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GNU Tool=(

*GNU

:GNU’s Not Unix!

2HE unixs & 2H MM E free softawarelt=J| fIoHM 1984E
FSF(Free Software Foundation)2| XI& 2& GNU project Al £,

0|= GPL(GNU General Public License)E 2= {2 ItA| free
softwareE = M

eTool Chaing &2
- 2+= Source file==2 Z UL oD buildstd A& T2 =S AMA6t=0
2Rt e IHAl OE'aIEI 2! 2lo|Edele 2L

*GNU Tool Chain2| +4&
: GNUOIIAl HlSot= tool chain2 MIJtKl 2 4
1) GCC(GNU Compiler Collection)
2) GNU Binary Utilies
3) Libraries(glibc, newlib)
* glibc : GNU C Library
* Newlib : C library intended for use on embedded systems
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What is cof

Compiler
. Translate computer program from one language to another

Source language c : . Target Language
> ompiliier
(C, C++, Java, ..) P (Assembly Language)

l

Error Message

eCompiler= 9 2 RstI}1?

- Too difficult to write, debug, maintain programs written in assembly
language
«Source Code

- optimized for human readability
eTarget Machine Code

. optimized for target hardware
eGoal of compiler

. translate a source code program into an equivalent machine code
program efficiently
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Compiler

Source Front End: Intermediate | Back End: target
Code Analysis Code Synthesis Code
> Errors
e Front End

: deal with input language
: & (lexical) =4, 2 Z(syntax)= 4, 2| 0|(semantic)= &
. build an Intermediate code for the back end

e Back End
- deal with intermediate code
- Optimizer, Code Generator

* - transform the intermediate code so to run faster
faster and/or to use less space
* . generator target program(usually assembly
code)

from optimized intermediate code
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GNU Compiler

eAvailable from Free Software Foundation

- GPL Licensed

- Free
\Written by Richard Stallman originally(FSF)
eFront-end, back-end system with support for many of each.
oA JHE E & HEZ2 GCC 3.3.3 (2004-02-14)
e LI =ABHEO| =& =2 OtLICE.

- Compiler needs correct, stable and fast code
eMore stable and popular version :

- gcc 2.95.3
» A E RTOS?! vxworks 5.52| & & H (Tornado2.2) 0l &

ME=.
e Size of GCC

- GCC 3.3.2 154MBytes
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e Front Ends
- C, C++, Objective C
- Ada95(GNAT)
- Fortran/7, Fortran95
- Pascal
- Modula-2, Modula-3
- Java(Supported from gcc 3.0)

- Java->Bytecode, Bytecode->native code
Java->Native code
- Cobol
- Chill

O

A
ola
:
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GNU Compiler

< Machine Supported by GCC(back ends)
- ARM : ARM7, ARM9, ARM9E, ARM10E, StrongARM, Xscale
- Alpha DEC
- Intel x86 Families, 1860, 1960
- Motorola 680x0, PowerPC
- Hitachi SH(Sh-1, Sh-2, Sh-3, Sh-3e, Sh-4), H8300
- MIPS, HP PA-RISC, SUN SPARC

- Intel 1A64, AMD x86-64
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e Compilation System
- Preprocessing

- Compiling

- Assembling

- Linking

- (/usr/bin/gcc in linux) coordinates these phases.

gas Ld
(assembler) (linker)
e Input files

file.c : Preprocessor 82 HAHMOl ot= ¢
file.i : Preprocessor 2t& & HXI Al 20t0F ot= ¢ source file
file.h : c header file(compile, link T/ X| Z&)

file.s : Assembler code

file.S : Preprocessor Jt&8= H X 0f of= assembler code

source file

2OE90]

A
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Librarie

e C library
- Any Unix-like operating system needs a C library
- the library which  defines the ~ “system calls™ and other basic
facilities
such as open, malloc, printf, exit...

e Intent
e — Glibc(GNU Libc)
e FSFoA #¢], native UNIX systemol| A AF&31H gfolB g S AHEHA oA,
o T HAMHEL2.3.2
— Newlib
T ES RO EY YA AAdE ZEES B
: Cygnus(19991d ol Redhatel] &H ) 4] embedded systemol| A A& = A==
3} 7] %] g}
. Newlib< glibc®}+= €8] UNIX systemo| 4] AF&5%+= gholB &g & ¥ sHA A 51X
rNia= g
PR AL 1.12.0
» Resource utilization
UNIX 748 1183stal 2H4 9 Glibex system?] W &2
th Al demanded-page-loaded shred library® &84S
Newlib& embedded system& 2.5 A A s}7] Ysle] W] &3] gk 1187}
o B}7] wEol glibcE Tl HRe] ARl A g &H ol
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e binutils
> binutilsOl= 02 22 S =2t REEEIQ 2IHEQlI REL|IEI=0|
EE ] QULE.
Id : GNU Linker
as : GNU assembler

nm : List symbols from object files(subset of objdump)

objcopy : Copy and translate object file from from one to another
objdump : Display information from object files

ar : Create, modify, and extract from archive files

ranlib : Generate index to archive contents

size : List files section size and total size

strings : List printable strings from files

strip : Discard Symbols
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e library Ol 280 2t 3JHX2 gHe =2
- =93} gcc, biutils source AFE-.

1) GNU LibcE 0| &0ot= GNU tool chain
0l) embedded linux £ tool chain

2) Newlib= 0| & ot= GNU tool chain
0l) RTEMS & compiler
OSE 0| &EotAl &= firmware level

3) ulibcE 0| &3ot= GNU tool chain
1) uclinux& GNU tool chain

4) KK & €l libraryE 01 & ol= GNU tool chain
0l) vxWorks Tornado JH & &t&

eCos GNU tool chain(==& = newlib= kernel/network stack/device driver 2t

& library st
GreenHill2| Multi JH&=tE
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e GCC options
-C e &

-C++ HHo BtoiE

Q
l0
b
u
Qlj
rir
I
B

- Z0E 2R/HO
- CHOE 98 84
- F=3 g

Preprocessor &

- Assembly =&
- linker &
- directory 24 & 8
- Machine dependent =&
- ARM, 1386, PowerPC, MIPS, SuperH, Sparc, ...

O

A
ola
:
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e Options to request or supppress Warnings

-w 1 2= & HAIKIE SAIetLH(ZEAIGHA & =CLC1).
-Wall : 200 2ed 2= s8=S 2d3tetl. (EEHE QN ALE)

e Options for Debugging Your Program or GCC
-g, -ggdb, -gstabs, -gcoff, -gdwarf ...

e Options Controlling the Preprocessor

-include file
- L UtE = Xelotdl &0 = WX Xc2letlt.

-nostdinc
- header file=2 &J| |l A
-l 5822 F=HA C/d&E2 e Sl Cle &2 ZJASHT

-Dmacro : macroE &2, -Umacro : undefine macro

AMAE L EC|S=S dMotAl =Lt
.
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Options for Linking

-llibrary
- linkingAl library2 XI&& library(liblibrary.a)E & =LC1.
-nostartfiles

* —nostdlib Lt —nodefaultlibsJt O|Z &l Al 2™ &= A|AE 20| E 2
clE2 0|= =,

-nostdlib

- linking Al standard system startup fileO|L} librariesE 0| Z06tAl &
=L AFE X0 X" ek 20l E el &8t 0| == L.

-static

ro

- dynamic linking2 Xl

S o=}
= "1 - .

1ot= AMIAE0 A shared libraries2t2l linking
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Options for Linking(2)

-shared

rolI

: shared object files 4 & sl (-fPIC optionk ER)
-wl, option

. option= linker2| option2 £ M st(}.

Options for Directory Search
-Idir

- dirE2 XN&8E Cl2ELCIE header file2 2Mol=0 0l2% =
Q| 2| AEN F=ILSHC.

-Ldir
- dir2 A& e ee|E —1=2 XNE8= 2i0/E22E daol=0
Oltl= e el e|AEN =ItetCh.

[ —]



» Hd IHE == otLkel I (archive)= ==Lt

static libraryE Bt==0 0| & Ct.

are s&80 OetS Chsar &
- archiveZ £ H fil Xl 2CF.
el A

archivelf 2| file=2|

archivelil M2 MY S FIOtstCh.(-r) s s W0l U2™ Wil stCh.
archivel| L= HAIgtC}. (-t)
archiveZ 2 file=2 P

e ranlib
> archivell 2ol= 0t=0 A archivell F=J}etLh.

MOIBHM ‘nm —s’LE ‘nm --print-armap’S A SHCt.

O
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- object filelLH 2] symbolE == stL.

2t 2+ 9] symbol0ll CHol Al value, type, name?2| AIJtXIE & &tC}.

—

-type
A: &30 2UE0I2tA O E 3ol & HotXl &=Lk,
B: &A=0| bss S0 ME=LE.
D : &4 =0| data <= Ul < XletCt.
N:aA=0 CIH &=0[CF.
T: A=0] text SS 0l ULE.
U: a=0| 82T Al & RULE.
R:&=0 HI/8E &0 QULE.
? - &2 == LI object file 240 2lEGSt= & Z0ILCH.
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e sStrip

: object filetl A symbolZ2 HIH StCt.
ZS adl IEUHMN &==0| 2ROt
Ol=0l K 26ICh. 0 SHES2 0|80t0] M==2 =222 A

NE == UL

e Strings
. object filelLi 2| printable string== £ & t(}.

e Sjze

. object file2] 2 section®| sizeE == stlt.

O
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e Objdump

. object fileli| et 21& dE== ESotHU SUHE =SS

- display file header (-f)

- display section headers (-h)

- disassemble a file (-D ,-d)

- disassemble with source code (-S)

- display information about library files (-a)

- display all header information (-x = -a —f —h —r —t)
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e Objcopy

. oftLt2l object file LHE= CtE object fileZ = AFStLE.
object file2| formatS H&ol=0 0|E= L.
-O bfdname
- bfdname 84122 SIS & A SHC.
-R sectionname
: S UE M sectionname ME S HHSHLE Ol SES 2R AIS
I

2= AFEGHA ot Bt == ULY.

Ol
2

> UMM CIHE == = Alot

e addr2line

- object file2| =42 source code&2| =HS 2 HESHSH.
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Executable and Linkable Format

Written by ZZ8IA4|
2006. 07. 28




e Object files
— Contain the generated binary code and data
— Linkable : used as input by link editor.
— Executable : loaded into memory and run as a program.

— Loadable : loaded into memory as a library along with a
program.

e Contents of an object file

— Header information: size of code, name of source file, creation
date

— Object code

— Relocation information
— Symbols

— Debugging information

e Various object formats
- COM, EXE, PE(Portable Executable)
- a.out, COFF, ELF
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ELF File

e ELF (Executable and Linking Format)

— Improved format of COFF which was originally
intended for cross-compiled embedded systems

* COFF : didn’t work well for a timesharing system.
- not support C++, problem in dynamic

linking.

— Designed to support cross-compilation, dynamic
linking

— Adopted by the Unix System V(AT&T), Linux, and
BSD Unix

— Better support shared library than old a.out format
— Better, more complete information for debuggers

e Three different types of an object in a common
format

— Relocatable object: have section tables
— Executable object: have program header tables
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Two views O

linking view execution view

ELF header ELF header

program header table

program header table

(optional)
» Section 1 ....................................
R segment 1 «
» Section n ....................................
R segment 2 «

A

section header table
(optional)

section header table

e ofLI2] segment= (i JH2| sections= &K RULL.

ex. otLt2| loadable read-only segment= code section, read-
only data section, dynamic linkerE ®/ &t symbolE2 #+4 &
ULE.
e section=2 linker0ll 2ol M2lEH Xl= 20|10 segment=
loader0ll 2|3l memoryZ mappingt = £ =Z0I|Ct.
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e ELF header format

0

e_ident[El_NIDENT] € MAGIC("\177ELF"), 32/64 bit, Endian, Header Version, and Padding

e _type |e_machine e_fversion e_entry e_phoff
| -
% e_shoff e flags e_ehsize |e_phentsize| e_phnum |e_shentsize
| -
o
) e_shnum |e_shstrndx
)
>
Q v
3]
O)| e_ident ELF identification (mach indep) e_flags arch specific flags
s e_type file type (relocatable, executable, ..) | e_ehsize ELF header size
c
e_machine 2 = SPARC, 3 = x86, 28 = arm e_phentsize | size of one entry in the program
hdr
e_fversion object file version (always 1) e_phnum number of entries in the program
hdr
e_entry virtual addr of entry point e_shentsize | size of one entry in the section hdr
e_phoff file offset of the program header e_shnum number of entries in the section
hdr
e_shoff file offset of the section header e_shstrndx section hdr table idx of the section
name string table
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e Section header format (only for relocatable and shared object)

0 15
I I I I I I I I I I
sh_name sh_type sh_flags sh_addr
sh_offset sh_size sh_link sh_info
sh_align sh_entsize
sh_name name of the section sh_size section size
sh_type categorizes the section’s contents sh_link section header table index link
and semantics
sh_flags section attribute (bit flag) sh_info extra information
sh_addr address at which the section’s first sh_align address alignment
byte should reside
sh_offset file offset of the section in the file sh_entsize size of entries in the section if it
holds a table of fixed-size entries

www . SOFTWARE . com

LOEJ0ES

(=]
[—]



- Example

ELF header

section header table <

\ 4

\OX7fELF

e _shdrpos

e strsec=3

\ 4

section 1

\ 4

section n

\

e|x|t\O|.|d]|a

o .|t
t"N\O 1

[0]

\ sh_name

A

sh_offset

[1]

\'sh_name

sh_offset

[2]

sh _nam

sh_offset

[3]

sh _name
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ELF Sectioh

e Section types

PROGBITS: program contents such as .text, .data, and debugger
info

NOBITS: no space is allocated in the file itself. for .bss

SYMTAB and DYNSYM: symbol tables such as .symtab,

and .dynsym

STRTAB: string table such as .strtab, and .dynstr

REL and RELA: relocation information. .rel.text, .rel.data,

and .rel.rodata

DYNAMIC and HASH: dynamic linking information and the
runtime symbol hash table

e Flag bits

ALLOC (memory allocation), WRITE (write perm.), and
EXECINSTR (executable)
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ELF Sectiof

— PROGBITS type, ALLOC+EXECINSTR attribute.
— Contains ‘text’(executable instructions).

e _.data
- PROGBITS type, ALLOC+WRITE attribute
- contains the initialized data
e .rodata
- PROGBITS type, ALLOC attribute
- contains read-only data
e .bss(Block Storage Start from IBM704 asm)
- NOBITS type, ALLOC+WRITE attribute.
- contains uninitialized data.
e .rel.text
- REL or RELA type.
- Relocation info for .text section

- Address of instruction that will needed to be modified in
— the executable

www . SOFTWARE . com A2OEJOojESE



- REL or RELA

- Relocation info for .data section

- Address of pointer data that will need to be modified in the merged
executable

e .init and .fini
— PROGBITS type, ALLOC+EXECINSTR attribute.
— Similar to .text
— Code to be executed when the program starts up or terminates.
— C and fortran don’t need, but essential for C++.
e .symtab and .dynsym

- SYMTAB and DYNSYM types respectively.
- contains symbol tables
- the dynamic linker symbol table is ALLOC type.

e .strtab and .dynstr

- STRTAB type.

- tables of name strings for a symbol table or the section names for
section table.
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ELF Sectiof

e _iInterp section
— Contains the name of the program to use as an interpreter
— Ex. “/lib/ld-linux.so” for dynamically linked executables

— Same concept with the self-running interpreted text files (shell
scripts, and etc.)

e .got(global offset table), .plt(procedure linkage table)
- used for dynamic linking

e .debug
- contains symbols for the debugger

e .line, .comment

e _.hash
- symbol hash table
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e SYMTAB or DYNSYM section
e Symbol table entry format

0 7 8 15
I I I I I I I I I I
st_name st value st_size st_shndx
st_info st_other

st_name index into the object file’s symbol | st_info symbol binding(local, global, or
string table (.strtab) weak) and type (data, functions

st_value value of the associated symbol st_other no defined meaning currently

st_size size associated with the symbol st_shndx relavant section header table

index

www . SOFTWARE . com
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e Program header format (only for executable object)

15

p_type p_offset p_vaddr p_paddr
p_filesz p_memsz p_flags p_align
p_type Type of the segment p_filesz The number of bytes in the file image
of the segment
p_offset The offset from the beginning of the p_memsz The number of bytes in the memory
file at which the first byte of the image of the segment
segment reside.
p_vaddr The virtual address at which the first p_flags Flags relevant to the segment
byte of the segment resides in memory
p_paddr Physical address of the segment p_align address alignment
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SAN
[rootllocalhost skl# gcc -DMODULE -0 sk.o sk.c

susrslibsgee-1ibrsi386-redhat-1inuxs3.2.2/../. .. .7/crtl.o( . text+8x18): In function '_start’:
B . . sysdeps-i3B6elf sstart.5:77: undef ined reference to "main’

stmpsccllBudbv.ol. text+Bxt ) In functiom “init_module’ :

: undef ined reference to 'printk’

/tmpsccBudby.ol.text+Bx2c): In function ‘cleanup_module’:

: undef ined reference to 'printk’

collectZ: 1d returned 1 exit status

[rootlPlocalhost skl# gcc -DMODULE -v -c =k.c

Reading specs from -usr/librsgcc-1libsi386-redhat-linux-3.2.2/specs

Conf iqured with: ..sconfiqure --prefix=-usr --mandir=-usr-zharesman --infodir=,susr-sharesinfo --enab
le-shared --enable-threads=posix --disable-checking --with-system-zlib --enable-_ cxa_atexit --hosi=
1386-redhat-linux

Thread model: posix

gce version 3.2.2 ZBH38Z2Z22 (Red Hat Linux 3.2.2-5)

susrslibrsgcc-librsi3B6-redhat-linuxs3.2.2-ccl -lang-c -v -D__ GNUC_ =3 -D_ GNUC_MINOR_ =Z2 -D_ GNUC_Pn
TCHLEVEL_ =2 -D_ GXX_ABI_VERSION=18Z2 -D_ ELF__ -Dunix -D_ gnu_linux__ -Dlinux -D_ ELF__ -D_ unix__ -
D__gou_livux_ -D__linux_ -D__unix -D__linux -Asystem=pozix -D__ NO_INLINE__ -D_ STDC_HOSTED_ =1 -Ac
pu=i386 -Amachine=i386 -Di386 -D__i3B6 -D_ i386__ -D_ tune_i3B86__ -DMODULE =sk.c -quiet -dumpbase sk.
c -version -o stmpscocgUDMd .=

GNU CPP wersiom 3.2.2 20838222 (Red Hat Linux 3.2.2-5) (cpplib) (i386 Linux/ELF)

GNU C version 3.2.2 ZBH3BZZZ (Red Hat Linux 3.2.2-5) (i386-redhat-linux)

compiled by GNU C version 3.2.2 ZBH3BZZZ (Red Hat Linux 3.2.2-5).

ignoring nonexistent directory “-usr-localsinclude”

ignoring nonexistent directory “susrrsi3B6-redhat-1inux/include”

#include “..." search starts here:

fiinclude <...> search starts here:

susr/libsgcc-1ibrsi386-redhat-linux-3.2.2-include

susr/include

End of search list.

as -U -y -o sk.o stmpsccgUDOMd .=

GHNU assembler werzion £.13.98.8.18 (i386-redhat-linux) using BFD version £.13.98.8.18 ZHH38ZB06
[rootl@localhost skl#t ls

app app.c app_header.txt gcc_app.txt sk.c =sk.o sk _header.txt

[rootlPlocalhost skl




(;giiantﬂlucalhnst skl gcc —v -o app app.c

Reading specs from -susr-slib-sgcc-libri3B86-redhat-linux-3.2.2-specs
Configured with: ../configure —prefix=susr ——mandir=susr-sharersmnan —infodir=-usr-share-info ——enab
le—shared ——enable-threads=posix —-disable-checking ——with-system—zlib ——enable-_ cxa_atexit --host=
idgb-redhat-1inux
Thread model: posix
gcec version 3.2.2 20030222 (Red Hat Linux 3.2.2-5)
susrslibrsgecc-1librsi38b-redhat-linux-3.2.2-ccl -lang—c —v -D_ GNUC__ =3 -D_ GNUC_MINOR_ =2 -D_ GHUC_PnA
TCHLEVEL_ =2 -D_ GXX_ABI_VERSION=102 -D_ ELF__ -Dunix -D__gnu_linux__ -Dlinux -D__ELF__ -D_ unix__ -
D_gnu_linux__ -D_ linux__ -D_ unix -D__ linux -Asystem=posix -D__NO_INLINE__ -D_ STDC_HOSTED_ =1 -Ac
pu=i386 —Amachine=i386 -Di3B6 -D_ i386 -D_ i386_ -D_ tune_ i386_ app.c —quiet —dumpbase app.c -vers
ion -0 stmprsccCBCUMe .=
GNU CPP version 3.2.2 20030222 (Red Hat Linux 3.2.2-5) (cpplib) (i386 Linux/ELF)
GNU C version 3.2.2 20030222 (Red Hat Linux 3.2.2-5) (i386-redhat-1inux)

compiled by GNU C versiomn 3.2.2 20030222 (Red Hat Linux 3.2.2-5).

ignoring nonexistent directory “usrslocalsinclude”
ignoring nonexistent directory “usr-i386-redhat-1inux-include"
#include "..." search starts here:
#include <...> search starts here:
susrslibsgcc-1ibsi386-redhat-linux-3.2.27include
susr/include
End of search list.
as -V -fjy -o ~tmpsccdDfRuj.o #tmpsccCBCUNe .=
GNU assembler version £.13.90.0.18 (i386-redhat-linux) using BFD version £.13.90.0.18 20030206
susr/libsgcc-1ibsi386-redhat-linux-3.2.27collectZ ——eh-frame-hdr -m elf_i386 —-dynamic-linker ~lib-1
d-linux.s0.Z2 -0 app ~usrslibsgcc-libridgb-redhat-linux-3.2.27..-..7..7crtl.0 ~usrs1libsgcc-1ibrsidgb—r
edhat-linux-3.2.27../..7..7crti.o susrslibsgeoc-libri3B6-redhat-1linuxs3.2.27crtbegin.o -Lsusr/librgec
-libsid8b-redhat-linux-3.2.2 -L-usrslibsgcc-1ibsidBb-redhat-linux-3.2.2~..7..7.. ~tnpsccdDfRuj.o -lg
cc -lgcc_eh -lc -lgcc -lgcc_eh ~usrslibrsgeoc-1librsidBb-redhat-linux-3.2.2-crtend.o ~usr/libsgcc-1ibsi3
gb-redhat-linux-3.2.2/../..7. .7/crtn.o
[root@localhost =klft 1=
app app.c app_header.txt gcc_app.txt =sk.c =sk.o sk_header.ixt
[root@localhost skl |
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