I

Contents

Preface

1_{Introduction 1-11-3}

Sections 1-8 1-16 1-17 Relocation 1-21

2_{Introduction 2-12-2} 2-7 2-10

3_{3-1}

I^{Index}_{Index I-1}

ii

1-6 1-6 1-7

1-10

1-12 and

1-18 1-19

2-3

2-12

Preface

code.

routines, routines.

NOTE

1

1 Introduction 1-1_{1-1} 1-2

1-3 1-5 1-7

Sections 1-8_{1-13}

1-16

1-17 1-20

Relocation 1-21_{1-22}

i

Introduction

A An (BA_ A (SD_

excluded.

optional

Section n

optional

An Sections segments

1-1

A

NOTE

format

1-2 e_ident

e_type

Processor-specific Processor-specific

                          ET_CORE
ET_LOPROC through ET_HIPROC

1-3 e_machine

SPARC

                                            EF_ WIDGET EM_XYZ
                                 EF_XYZ_WIDGET.

e_version

                     1
                                    EV_CURRENT 1

e_entry

e_phoff

e_shoff

e_flags
                     EF_machine_flag

e_ehsize

e_phentsize

e_phnum
                   e_phentsize and e_phnum
                            e_phnum

e_shentsize

e_shnum

of e_shentsize and e_shnum

e_shnum

1-4 e_shstrndx
                     SHN_UNDEF

tion.

                                                     e_ident member.

                                              e_ident[]

EI_MAG0 to EI_MAG3

EI_CLASS e_ident[EI_CLASS]

1-5

ELFCLASS32 supports

Class ELFCLASS64

EI_DATA Byte e_ident[EI_DATA]

EI_VERSION Byte e_ident[EI_VERSION]
                       EV_CURRENT e_version.
EI_PAD e_ident

of EI_PAD

ELFCLASS32

Encoding ELFDATA2LSB

ELFDATA2LSB
           01

0

0x01
          02

0

01

1

0x0102
            04

0

03

1

02

2

01

3

0x01020304

1-6

Encoding ELFDATA2MSB

ELFDATA2MSB
           01

0

0x01
          01

0

02

1

0x0102
            01

0

02

1

03

2

04

3

              0x01020304

                  e_ident
                                        e_ident

                                      e_machine
EM_386.
             e_flags

1-7

Sections

Elf32_Shdr
            e_shoff
       e_shnum e_shentsize

indexes.

SHN_UNDEF
                                                                    SHN_UNDEF

NOTE e_shnum

SHN_LORESERVE

SHN_LOPROC through SHN_HIPROC

SHN_ABS
                                               SHN_ABS

SHN_COMMON
               COMMON

SHN_HIRESERVE
                                  SHN_LORESERVE and SHN_HIRESERVE

does not

1-8 sh_name

sh_type

sh_flags

sh_addr

sh_offset
                                          SHT_NOBITS
                                sh_offset

file.

sh_size
              SHT_NOBITS sh_size
              SHT_NOBITS

sh_link

1-9 sh_info
sh_addralign
                             sh_addr
              sh_addralign
sh_entsize

              sh_type
                       sh_type

SHT_NULL
SHT_PROGBITS
SHT_SYMTAB and SHT_DYNSYM

              SHT_SYMTAB

              SHT_DYNSYM

1-10

SHT_STRTAB

SHT_RELA Elf32_Rela

SHT_HASH

details.

SHT_DYNAMIC

SHT_NOTE

SHT_NOBITS
              SHT_PROGBITS sh_offset member

SHT_REL
              Elf32_Rel

SHT_SHLIB

SHT_LOPROC through SHT_HIPROC

SHT_LOUSER

programs.

SHT_HIUSER
                                       SHT_LOUSER and SHT_HIUSER

types.

(SHN_UNDEF lowing.

Inactive

1-11

              sh_flags

                              sh_flags

              sh_flags

SHF_WRITE
SHF_ALLOC

SHF_EXECINSTR
SHF_MASKPROC
                           sh_link and sh_info

1-12 sh_link and sh_info Interpretation

 SHT_REL
 SHT_RELA

 SHT_SYMTAB
 SHT_DYNSYM

                                      STB_LOCAL).

other

none

none

none none

.relname SHT_REL

1-13

.relaname SHT_RELA

none

.bss
                                                         SHT_NOBITS.
.comment
.data and .data1

.debug
.dynamic
           SHF_ALLOC SHF_WRITE

.dynstr

.dynsym

.fini

section.

.got

.hash
.init
                                                    main
.interp
                                                              SHF_ALLOC

.line

unspecified.

1-14

.note
.plt

.relname and .relaname

           SHF_ALLOC name
                                                             .text normally
                           .rel.text or .rela.text.
.rodata and .rodata1

.shstrtab
.strtab
                                            SHF_ALLOC
.symtab

the SHF_ALLOC

.text
                   .

e_machine

                             .conflict

1-15

                             sh_size

    sh_name
e_shstrndx

______________________________________________________ 0 ______________________________________________________ 10 ______________________________________________________ 20

0 none 1 name. 7 Variable 11 able 16 able 24

1-16

___________________

st_name

name.

NOTE

st_value

st_size

st_info

1-17 st_other
st_shndx

                        ELF32_ST_BIND

STB_LOCAL

other.

STB_GLOBAL

STB_WEAK
STB_LOPROC through STB_HIPROC

of STB_GLOBAL

_ SHN_COMMON

not

STB_LOCAL
          sh_info

1-18

                       ELF32_ST_TYPE

STT_NOTYPE
STT_OBJECT
STT_FUNC
STT_SECTION
                                           STB_LOCAL binding.
STT_FILE
                                   STB_LOCAL SHN_ABS
                           STB_LOCAL
STT_LOPROC through STT_HIPROC

                          STT_FUNC

STT_FUNC
                                                                  st_shndx,

SHN_ABS
SHN_COMMON
                                                 sh_addralign
             st_value
SHN_UNDEF

1-19

                                          STN_UNDEF

st_value member.
                   st_value
     SHN_COMMON.
                   st_value st_value
                                     st_shndx identifies.
                                st_value

1-20

Relocation

r_offset

r_info
                                                                    STN_UNDEF,

                                          ELF32_R_TYPE or ELF32_R_SYM
                    r_info member.

r_addend

                 Elf32_Rela Elf32_Rel store

1-21 header’s sh_info and sh_link

r_offset

member.

r_offset

             r_offset

    r_offset

word32

word32

01

3 31

02

2

03

1

04

0 0

                   0x01020304

A
B

1-22

G

tion.

GOT

information.

L

P

using r_offset).

S
               r_offset
                            Elf32_Rel

word32 word32 word32 word32 word32 S word32 S word32 word32 word32

R_386_GOT32

R_386_PLT32

table.

R_386_COPY

1-23

R_386_GLOB_DAT

R_3862_JMP_SLOT

R_386_RELATIVE

R_386_GOTOFF

R_386_GOTPC R_386_PC32
                           _GLOBAL_OFFSET_TABLE_

1-24

2 Introduction 2-1

2-2 2-4 2-4

2-7

2-10 2-10 2-10 2-11 2-15 2-16 2-17 2-19 2-20

i

Introduction

gram.

NOTE DT_ _

DT_M32_ – supported.

2-1 segment sections header’s and

p_type

p_offset

p_vaddr

memory.

p_paddr

objects.

p_filesz
p_memsz

zero.

p_flags
p_align
                            p_vaddr and p_offset
                                                 p_align
                        p_vaddr p_offset p_align.

2-2 p_type

___________________________

PT_NULL

PT_LOAD p_filesz and p_memsz.
                              p_memsz p_filesz

                                                    p_vaddr member.
PT_DYNAMIC

PT_INTERP

PT_NOTE

PT_SHLIB

PT_PHDR

PT_LOPROC through PT_HIPROC

2-3

NOTE

p_vaddr PT_LOAD

the p_vaddr values.

          .bss SHT_NOBITS

             p_memsz p_filesz

                                    SHT_NOTE
PT_NOTE

                  namesz
                  descsz
                   type
                   name

                   desc

2-4 namesz and name
                namesz name

                                 namesz
                                                                 namesz.

descsz and desc
                descsz desc
                                             descsz

in descsz.

type

                              C

                                  o

                                      \0

pad

C

    o

        \0

pad

desc

NOTE (

character.

2-5

NOTE

2-6

(0x1000

             0

         0x100 0x8048100
                 0x2be00 bytes 0x8073eff
       0x2bf00 0x8074f00
                  0x4e00 bytes 0x8079cff
       0x30d00

p_paddr

2-7

                                      0x1000

0x8048000
              0x100 bytes
0x8048100

Text

             0x2be00 bytes
0x8073f00
              0x100 bytes

0x8074000
              0xf00 bytes
0x8074f00

Data

             0x4e00 bytes
0x8079d00
            0x1024
0x807ad24
            0x2dc

                                    p_vaddr values

2-8 relative positions

File

2-9

                    PT_INTERP exec(BA_
                      PT_INTERP

mmap(KE_

conflicts.

PT_INTERP

NOTE

–specific.

Exec(BA_

linker;

from exec(BA_OS).

2-10

A .dynamic SHT_DYNAMIC

The .hash SHT_HASH The .got and .plt SHT_PROGBITS

                   exec(BA_ LD_BIND_NOW

LD_BIND_NOW=1
LD_BIND_NOW=on
LD_BIND_NOW=off

Otherwise, LD_BIND_NOW

information.

PT_DYNAMIC .dynamic _DYNAMIC

2-11

                      d_tag d_un.
d_val These Elf32_Word
d_ptr These Elf32_Addr

not structure.

d_tag
             d_un

2-12

                            d_tag

                                      d_un

DT_NULL DT_NULL _DYNAMIC array.

DT_NEEDED
                                                                DT_STRTAB

DT_PLTRELSZ
                                              DT_JMPREL DT_PLTRELSZ

DT_PLTGOT

DT_HASH
                                                         DT_SYMTAB element.

DT_STRTAB

DT_SYMTAB
             Elf32_Sym

DT_RELA
                                        Elf32_Rela

                     DT_RELASZ and DT_RELAENT
                         DT_RELA or DT_REL

DT_RELASZ DT_RELA

2-13

DT_RELAENT DT_RELA
DT_STRSZ
DT_SYMENT
DT_INIT

DT_FINI

DT_SONAME
                                                                 DT_STRTAB

names.

DT_RPATH
                         DT_STRTAB entry.
DT_SYMBOLIC

DT_REL DT_RELA
             Elf32_Rel
                         DT_RELSZ and DT_RELENT elements.
DT_RELSZ DT_REL
DT_RELENT DT_REL
DT_PLTREL
                      d_val DT_REL or DT_RELA

DT_DEBUG

DT_TEXTREL

ingly.

DT_JMPREL d_ptr

                                                 DT_PLTRELSZ and DT_PLTREL must

DT_LOPROC through DT_HIPROC

2-14

           DT_NULL DT_NEEDED elements,

DT_NEEDED

                                              DT_NEEDED
         DT_NEEDED

NOTE

                                       DT_SONAME

               DT_SONAME lib1
/usr/lib/lib2 lib1 and /usr/lib/lib2

                                  /
/usr/lib/lib2 directory/file
                               lib1

                         DT_RPATH
             : /home/dir/lib:/home/dir2/lib:
                              /home/dir/lib /home/dir2/lib

                       LD_LIBRARY_PATH exec(BA_
                                                         ;

         LD_LIBRARY_PATH=/home/dir/lib:/home/dir2/lib:

         LD_LIBRARY_PATH=/home/dir/lib;/home/dir2/lib:

         LD_LIBRARY_PATH=/home/dir/lib:/home/dir2/lib:;

All LD_LIBRARY_PATH DT_RPATH

2-15 searches /usr/lib.

NOTE LD_LIBRARY_PATH DT_RPATH

/usr/lib.

                    R_386_GLOB_DAT

bol _DYNAMIC

_GLOBAL_OFFSET_TABLE_

2-16

_GLOBAL_OFFSET_TABLE_ .got

                .PLT0:pushl got_plus_4

got_plus_8

name1_in_GOT offset@PC name2_in_GOT offset

...

2-17 offset

offset

...

NOTE

values.

       %ebx

                               name1 .PLT1.

                                                        name1
                                       pushl
name1.

offset

type R_386_JMP_SLOT

jmp
                             name1

                                              .PLT0
                   pushl

(got_plus_4 or 4(%ebx)

2-18

(got_plus_8 or 8(%ebx)

                                             name1

                                                             name1
                                        jmp .PLT1
name1 pushl instruction.

The LD_BIND_NOW

R_386_JMP_SLOT

NOTE

Elf32_Word

                        nbucket
                         nchain
                       bucket[0]

                        chain[0]

The bucket nbucket chain nchain

  bucket and chain
                                nchain

          bucket x for
bucket[x%nbucket] y
                        chain[y]
              chain

2-19

         chain STN_UNDEF.

     {

             {

             }
     }

                                                                atexit(BA_OS)

                                                             DT_INIT and
DT_FINI
                        .init and .fini

NOTE

atexit(BA_
_exit [see exit(BA_

2-20

3 3-1 3-2

i

Additionally,

† †

† †

3-1

_name name

and

f

returns

                                  f
                x
x otherwise.

(BA_ (BA_

The

. name - _name

3-2

I^{Index}

Index I-1

i

Index

A

alignment section

assembler

(BA_OS)

B definition

C

D

–11

environment

relocation

E ELF environment (BA_OS) – paging segments

I-1

F

–2

–2

FORTRAN

(BA_LIB) G

–

H

I

J instruction –18 L

(SD_

contents –2

I-2 library

–2 – –16

M –5

(KE_OS) N

O

extensions format relocation section

segment –

–17 type version

P paging

performance

POSIX – 13– process

image –2

processor-specific

– –12, 18– –

I-3 instruction –18

(BA_LIB)

Q

R

S segment dynamic –11 –2 permissions process –16

functions

segments symbols absolute binding common

type undefined value T

I-4

U –7

– – –8, V

W

X –2 Z

I-5