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o THAT UM Z — ALl

B SCHE » B T ke fT ik 4L
—FfEg AL LT L
@ Linux¥P : Fork + execve
> 4o

shell1#2 5 ¥ PAT— 4
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T AT A 89 48 K,

o Linuxis i 8 7T MATH X,
» ELF : Executable and Linking Format
& AELF# X, 7T AT A xxx 89 k3015 & ©

readelf —h xxx

> B AR A T AT A X,

* a.out : Assembler OUT put format
B A » Linux ¥ a.out#ELFHLX,
MR 2 T 4E B readelf -h&EFa.out™ AT LA headeris &

o HAit

» MS-DOS#jexe ST HF
» UNIX BSD#COFF T #

xlanchen@ustc.edu.cn) (THJEHUE Linuxd&1E & 402 #7Chapter 9-2 Linux'f 427

November 4, 2014

6/ 21


mailto:xlanchen@ustc.edu.cn

ELF U 45 X,

linkable executable
sections segments
ELF header
{optional,| Program header describes
ignored) table segments
sections e —
segments

describes section header {optional,
sections table ignored)
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% B ELF#% X, 7T $hAT AR 89 % 3013 &
o ¥4 “void main(void){}” #4) :
ubuntu-14.04 : readelf -h hello

ELF % :

Magic : 7f 45 4c 46 01 01 01 00 00 00 00 00 00 00 00 00
Class: ELF32

Data: 2’ s complement, little endian
Version: 1 (current)

0S/ABI : UNIX - System V

ABI Version: 0

Type: EXEC (T #ATLH4)
Machine: Intel 80386

Version: 0x1

A\ B 0x80482£0

kAR 52 (bytes into file)
Start of section headers: 4424 (bytes into file)
& 0x0

Akeg R 52 (%)

(Y NN 32 (%)

Number of program headers: 9

kR 40 (%)

R & 30

FHE AR Yk 27

GIHEALE
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Linux#f o AT LA K 89 % 2
o T AT LA N A9 ¢ 1inux_binfmt
/*

* This structure defines the functions that are used to load the binary formats that

* linux accepts.
*/
struct linux_binfmt {
struct list_head 1h;
struct module *module;
int (*load_binary)(struct linux_binprm *, struct pt_regs * regs);
int (*load shlib)(struct file *);
int (*core dump)(long signr, struct pt _regs *regs,
struct file *file, unsigned long limit);
unsigned long min_ coredump; /* minimal dump size */
int hasvdso;

» load_binary: il 35 B/ A48 7T AT AP 6942 804 4 AT i
#a—ANFeg @A LT

» load shlib: '/J?&é‘)’fﬁ*‘"%?ﬁ*ﬂ‘iﬁl*‘4‘6%&%?‘]’%%&

» core dump : & B AT# AR LT XRA B 4 Acorety TP
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Linux3t o #4T LA X 89 5 32

o 14w » ELF#% X 89 #5#t fFelf format

fs/binfmt_elf.c

static struct linux binfmt elf format = {
.module = THIS MODULE,
.load_binary = load_elf binary,
.load_shlib = load_elf library,
.core_dump = elf core_dump,
.min_coredump = ELF_EXEC_PAGESIZE,
.hasvdso =1
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Linux3t o #4T LA X 89 5 32

o AT UAFAE X 09 ZMAn 24K
include/linux/binfmts.h

extern int register binfmt(struct linux_binfmt *);
extern void unregister binfmt(struct linux binfmt *);

o T AT T AHE X 094k &

fs/exec.c

static LIST HEAD(formats);
static DEFINE_RWLOCK(binfmt lock);

o &AL T » PTA Yid 3t M AZ 69 T AT A X AT AL IE A
» & ALinux 2.6.26% & B 69 T AT A A,

o EAGIBATEAT » AL VUEM —NF789 T MAT LA X
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Linux st o] P47 SO X 69 & 2

o Linuxill i 7T AT LA 699 B 2 R A 5 4 4 L AT128F 7 69
magic# kiR F] LA X

fs/exec.c

/*
* cycle the list of binary formats handler, until one recognizes the image
*/
int search binary handler(struct linux_binprm *bprm,struct pt_regs *regs)
{...}
o LK EAL
» Exe
» Bat
[
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Exec 3 K 3%

man execl

#include <unistd.h>
extern char **environ;

int execl(const char *path, const char *arg, ...);
int execlp(const char *file, const char *arg, ...):
int execle(const char *path, const char *arg, ..., char * const envp[]);

int execv(const char *path, char *const argv[]);
int execvp(const char *file, char *const argv[]);
int execvpe(const char *file, char *const argv|], char *const envp|]);

o J— /38 8 T PAT A AT 69 BT SURA #4269 £ ST
o Xk AL S HIAL

» sys_execve() executes a new program.n
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Exec 3 K 3%

arch/x86/kernel/process_32.c

asmlinkage int sys execve(struct pt_regs regs) {
int error;
char * filename;

filename = getname((char _ user *) regs.bx);
error = PTR_ERR(filename);
if (IS_ERR(filename))
goto out;
error = do_execve(filename,
(char __user * _ user *) regs.cx,
(char __user * _user *) regs.dx,
&regs);
if (error == 0) {
/* Make sure we don’ t return using sysenter.. */
set_thread flag(TIF_IRET);

*

}

putname(filename);
out:

return error;
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Exec & & K ik

fs/exec.c

int do_execve(char * filename,

char _ _user *

__user *argv,
__user *envp,

struct pt regs * regs) {

char _ user *

file = open_exec(filename);
retval = bprm_mm_init(bprm);

retval = copy_strings kernel(1l, &bprm->filename, bprm);
if (retval < 0) goto out;

retval = copy_strings(bprm->envc, envp, bprm);

if (retval < 0) goto out;

retval = copy_strings(bprm->envc, envp, bprm);

if (retval < 0) goto out;

retval = search binary handler(bprm,regs);
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Exec 3 K 3%

/*
* Create a new mm_struct and populate it with a temporary stack
* ym_area_struct. We don’ t have enough context at this point to set the stack
* flags, permissions, and offset, so we use temporary values. We’ 11 update
* them later in setup arg pages().
*/
int bprm mm_init(struct linux binprm *bprm) {
int err;
struct mm_struct *mm = NULL;
bprm->mm = mm = mm_alloc();
err = -ENOMEM;
if (!mm) goto err;
err = init_new_context(current, mm) ;
if (err) goto err;
err = _ bprm_mm_init(bprm);
if (err) goto err;
return 0;

if (mm) {
bprm->mm = NULL;
mmdrop(mm) ;

}

return err;
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Exec 3 K 3%

fs/exec.c
/*

*/

int search binary handler(struct linux_binprm *bprm,struct pt_regs *regs) {

cycle the list of binary formats handler, until one recognizes the image

for (try=0; try<2; try++) {

read_lock(&binfmt_ lock);

list_for_each entry(fmt, &formats, 1h) {
int (*fn)(struct linux binprm *, struct pt_regs *) = fmt->load binary;
if (!fn) continue;
if (!try_module_get(fmt->module)) continue;
read_unlock(&binfmt lock);
retval = fn(bprm, regs);
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Exec 3 K 3%

o Welf#& X 89 L 41 (fn=load elf binary)
fs/binfmt_elf.c
static int load elf binary(struct linux binprm *bprm, struct pt_regs *regs) {
/* First of all, some simple consistency checks */

if (memcmp(loc->elf_ex.e_ident, ELFMAG, SELFMAG) !'= 0)
goto out;

» M set_brk, elf map, do _mmap® 3z &% MR
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AP B AL B AR

4

0 A L » UnixA2/)F 69 &M it % R AR 9 A4 Z-FrH (segment)
IFE CE 0 text

>
> #%IEF 0 data
» Bssf
> AR
o fimm_struct AL A xt & 6 F B
unsigned long start_code, end_code, start_data, end_data;
unsigned long start_brk, brk, start_stack;
unsigned long arg_start, arg end, env_start, env_end;

o boh o MAXFEF LAt - B2 HAEAMR
@ % /proc/1/maps T f#init ot £2 69 &M R
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44T % fk Aashel 12133,

o Al P 1# M shell R HATEANALF B » AR T 4754 -
5] 4a
1s —1 /usr/bin
71 & Jusr/bin T 89 B &2 &
@ Shell K& TR 4| AT % # oy ML »
G AT MR RT A8 g -
18] 4=

int main(int argc, char *ar‘gv[])

XA

int main(int argc, char xargv[], char xenvpl])
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5 Hcho I

B AR A

P AR T

NULL

Environment
strings

Command-1line
arguments

Dynamic linker’
tables

s

envpl ]

11

argv| |

argc

Retrun address

GIHEALE

PAGE_OFFSET
env_end

env_start
arg_end

arg_start

&evnp[ 0]
&argv[0]

start_stack

stacktop(esp)
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o RXA— B An U — T AT LM
o WAL F LA A BICE o 4o

void main(void) { }

Q EHAmainIPATEZHATET X
Q AL RN > FRHAAE (EmnainfREIHFAexit())
o L

> libm» 8,483% SIRE R KR
» 1ibX11 > BTAXII R O A% BEMIE O G L KK E Rk

> ...
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o T
void main(void) { }

Q ¥ Flgce -g -statich K BiF
Q 1% Mreadelf -hEKMFTIMAT LAk » &A THATREF G A O Hk o
5] 4e

AT B M @ 0x8048d2a
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A

Q 1% Mobjdump -DRIL% » & & A O KL FT 3t 5 6942 )7 24 & 2
(_start) o 4= :

08048d2a <_start>:

8048d2a: 31 ed xor %ebp, %ebp
8048d2c: 5e pop %esi

8048d2d: 89 el mov %esp, %ecx
8048d2f: 83 e4 f0 and $0xfffffff0,%esp
8048d32: 50 push %eax

8048d33: 54 push %esp

8048d34: 52 push %edx

8048d35: 68 dO 95 04 08 push $0x80495d0

8048d3a: 68 30 95 04 08 push $0x8049530

8048d3f: 51 push %ecx

8048d40: 56 push %esi

8048d41: 68 44 8e 04 08 push $0x8048e44

8048d46: e8 05 01 00 00 call 8048e50 <_ libc_start_main>

8048d4b: f4 hlt
8048d4c: 66 90 xchg %ax,%ax
8048d4e: 66 90 xchg %ax,%ax
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A

Q MNRERRE P KB IMA D startF|maint? B F %42

08048e44 <main>:

8048e44: 55 push %ebp

8048e45: 89 e5 mov %esp, %ebp

8048e47: 5d pop %ebp

8048e48: c3 ret

8048e49: 66 90 xchg %ax,%ax

8048e4b: 66 90 xchg %ax,%ax

8048e4d: 66 90 xchg %ax,%ax

8048e4f: 90 nop )
» HOW?

08048e50 <_ libc_start_main>:

8049016: ff 54 24 60 call *0x60(%esp)
804901la: 89 04 24 mov %eax, (%esp)
804901d: e8 le 57 00 00 call 804e740 <exit>
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£ Ik

o 1B ppt P BT A4 Fvoid main(void) {} > &F KL mAKED »
Zmain R FH 54 0 W A E T T2 % Lmainky ?
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Thanks !
The end.
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