19-213 P S

“The course that gives CMU its Zip!H

omin.c

Lilﬁnﬂ int buf 2] = [, 2);
October 11, 2006 e

L]
LR I

g cwkur= O;
Topics 3

= 3fafic linking

= Dynamic linking

= Casa study: Library Interpositioning
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Static Linking Why Linkers?

Programse are tranalated and inked using a compler arver Reason 1: Modularity
m umix® goo -0 -g ~o P Aaio.c FVEp.C
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= Program can be written a2 a collection of smaller source
Thes, rather than one monalithic mazs.

=min.c THEE .= Soeree s
= Can bulld Nbraries of commen functlons {more on this latar)
= #.3., Math lbrary, cisndard C library
s Ecparatady compiad

m——- refocatahie ohlest Mes

Foly Mnked execiiabie chfect M
{contalns cods and deda for sl unciions
gaifned i maln. & and Swai.o
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Why Linkers? (cont)

Reason 2: Efficiency

= Tima: Separaie Compliation
+ Change ocne cource fks, somplle, and than reiink.
#+ Honesd to ressom@plle other cowros Tlec.

= Space: Librarles
# Comman funotons can be agprgetad bvbo & cingls: Mk
=+ Yot sxpouisble filsc and rumning memory mages contaln only

ooids for the funobones they sobheslly uss.

What Do Linkers Do?
Step 1. Symbol resolution

= Programa define and refarence symiais [variables and

functions):
& void awegpi) {--} i gefice my=bol e 7
& svmp ] i rmfsrencs aymbkcl m T

#int "xp w Rer v deafine mymbal xp, cafscance x

= 3ymibal dafinttions are atored {by compllar) In symbal @iie.

=« 3ymbol tzbis |z an arrey of ciructc
» Eauh snbry Includes name, clzs, and location of symbiol

= Linker gasociates each symbol refarence with exactly one
aymit-cd definiticn.
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What Do Linkers Do? (cont)

Step 2. Relocation

= Mergas separate code and data sactions Into single sections

= Relocates symbols from thelr retative locations In the o Mies
to thealr Ninal abeciuta memary locations In the axecutable.

= Updates all referancae to thazs symbols to reflact thelr naw
positions.

=T

Three Kinds of Object Files (Modules)

1. Relocatable object file | .o file)

= Containe coda and data In a form that can ba combined with
other refocatabls object flles to form executable objact Nis.
» Eanh o file be producsd from sxscily one cowrcs (o] Tile

2. Executable object file
= Containe code and data In a form that can be copled directty
Inte mamory and then sxscutad.

3. Shared object file (. =c file)
= Speclal type of relocatabés m]|||ml11la that can be loaded Into
E“m-l]' and Iinked dynamically, at stthar load tima or run-
8.
= Called Dynamic Link Lioranes {DLLe) by Windows
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Executable and Linkable Fermat
(ELF)

Standard binary format for object files

Originally proposed by AT&T System V Unix
= Latar adopbed by B 2D Unix varlants and Linux
One unified format for
= Relocatabie object Mes (. <),
= Executabile cojact Mies
= Shared cbjact flles [.s0)

Genenc name: ELF binanes

ELF Object File Format

EIT hBadar 0

= Maglo numBsr, fyps O, BXB0, £O) e
maahing, byis ardering, =io. Ywpmen hasder ibe
Sagment headsr table Ro T !
m Fage clzs, virtusl sddrecess msmory
cegmants (cactionc), cegment cliss. . dnkn wechon
. baxt BacHon .ban wechan
m Code -eytmb pestd o
.data sacHon .Twl.txt wmction
m Ink=iized globel varfabldsc Tl ANtE pEctinm
Jeae Bacilon JdmErg cection
m Uniniiallzsd ghobal variablas
= “Elook Etartad by Eymbal® i

= “Baitar Eave Bpaos®
m Hac ssotion haader buf ooouples no spaos
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ELF Object File Format (cont) Linker Symbols
- symtak Bection Global symbaol
s rsia s n; ad dule m that can be referanced by otha
m Prosadurs snd sinto variable namec Zagment header tsbis = m ned by module m s mced by .
= 3soton namec and koostions (requarnd for sxecutsbiss) ]
oy : e = Ex: non-scatic C funcions and non-stacic global varables.
= Fslooaton Info for . cext caotion T —— External symbols
= NS SRS OF Ikt St i - e = Global symbaie that ars referenced by madule m but defined
m Inetructions far modifying. -aymEal mmokian by Some ather madule.
-ral. data saction _ral.cact ssction Local symbols
= Relooation Info for . 2ata saotion aal dsts meotioo = Symibole that are defined and refersncad sxclustvely by
m Addreccec of polmisr dats that will need to — moduwls m.
B i e e Emempncd S i e = Ex: C functions and variablse defined with the stacic
- dakuag asction e R R attributs.
m Inf for cymbalio dabugging ig=c -g} = :
Key Point: Local linker symbaols are nof local program
Zactlon header tabla variables

m Offeads and elzes of saoh saciion
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