | D | FUN | +0 (CS1)
2 X | D | OBJ | +0 (DS2)
3 f | D |  FUN | +0 (CS2)
index loc | EST loc | type segm

0 +0 | 2 (x) | rel CS1
1 +8 | 3 (f) | ab Cs1l
2 +4 | 2 (x) | abs CS2
3] +8 | 0 (y) | ab cs2
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3. Relocate

Q Assume a.out will be placed
In memory at starting

address P=0

a.out

P+0:

Data Section DS1

+4:
Data Section DS2

+8:
Code section CS1

Q Adjust each section address

by adding +P to its offset S ===

Consolidated
EST

Q Traverse RT and modify

o

references (in program
machine code) with correct
memory address for
program P, section S,
symbol V, so P+S+V

+32:
ion CS2

RT

offset contents

+0 y: 1

+0 X: 2

+0 main:leal %—PC-8=P) +4+0, %ebx

+4 pushl (%ebx)

+8 call £P+32+0

+12 popl %ecx

+16 movl %eax, (%ebx)

+20 ret

+0 f: popl %Seax

+4 addl =—P+4+0, %eax

+8 addl s—P+0+0, %eax

+12 ret

index name | def/used | otype | loc
Ol v | D | OBJ | DSI1+0
1 main | D | FUN | CS1+0
2 X | D | OBJ | DS2+0
3 f | D | FUN | CS2+0
ndex loc | EST loc | type segm

0 +0 | 2 (x) | rel Cs1l
1 +8 | 3 (f) | abs Cs1l
2 +4 | 2 (x) | abs CS2
3 +8 [ 0 (y) | abs CS2
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3. Relocate (clean)

Q Retain RT for adjusting

symbol locations when
loading the program at
actual address P, before
execution

a.out

P+0:
Data Section DS1

+4:
Data Section DS2

+8:
Code section CS1

+32:
Code section CS2

Consolidated
EST

RT

offset contents
+0 y: 1
+0 X: 2
+0 main:lea PC-8+4+0, %ebx
+4 pushl (%ebx)
+8 call +32+40
+12 popl %ecx
+16 movl %eax, (%ebx)
+20 ret
+0 f: popl %eax
+4 addl +4+0, %eax
+8 addl +0+0, %eax
+12 ret
index name | def/used | otype | loc
0 main | D | FUN | +0 (CS1)
index loc | ESD loc | type | segm
0 +0 | 2 | rel | CS1
1 +8 | 3 | abs | CS1
2 +4 | 2 | abs | CS2
3 +8 | 0 | abs | CS2
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Load and Execute

Q Load a.outin memoryat o 1 —
some address P -1 R

Q Traverse RT and for each  =====| | =
entry add P to the oo | e T
corresponding code Teemeson) mE
ocation, instruction field == | s |t derres oo t2ee

Q Drop RT EREIEERE N

Q Jump to main at address: —
P+CS1(8)+offset(0)=P+8+0
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File format for .0, a.out, .a, .so files

Q Executable and Linkable Format (ELF)

ELF Header

O tunog Tou apyeiouv, T.X. .0, ekteAEoLpo, lib, machine type (x86), byte ordering, KAT.

Program Header Table

Apxikn dtevBuvon kal péyeBoc yLa kabe segment otn VAN

.text KWSLKAG LNXAVAS
.data O PXLKOTIOLNLEVEG LETOPANTEC
.bss LN OPXLKOTIOLNLEVEG PETAPBANTEG

.symtab (EST)

TAnpodopliec yia kaBs cUUPBOAO TOU TIPOYPAUUATOC Yo okoTtoU¢ Tou linker

.rel.text (RT)

rmAnpodopieg yla kaBe dtevBuvon Kwdika Tou TPEMEL val A GEEL PeTA TOo relocation

.rel.data (RT)

mAnpogdopiec yla kaBe dtevBuvon petaBAnTrg mou mpémel va aANAEeL HeTA TO relocation

.debug

rAnpodopiec yia kaBe cUUPBOAO TOU TPOYPAUATOG YLt OKOTIOUG Tou debugger

Q Yrtapyouv ocuvaptnoelc BBAtodnknc ya va
emeéepyaletol KAVeLC Ta replexopeva evoc ELF

apxELOV
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AaBOn kata to linking

O (1) Undefined symbols

fl.c: f2.c:

extern int x; extern int x;

int main(void) { int f (void) {;}
£0);

}
O (2) Multiple definitions

fl.c: f2.c:

int x; int x;

int main (void) { int f(void) {;}
£Q);

}

0O OuLKavOvecg yla To TL elvatl owoto/AaBoc eivat Alyo mtio Aenmtopepeic:
o Weak symbols: uninitialized global variables
o Strong symbols: initialized global variables

O Rules
o Two strong with same name - error
o Two weak with same name = use any
o One strong and one weak = use strong symbol

O Aebopévou OtL auTtol ol Kavoveg dnpoupyolv acadela yia to mwe Ba yivel teAka link to
TIPOYP AL UQ, XPNOLHOTIOLOUE TtavTa To “static” yla va kpUBoupE TIG LETABANTEC TTOU eV TIPETEL VAL
daivovtat kat o linker va €xeL povo pia emdoyn
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nm utility

O To utility nm (name) pog Seixvel ta meplexdpeva tou symbol table ot #include <stdio.h>
ELF apyeia (.0, a.out, libs) finclude <stdlib.h>

0  HevtoAn ‘man nm’ pag Seixvel to manual page pe Ti¢ mAnpodopieg yla To nm ‘
main.c:

$ gcc -Wall -pedantic —-ansi -c main.c static char c[40];

$ nm -AS -td main.o static double w;
Offset Segment Name Size (d) Type Bind
0000 BSS _c 40 OBJT GLOBAL int i=13;
0000 DATA i 4 OBJT GLOBAL long 1=2001;
0004 DATA _l 4 OBJT LOCAL
0000 TEXT _main 116 FUNC GLOBAL int main(void) {
UNDEF _malloc FUNC GLOBAL int §=3, *ip;
0040 BSS W 8 OBJT LOCAL b = malloc(sizeof (1)) ;
c[5] = 3J;
Q Avrtiotown mAnpodopia pag divel kat to utility objdump W= 2.0 * 1;

Q H evtoAn ‘man objdump’ pog deixvel to manual page pe ti¢ mAnpodopieg yia 1o objdump return O:

$ gcc -Wall -pedantic —ansi -c main.c

$ objdump -t nm.o

nm.o: file format elf32-1386

SYMBOL TABLE:

00000000 1 O .bss 00000028 ¢
00000028 1 O .bss 00000008 w
00000000 g O .data 00000004 i
00000004 g O .data 00000004 1
00000000 g F .text 0000006f main
00000000 *UND* 00000000 malloc
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Dynamic Linking

O MexptL twpa, oto static linking 6Ao¢ 0 KwOLKAG TEPLEXETOL OTO EKTEAECLUO a.0ut
0 To a.out pmopet va tonoBetnBel omoudnmote otn pviun (6tevBuvon P ota ponyolueva)
o O loader Ba kavel éva mépaopa otov RT otav avilypddel To mPOypapa otn VAN kot Ba mpocBéaoel to P ota
KATAAANAa onueia
O Onwg etmape to dynamic linking embuwkel va €xeL éva povo avtiypado kabe BLPALOBAKNG oTn LvAKN
O Tuxpelaletal yla va etuyxoupe to dynamic linking? Avo mpayuata:
o (1) H kaBe BLBALOBNKN (¢ moUue kABe code segment) va prmopel va UmeL og pia O€on LVANG TIOU lval AyvwoTtn otav
TIOPAYETAL TO a.0ut
o (2 H KAOe BLBALOBNKN TPEMEL va TTEPLEXEL KWO LKA TTOU SoUAeVEL Ywplc va e€aptatal amo tnv B€on tng BLPALOOAKNG oTN
Hvnun
O To (1) elval oxetikd eUKOAO Kot AUVETOL e UIKPEC aAAayEC oto static linking
o H &evBuvon tou kABe code segment Ba yivel yvwotr katd to loading otn uvun, oxt kata to linking
o Ta merge/relocate otadla mpemnet va yivouv amo tov loader kat oyt aro tov linker
o AMa nepAappavouy ta dla fApata/mpatelg onwg oto static linking
O To(2) opwg eivar o duokoAo

o Adopa oL povo oe BLPAL0ORKES, aAAA o€ OTIOLOSATIOTE KOUUATL KWwOIKA KaAElTal aro SladopeTikd mpoypappata. Mo
aUTO A e yia shared objects (SO) — oL povo BpALoBnKeC.
0 ‘Eotw €va SO mou mepléxel pia ouvaptnon f

o Katd avaykn, og SUo StadopeTikd npoypappata A kat B, to SO, kat emopévwg kot n f, Oa Bpiokovral oe S1apOpETIKES
SdlevBuvoelc. lMNati;

= M StevBuvon mou eival ehelBepn oto A pmopel va eivat Seopeupévn amo aAn BBALodikn/SO oto B
=  Olinker/loader Ba BaAel kaBe SO (code segment) omou Bpel eAelBepeg SleuBUVOELS
O Auto Snutoupya 10 £&NC TMPOPANMa: Nwc OUWC unopst va rtapaxBei o kwdikag rou nepLeExeL nf, av ota
npoypaupata A, B Stadépet n B€on tng f otn pvRun;
o Nxavo KwGLKac e f neptexa HLOL ATTOAUTN 6Lsueuv0n, Sev pmopoupe va mapayou pe po popd Tov Kwdiko tng f ko
VOl LKOVOTIOLOOULIE KAl TO TIPOYPA A A KOL TO TIPOypaLa B.
O  Auto eival to mpoBAnua tng dnuioupyiag position independent code (PIC)
0 PIC = kwbLIKa ToU eKTEAELTOL CWOTA OOV Kal oV TomoBetnBel otn pvun, xwpig va xpeltaletalrelocation
o Tashared objects mpémnet va eptéyouv povo PIC - Stadopetikd dev Ba ekteAoUvTaL CWOTA
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Position Independent Code (PIC)

U

U

Q

Consider two lib functions f,g that appear in different addresses in two programs A and B
Also consider that fcalls g

How can function f call g so that it works in both cases? E.g. the following will not work, because
address g must have different values in A and B but the code of f is the same for Aand B
f: pushl “some arg for g”
callg
o This will be fine if we use relative addressing for g, but relative addressing is limited to a small part of the address
space and absolute addresses are necessary.
(read the rest of this slide only for your own interest, Bryant Ch. 7.12)

Basis for PIC: Add an AT “Address Table” (AT) for each SO that contains one entry for each external
symbol in the SO (In the GNU toolchain, AT is called GOT — Global Offset Table)

o ATis accessed with relative addressing from SO code. When an SO is linked to an a.out, the SO is placed anywhere
in memory, its AT is placed in the data segment of the SO, and the data segment follows the SO. Therefore, the
relative address of AT, rel(AT), is always the same for all code in the SO, no matter where the SO is placed.

o AT contains the absolute address of g in memory at a fixed offset, offset(g). There is one AT for each SO, so
offset(g) is always the same (for all programs that use the SO).

o  When the SO is linked dynamically, the linker/loader writes in the AT the address of each (external) symbol
o For all programs that use the SO (and f), the location rel(AT)+offset(g) is the same, but its contents will be different

o Togenerate code for f we need to loads g’s address to a register and then call g. In fabove, conceptually we have
callg > movl MEM[rel(AT)+offset(g)], %ebx
call *%ebx

o With PIC, the SO is compiled only once, there is no need for relocation, but AT needs to be filled during loading

o Toavoid filling in thousands of function addresses in AT that may not be used, there is a somewhat more complex
way to access AT using a second table called PLT — procedure linkage table, which implements a process called lazy
binding

The more recent versions of gcc generate PIC for all functions/programs, unless specified otherwise

o This allows placing all code and data (not only the stack) in arbitrary memory locations -> basis for a technique
known as Address Space Layout Randomization (ASLR), which is used to reduce security vulnerabilities
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Symbol Relocation during Loading

Q With dynamic linking, the relocation process happens
at load time:

Q EST/SymTab is maintained in a.out until load time

Q We place a.out and all shared objects in memory and
determine their starting addresses

Q We update symbol addresses in EST (similar to
relocation during static linking)

Q We scan RT in a.out and for each entry in RT we
modify the code of a.out

Q We fill in the AT with the addresses of the external
symbols used by the shared objects (as part of PIC)

Q We jump to function main
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Objdump (kat readelf) utility

m] Mo Seiyvel mAnpodopieg yta OAa ta mepLexopeva evog elf apye
a Section header information
a gcc —static —-Wall -pedantic —ansi main.c
a objdump —h a.out
a.out: file format el1£32-i386
Sections:
Idx Name Size VMA LMA
2 .rel.plt 00000070 08048178 08048178
5 .text 00062ef1 08049090 08049090

lou, 6L novo tov Symbol Table

File off Algn

00000178 2**2 CONTENTS, ALLOC, LOAD, READONLY,
00001090 2**4 CONTENTS, ALLOC, LOAD, READONLY,

15 .data.rel.ro 00001914 080d96cO 080d96c0O 000906c0 2**5 CONTENTS, ALLOC, LOAD, DATA

18 .data 00000f40 080db060 080db060 00092060 2**5 CONTENTS, ALLOC, LOAD, DATA
22 .bss 00000d3c 080dc340 080dc340 00093338 2**5 ALLOC
a Debugger information
a gcc —-static -Wall -pedantic -ansi -g main.c
a objdump -g a.out
a Relocation information
a gcc -Wall -pedantic —ansi main.c
a objdump -R a.out
a.out: file format elf32-1386
DYNAMIC RELOCATION RECORDS
OFFSET  TYPE VALUE
0000400c R 386 JUMP SLOT malloc@GLIBC 2.0
00004010 R:3 8 6:JUMP:S Lor 1 ibcistart:main@ GLIBC 2.0
m} ‘OM\a ta mepLexdpeva tou text (r ormotoudnmote dMou) segment
a gcc -static -Wall -pedantic —ansi main.c
o objdump -sj .text a.out
a.out: file format elf32-1i386

Contents of section .text:
8049090 83ecOcff 742420e8 34430100 83c410e8
80490a0 05000000 €8000000 005753e8 £0080000

[...]

Q Disassemble éva ekteAéoLpo/object apxeio
a gcc —static —-Wall -pedantic —ansi main.c
a objdump -Sj .text a.out
a.out: file format elf32-1i386

Disassembly of section .text:

08049090 <_ assert_ fail base.cold.0>:

8049090 : 83 ec Oc sub
8049093: ff 74 24 20 pushl
8049097: e8 34 43 01 00 call
804909c: 83 c4 10 add
804909f: e8 05 00 00 00 call

a readelf -a a.out

$0xc,%esp

0x20 (%esp)
805d3d0 < free>
$0x10, $esp
80490a9 <abort>

DATA
CODE

To utility readelf tunwvel TAnpodopieg yLa headers kat symbols ou mepLéxovtal os elf apyeia aAAd oe peyalUtepn AemTo pépeLa
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Reading

Q (static linking) Bryant Ch. 7.{2,3,4,5,6,7,8,9}

Q (dynamic linking) Bryant Ch. 7.{10,11,12,13}

Q (tools) Bryant Ch. 7.{14}

Q If interested, read this seminal paper that discusses
many of the related concepts in a clear manner for a
specific system (IBM System/360):

Q Leon Presser and John R. White. 1972. Linkers and Loaders.
ACM Comput. Surv. 4, 3 (Sept. 1972), 149-167.
DOI:https://doi.org/10.1145/356603.356605

Q If still interested in more details check out Chapter |,
in the
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