Thwc hanh Unix, Linux (2)

Bo mon Hé théng va Mang may tinh
Khoa Khoa hoc va ky thuat may tinh
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NOi dung

Bién dich va thuc thi chuvong trinh C/C++
Co ban vé process

e T6 chtrc cia mot process

e Background va foreground process

e Cac lénh thao tac vd1 process

Lap trinh v&1 process
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NOi dung

e Bién dich va thuc thi chuong trinh C/C++
e Gidi thiéu vé process

e Co ban vé process

e Background va foreground process

e Cac lénh thao tac vdi1 process

e [ap trinh v&i1 process
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Qua trinh tao process

source object
file 1 \gcc/g++ module 1 L
source object executable
file 2 module 2 file
source / object
file 3 module 3 J
— :
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dung GNU

GNU Compiler Collection (GCC)
e Thu vién cac ham tién ich: libc, libstdc++, ...
e Cac trinh bién dich: gcc, g++, gcj, gas, ...
e Trinh khu 16i: gdb
e Trinh tié€n ich khéac trong binutil§ nhu nm, strip, ar, objdump,
ranlib (dung Iénh info binutils dé xem thém)
e Tién ich: gmake
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Trinh bién dich GNU C/C++

Cong cu dung bién dich cac chuong trinh C/C++
Qua trinh bién dich thanh file thuc thi gom 4 giai doan theo tht
tu nhu sau:

1. preprocessing (tién xu Iy)

2. compilation (bién dich)

3. assembly (hop dich)

4. linking (lién két)

Ba budc 1, 2, 3 chu yéu lam viéc vai mot file dau vao
Budc 4 co thé lién két nhiéu object module lién quan dé tao
thanh file thuc thi nhi phéan (executable binary)

Lap trinh vién cd thé can thiép vao tirg budc & trén
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GNU C/C++ compiler (gcc/g++)

source code | .c,.cc | hello.c

gcc —E hello.c [—o hello.cpp]

preprocessed gce =S hello.c [0 hello.s]

source file -CPP | hello.cpp
gccmhello.cpp [0 hello.s]

assembly hell
source code SR gcc —c hello.c [-o hello]

gcc —x assembler —c hello.s [-o0 hello.0]

objectfilc Q.. —

gcc hello.c [—o hello]
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- Tom tat mot sé tuy chon cu

gcc
[rovehon [congawng ]

o FILE Chi dinh tén cua file output (khi bién dich thanh file thuc thi, néu khéng
c6 -o filename thi tén file mac dinh s€ |a a.out)

-C Chi bién dich ma khéng linking (i.e. chi tao ra object file *.0)

Chi tén thu muc DIRNAME |la noi chira cac file header (.h) ma gce sé tim
trong dé (mac dinh gec sé tu' tim & cac thu muc chuén /usr/include, ...)
Chi tén thu muc DIRNAME 1a noi chlra cac thu' vién (.a, .s0) ma gee sé tim

-IDIRNAME

"LDIRNAME trong dé (mac dinh gec sé tu tim & cac thu muc chuén /usr/lib, ...)

-0 [n] T6i Uu ma thuc thi tao ra (e.g. -02, -03, hodc -0)

- Chén thém ma phuc vu céng viéc debug

-E Chi thuc hién budc tién xur' ly (preprocessing) ma khdng bién dich

-S Chi dich sang ma hdp nglr chr khéng linking (i.e. chi tao ra file *.s)
-Ifoo Link vdi file thu vién cé tén |a libfoo (e.g. -Im, -Ipthread)

-ansi Bién dich theo chudn ANSI C/C++ (s& canh bdo néu code khéng chun)
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Bien dich chwong trinh C/C++

File main.c

#include <stdio.h>
#include "reciprocal.h"
int main (int argc, char **argv)
{
1t 1
I atoltareviil);
printf("The reciprocal of %d is %g\n “,i,reciprocal(i));

return 0;

}

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM 9



Bien dich chwong trinh C/C++

File reciprocal.h

extern double reciprocal(int 1i);

File reciprocal.c
#include <assert.h> /* some debug routines here */

fincliade “reciprocabilly

double reciprocal(int i){
assert (i !=0); /* used for debugging */

return 1.0/1;

}
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Bién dich chwong trinh C/C++

Bién dich (khong link) mot file chuong trinh nguon C
don 1¢

gcc —c main.c
Bién dich (khong link) co stir dung céac file *.h trong thu
muc Include

gcc —¢ -I ../include reciprocal.c
Bién dich (khong link) c6 t&i wu ma

gcc —¢ —02 main.c
Bién dich c6 kem thong tin phuc vu debug => kich thudc
file output 16n

gcc -g —c reciprocal.c
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Bien dich chwong trinh C/C++

Lién két (link) nhiéu file d6i twong (object files) da co
gcc -0 myapp main.o reciprocal.o

Lién két object files vai cac thu vién (libraries) khac
gcc —o myapp main.o -Ipthread
gcc —o myapp main.o —L/usr/somelib -lutil
gcc —o myapp main.o -L. —ltest
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Bién dich chwong trinh C/C++

Luu y khi bién dich trong Linux
 Dlng g++ néu chuong trinh ¢ chita ma C 1an C++
e DUng gcc néu chuong trinh chi c6 ma C

e File thuc thi tao ra khong co duoi .exe, .dll nhu moi truong
Windows

Gia su ing dung ctia ban gom nhleu hon mét file source code,
(e.9. main.c va reciprocal.c). Be tao thanh chuong trinh thyc
thi, ban c0 thé bién dich truc tiép bang mot 1énh gce nhu sau:

$ gcc —o myapp main.c reciprocal.c

Cach lam thu cong nhu trén sg bat tién va khong hiéu qua khi
tmg dung gom qua nhiéu file (khoang>10 files ?2?)

 Tham khao thém cong cu rat hiru ich 1a GNU make
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static J.
librari

source object e
file 1 module 1 \ static linking
source object @ executable
file 2 module 2 file
source object /
file 3 module 3 J

rocess
pimaqe Loader

ic linkin

dynamic u
librari
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/X/

Thw vién lap trinh trong Linux

Executable ]

‘ » Program

Library
Function

U'ser mode

Kernel mode

=)
:

[ Hardware J
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Cac loai thw vién Iap trinh

Thu vién lién két tinh (static library)
o L& tap hop céc file object tao thanh mot file don nhat
e Tuong tu file .LIB trén Windows

e Khi ban chi dinh lién két tng dung ciia minh véi mot static
library thi linker s€ tim trong thu vién d6 dé trich Xuat
nhiing file object ma ban can. Sau do, linker s& tién hanh
lien két cac file object d6 vao chu:ong trinh cta ban.

Thu vién lién két dong (dynamic, shared library)
e Tuong tu thu vién dang .DLL ctia Windows

Thu muc chira thu vién chuan
o Misri/lib /1D
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Tao thw vién lién két tinh

» Gia st ban c6 hai file m4 nguén chtra ham la a.c va b.c

a.c b.c

int funcl(){ double func2(){
return 7, return 3.14159;

} }
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Tao thw vién lién két tinh

Tao thu vién tinh tén la libab.a
1. Bién dich tao cac file object

Siocc cac b

2. Dung 1énh ar dé tao thanh thu vién tinh tén la libab.a
Sar et libab.a 2 6. bo

3. CO thé dung 1énh nm dé xem lai két qua
$ nm libab.a

4. CO thé dung Iénh file dé xem file libab.a |4 loai file gi
$ file libab.a
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Dung thw vién lien két tinh
* Tao tng dung c6 stir dung ham thu vién trong a. c
myapp.c

int main(){
printf("Ket qua ham funcl: %d\n” ,funcl());

exit(0);
}
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Dung thw vién lieén két tinh
Bién dich khong link dén thu vién tinh libab.a
$ gcc -o myapp myapp.c

/tmp/cc2dMicl.o: In function “main':

/tmp/cc2dMicl.o(.text+0x7): undefined reference to
afuncly

collect2: 1d returned 1 exit status
Bién dich ¢ link dén thu vién tinh libab.a
$occ —o myapp myapp.¢ L. ~lab hoge
$ gcc —o myapp myapp.c libab.a

$ ./myapp

Ket qua dung ham funcl: 7
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Tao thw vién lién két déng

Tao thu vién lién két dong libab.so tir a.c va b.c
1. Bién dich tao cac file object c6 dung tuy chon —fPIC
$oce ¢ fRPIC a2 c b
2. Tao thu vién lién két dong tén 1a libab.so
$ gcc —shared -fPIC -0 libab.so a.o b.o
3. Co0 thé dung Iénh file dé xem file libab.so 1 loai file gi

S Fife Fibab o

libab.so: ELF 32-bit LSB shared object, Intel 80386,
version 1 (SYSV), not stripped

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM
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Dung thw vién lién két dong

Bién dich khong link dén thu vién dong libab.so
$ gcc -o myapp myapp.c
/tmp/cc2dMicl.o: In function “main’
/tmp/cc2dMicl.o(.text+0x7): undefined reference to ‘funcl'
collect2: 1d returned 1 exit status
Bién dich c0 link dén thu vién dong libab.so
$ gcc —o myapp myapp.c -L. -lab hodc
$ gcc —o myapp myapp.c libab.so
$ ./myapp

mvapp error while loadine Shared  Libraries Vibab so cannot
open shared object file: No such file or directory
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Dung thw vién lién két dong

Nguyén nhan: do loader tim trong thu muc thu vién chuan
nhu /usr/lib, /lib khong co6 libab.so
Céach giai quyét

Hep Libab o thih

$ ./myapp
Ket qua dung ham funcl: 7

hoac
$ export LD_LIBRARY_PATH=$LD_LIBRARY_PATH: .

$ ./myapp
Ket qua dung ham funcl: 7
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Dung thu vien lien két dong
Mot s6 cha y khi 1ap trinh véi thu vién lién két dong
e Kiém tra xem ting dung cuoi cung cua minh tao ra phy

thudc vao cac thu vién lién ket doéng nao bang 1énh ldd. Néu
bi thiéu thu vién thi phai khac phuc theo 2 cach & trén

$ 1dd myapp
l1bab.so=>not found
libc.so0.6=>/1ib/i686/1ibc.so.6(0x42000000)

/1ib/1d-1inux.so0.2 (0x40000000)

e Trong thu myc hién tai c0 2 thu vién la libab.a va libab.so.
Khi do, linker s€ uu tién lién két thur vién .S0 trudc. Mubn

chi dmh buoc linker tién hanh lién két tinh véi thu vién
libab.a thi thém tuy chon —static

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM 24



NOiI dung

* Bién dich va thuc thi chuong trinh C/C++
* Gi6i thiéu vé process

e Co ban vé process

e Background va foreground process

e Cac lénh thao tac vdi1 process

e Lap trinh vo1 process

Khoa KH&KTMT - Pai hoc Bach Khoa Tp. HCM
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Co ban vé process

Process: chuong trinh dang thuec thi.
User c6 thé theo dbi trang thai ctia process, tuong tac véi
process
C6 hai loai user process trong hé thong
e Foreground process
e Background process

Cac “process” thuc hién cac cong viéc ctia hé diéu hanh
con goi la cac kernel thread, daemon

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM
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Theo dOI cac process

Xem trang thai cac process (process status)
ps [option]
Options
e -¢ chon tat cac process
o -fliét ké tat ca (full) cac thudc tinh
o -A liét ké tat ca processs
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- Background va foregroun

PIroCess

Background process
e Khong co giao dién
 Khong thé twong tac truc tiép véi chuong trinh
e Chay nhiéu process cung luc
Foreground process
e Co giao dién
o Tuong tac truc tiép voi chuong trinh
e Cho process két thiic méi chay dugc process khac
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Thwc thi foreground process

Khi g0 1&énh trong trng vé1i tén chuong trinh theo cach
thong thuong

Khi click vao icon trén giao dién d6 hoa tuong tng voi
chuong trinh.

Foreground process tuong tac duoc voi ngudi dung qua
thiét bi nhap chuan 1a ban phim.

Két xuat ctia chuong trinh chu yéu I3 thiét bi xuat chuan I3
man hinh.

Trinh thong dich 1énh s€ b1 blocked cho to1 khi foreground
process kétthuc
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~Két thuc thuc t

Process
* Dung to hop phim Ctrl-C

oregroun

®* Vidu

S find / —name “* pst —print

~C
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" Tam hoan thwc thi foreground

process

* Dung t6 hop phim Ctrl-Z
— Process twong tmg chuyén sang trang thai suspended

* Vidu

$ find / “*.profile” -print

L

[1]+ Stopped rnd s ara el e

$ ps

R R TIME CMD

2o0pEs £ 00700500 bash

2881 pts/1 00:00:00 find

2883 pts/1 00:00:00 ps
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~Tam hoan thuwc thi foreground

process (2)

Néu muon cho process tiép tuc thuc thi & ché do
foreground, dung 1énh fg n (trong d6 n 1a chi s6 cua job
hién thi trong ngodc vudng, vi du [1], [4], ...), con mudn
process thuc thi & ché do background thi diing 1énh bg n.
Vidu

$ jobs

[1]+ Stopped find / “x.profile” -print

S fo | hoae

$ bg 1
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“Thuwc thi process & =
background

Thém dau & (ampersand) vao cudi 1énh
Vidu

S find = profile s cprint > Kk

[1] 2548
Trinh thong dich 1énh tao ra mot process tuong ing voi
chuong trinh d6 dong thoi in ra job number va PID cua
process duogc tao ra.
Ngay sau khi thuc thi, trinh thong dich san sang nhan 1énh
méi (khdng bi blocked nhu doi véi foreground process)
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Thwc thi background process

Background process van xuat két qua ra standard output 13
man hinh trong Itc thuc thi

=> can tai dinh hudng standard output dé tranh mat dir liéu
Xuat.

Nguoi dung khoéng thé twong tac voi chuong trinh qua
standard input la ban phim
=> can phai tai dinh huéng standard input théng qua file néu
process do can nhap dir ligu.
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Quan ly background process

Liét ké cac job dang hoat dong — dung Iénh jobs

$ jobs -1
| 1]+ 3584 Running xterm—g 90x55
|2]- 3587 Running xterm—g 90x55

Doi vdi cac qua trinh, c6 thé:
 Chuyén process tir thuc thi background sang foreground va
nguoc lai dung 1énh fg hoac bg

o Két thiic mdt qua trinh
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~ Chuyeén foreground than

background process

Tri hodn qua trinh d6 (bang Ctrl + Z)
Dung 1énh bg (background) dé chuyén process sang ché
do thuc thi background.
Vidu
$ 1s -R / > kq
Sl
[1]+ Stopped Is =R / > kq

$ bg (vi chi c6 mot jobs nén bg khong can tham sé)
[l ils R > kgh
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foreground process

* Dung Iénh fg (foreground)
* Vidu
Soks R el @
[1] 2959
$ jobs
[t Banmine sl R kg @
$ fg 1
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Ket thuc qua trinh

Dung 1€nh kill

kill [-signall process identifier
Can dung 1énh ps trude dé biét PID cua qua trinh.
C6 thé dung 1énh don gian nhu sau:

kill process_identifier hodc

kill -9 process_identifier
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NoOi dung

Bién dich va thuc thi chuvong trinh C/C++
Gidi thiéu vé process

 Co ban vé process

e Background va foreground process

e Cac lénh thao tac vd1 process

Lap trinh v1 process

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM
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Lap trinh vol process

No1 dung
o Kién truc hé thong *NIX
e T6 chtrc ctia process
e Xir Iy tham s6 dong 1énh (command line arguments)
e Tao mdi va két thic process
e Goi thuc thi 1énh/chuong trinh khac bang system(), exec...()
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Lap trinh voi process

* No1 dung
e Kién triic hé thong *NIX

e T0 chirc cua process

e Xir Iy tham s6 dong 1énh (command line arguments)
e Tao mdi va két thic process
e Goi thuc thi 1énh/chuong trinh khac bang system(), exec...()
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So lworc ve *NIX

Pon khoi (monolithic)

Pa nhiém (multitasking)

Nhiéu nguoi dung dong thoi (multiuser)
Da dung (general purpose)

Chia sé thoi gian (time-sharing)

Bao mat
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Mot so nhanh phat trien
BSD UNIX: California Univ. of Berkeley
System V: AT&T
SunOS/Solaris: Sun Microsystem
AlX: IBM Corp.

HP-UX: Hewlett-Packard
Linux: Linus Torvalds
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Kién trac tong quan

Unix Architecture
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Kién tric luan ly

(the users)

Shell and commands

Compilers & Interpreters
System libraries

Signals
Termial handling
Character |/O system
Terminal drivers

File system
Swapping
Block /O system
Disk & tape drivers

CPU scheduling
Page replacement
Demand paging
Virtual memory

Terminal controllers
Terminals

Device controllers

Disks & tape

Memory controller
Physical memory

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM

45



*NIX Kernel
[ Geea

System Call Interface

IPC
File System
Process
Scheduler

Control

System

Device M Memory t
Driver anagemen
Hardware Control
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Kernel vs. user space

Kernel Space

<D <>

User Space ;Tm
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/X/

Lap trinh vol process

* No1 dung
e Kién trc hé thong *NIX
e T6 chtrc ctia process
e Xir Iy tham s6 dong 1énh (command line arguments)
e Tao mdi va két thiic process
e Goi thuc thi 1énh/chuong trinh khac bang system(), exec...()
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Quan ly cac qua trinh

Pa nhiém

T4c vu -> process.
Moi process co:

e Khong gian dia chi (address space)

e Code thuc thi

e Cac vung chua dir liéu

e Stack
Trang thai process:

e registers, program counter, stack pointer, ....

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM 49



Danh dinh cua process

* Process identifier (P1D) duy nhat, ting dan tir 0
* Mot s6 PID dic biét:

e 0: root

e 1:Init
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B nhé cua process

Text: chira chuong trinh — code thuc thi - chira cac
Instruction danh cho CPU thuc hién - read only.

Data: ving dit liéu - chira cac bién dugc khai bao tinh
hoac dong — xin cap phat trong luc thuec thi.

Stack: chira trang thai va cac thong tin lién quan dén viéc
go1 ham.
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Cau truc bd nhé

* Process memory layout: argc/argv[]
e Text segment (code) Stack segment

e Data segment

e Stack

e Heap

e Command-line arguments
e Environment variables

Heap

Uninitialized data

Initialized data

Text segment .
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au tric bé nhé

Svetem Memory

Frogess ()

FProcess 1

Frogcess H

Frocess (5

el
t-:ll.llu

el

Process Memory

Initialized data

Uninitialized data o

_OS data structures
L] et

Buffors

Kernel eode

Lovwe-level eode
device drivers

1-|rrrrrl-ll-----r-r-r-rr!-

System process info
System stack
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Stack

User
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Dia chi bo nho’

Dia chi do process tham khao chi la dia chi 4o
Co6 thé truy xuat thong tin bd nhd qua cac bién toan cuc:
e etext: dia chi sau vung text
o edata: dia chi két thdc vung initialized data
o end: dia chi bat dau ving heap
Dinh nghia macro dé in dia chi mot bién
#define PADDR(x) printf(#x " at %u\n", &x)
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#1include <stdio.h>

#1include <stdlib.h>

#define PADDREx) printfl#x Y at Buln' &x);

extern unsigned etext, edata, end,

int a =0, b;

int mainCint argc, char *arovi ) {
printf("End of text segment at %u\n", &etext);

printf("End of initialized statics and externals at
%u\n" , &edata);

print FCTEnd of untnitralized statics and externals at
%u\n", &end);

PADDR(a) ;
PADDR(b) ;
return O;
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/X/

Lap trinh vol process

* No1 dung
e Kién trac hé thong *NIX
e T6 churc cua process
e Xir Iy tham s6 dong 1énh (command line arguments)
e Tao mdi va két thiic process
e Goi thyc thi 1énh/chuong trinh khac bang system(), exec...()
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Lay doi so va bien moi treong
Chuong trinh C
int main(int argc, char *argv[]) {
}
Trong do

o int argc: sO tham so cua chuong trinh khi chay

o char *argv[]: danh sach cac tham so
Ngoai ra, con co cac bién ngoai (external variable)
e extern char **environ: danh sach bién mdi trudng
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/X/

Lay doi so va bien méi trwérng
* Go1 thuc thi chuong trinh myapp:

$ ./myapp 12 34 56 78
The biggest integer 1s 78

argc argv
5 Jmyapp
12
34
56
78
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» P

#include <stdio.h>

#include <stdlib.h>
extern char #**environ;
int maintint aroe char *arovll )
M
print £ Number of arsuments is %d\n’ aree);
printfC " Aroumentsiin');
for(i=0; i<argc; it++)
printf("argv[%d]=%s\n",i,argvlil);
getchar();
tor (10 environlil!-(char ©10; i+t)
e e s
return O,
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Lay PID cua process

#include <unistd.h>

pid_t getpid(void);
Lay PID ctia process hién hanh

pid_t getppid(void);
Lay PID cuia process cha
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P — T, W
Vi du

#include <stdio.h>
#include <unistd.h>

int main() {
printf("Processid: %d\n", getpid());
printf("Parent process id: %d\n", getppid());
return 0O;
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Lap trinh vol process

* No1 dung
o Kién trac hé thong *NIX

e TO chirc cua process

e Xt Iy tham s dong 1énh (command line arguments)
e Tao mdi va két thic process
e Goi thuc thi 1énh/chuong trinh khac bang system(), exec...()
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Tao process

ork()
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Tao process

[Parent process]

fv

fork()

[Parent process]

4 N
Text

Data

g Stack y
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/X/

Chu ky song ctia process

—@aren)---- -5

fork() i

@ exec() @ exit()
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/

Tao process
pid_t fork(void);

Néu thanh cong:
o tra vé 0 trong than process con

e PID cua con (>0) trong than process cha.

Néu that bai, tra vé -1 va Iy do kém theo:
e ENOMEM: kh6ng du bd nho
o EAGAIN: s6 process vugt qué gidi han cho phép
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Vi du

Dang mau chuong trinh

prdit ‘pid;
pid = forkl);
if (pid==0) {

// child code here
Felse if (pid0) 4

// parent code here
} else {

// error warning
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HINCTUde <stdro-h> e ——
—#include <unistd.h>

int main() {
int pid;
if Clpidsforkl))=0) {
printf("Child process output: PID=%d\n",getpid());
printf("My parent PID is %d\n\n",getppid());

relse iftpido0)
printf("Parent process output: PID=%d\n “,getpid());
printf("Child PID=%d\n “,pid);

relse {

printf("Fork error!\n");
exit(1);

}

return 0
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Két thuc process

Dung system call exit ()

Orphaned process: process cha két thuctrude -> process
con sau do sé co cha la init (PID=1)
Zombied process
* Process két thic nhung chua béo trang thai cho process cha
biét.
e Dung hém wait() hay waitpid() & process cha dé lay trang
thai tra vé tur process con.
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e
Dol process con

#include <sys/types.h>

#include <sys/wait.h>

pid_t waitpid(pid_t pid, int #*stat_loc, int options);
Tra vé PID cua process con thay doi trang thai, hoac -1 néu that bai
Doi 0 pid:

< -1: Doi bat ky process con nao cé process group ID bing véi |pid|
= -1: Doi bat ky process con nio

= 0: Poi bat ky process con nao co process group ID bang vdi process
group ID cua process goi.

> 0: Poi pocess co PID bang vai gia tri ndy
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— e

Dol process con

#include <sys/types.h>
#include <sysiwait h>
pid_t wait(int *stat_loc);

Tham khao manpage cua system call waitpid(), wait()
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g
Vi du

#include <stdio.h>
#include <unistd.h>
#define PROCESSNUM 3 /#* Number of processes */
It marnlind arse char Farovil)b
int count ‘retval child no;
/* Creating processes */

retval=1;
for (count=0; count<PROCESSNUM; count++) {

if (retval!=0) retval=fork();
else break;

}
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, T Y e
»

/* Execution of child processes */
if (retval==0) {
child_no=count;
printf("Child #%d has PID: #%d\n” , child_no,getpid());
sleep(rand()%5) ;
} else {
/* Waiting for children termination */
for (count=0; count<PROCESSNUM; count++)
wait(NULL);
printf( “Parent has PID (process—id): #%d\n” , getpid());
}

return 0;
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Lap trinh vol process

* No1 dung
o Kién truc hé thong *NIX
e T6 chtrc ctia process
e Xir Iy tham s6 dong 1énh (command line arguments)
e Tao mdi va két thic process
e Goi thuc thi 1énh/chuong trinh khac bang system(), exec...()
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~Cac ham QM

trinh
int system(const char *string);

int execlbeonst chor *hah const char s )
int execvlconst char *path const char *arevi 1)

int cxeclpleonst char *lename const char *ars )
int execvp(const char *lename, const char *argv| |)

int execle(const char *path, const char *arg, ...,
const char s**env)

int execve(const char *path, const char *argv| |,
const char **env)
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Ham system()

Xir Iy mét 1énh duoce chi ra trong thong so string va tra vé
sau khi 1énh duoc thuc thi xong
Thuc chat thi 161 goi ham system(string) s& thuc hién 1énh
sh -c string
Gia tri tra vé:

e 0: thanh cong

o -127: ma 16i khong khéi dong shell dé thuc hién 1énh

e -1: mi 16i khac

e <>-1: ma tra vé khi thuc hién 1énh string
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Ham system()

* Vidu
#include <stdio.h>
#include <unistd.h>
it mainting aroc char erarev)
s ey
printf("Call system() OK!\n");
return 0;
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Cac ham exec...()
» Cac ham exec...() thuc hién nhu sau:

Shell waits for the
command to finish

$ command - > $ prompt returns

/v command
fork produces a child executes

Process
- —

execve, overlay child process Command has finished,
image with command image exit, return, etc.
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Cac ham exec...()
cha y
e Cac ham exec s¢ thay the process goi ham bang chuong trinh

twong ung trong tham s6 nhap cua ham. Ving text, data, stack bi
thay thé, ving user (user area) khong bi thay thé.

e Chuong trinh duoc goi bat dau thuc thi & ham main() (entry
pomt) c6 thé nhan tham s6 nhap théng qua cac tham so truyén
vao cac ham exec.

Vidu
e Goi thuc thi 1énh & dau nhac
$ 1s -1 /

e Chuong trinh dung exec...()
execlt bindls o ibinflst o =l Cehars)0 )
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" Phan tich tén goi cac ham

exec...()

* int execl(const char #*path, const char *arg, ...)
o int execvlconst char #path ' const char »*arov| )

o nt cxeclplconstichar *lename; ‘const char *ars. )
* int execvp(const char *lename, const char *argv[ |)

e int execle(const char *path, const char *arg, ..., const char
%keny)

e int execve(const char *path, const char *argv| |, const char
kkENV )
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“Phan tich tén goi cac ham
exec...()

Ham c6 chura ki tu | (execl, execlp, execle) dung danh sach
tham so la cac pointer dén string, két thic danh sach nay la
mot NULL pointer.

Ham c6 chura ki tu v (execyv, execvp, execve) dung danh
sach tham so6 la mot array cac pointer dén string, két thuc la
mot NULL pointer.
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——
“Phan tich tén goi cac ham
exec...()

Ham co6 chira ki tu p (execlp, execvp) chap nhan tén cua
chuong trinh can chay, khi chay chu:0’ng trinh do, no s€
tim trong execution path hién tai; cac ham khong co ki tu
p phai cung cap day du duong dan dén chuong trinh can
chay.

Ham c6 chira ki tu e (execle, execve) cO thém mot thong
so khéc 1a blen mo1 truong. Thong SO nay phal 1a mot
pomter tré dén cac strlng, va string cudi cung cua pomter

nay la NULL pointer. Moi string ma pointer nay tré dén co
dang “VARIABLE=value”.
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Tom tat tén cac ham exec...()

Tw dong tim

Tw dong tim
duong dan

Tén ham
execl(...)
execv(...)
execle(...)
execve(...)
execlp(...)
execvp(...)

Tham so6 bién méi
trueong
list yes
array yes
list no
array no
list yes
array yes
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no
no
no
yes
yes
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Vidu 1

#include <stdio.h>
#include <unistd.h>

void main() {
execlp("/sbin/ifconfig","/sbin/ifconfig","-a",0);

}
Dich va chay

oee o o el ¢

$ ./exl
ethO Link encap:Ethernet Hwaddr 00:60:8C:84:E6:0E
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Vi du 2

#include <stdio.h>
#include <unistd.h>
void main(int argc, char *argv[]){
execv("/sbin/ifconfig",argv);
}
Dich va chay

Cece el

$lex2 2
ethO Link encap:Ethernet Hwaddr 00:60:8C:84:E6:0E
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Vidu 3

#include <stdio.h>
#include <stdlib.h>
#include <errno.h>
extern char **environ;
int main(int argc, char **argv) {
it prd et sy
char *child_argv([4];
if (aroc—<1)
return 1;
pid=forkl});
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e
Vi du 3 (tt)

if (pid==-1)
return -1;

if (pid==0) {
child_argv[0]= “sh” ;

(1 )

child arsvilbl= e

DO = O

child_argv[2]=argv|1];

child_argv[3]=0;

execevet /bin/sh® el ld arev environ)
exi 127

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM 87



' Vidu 3 (tt)

do |
if Cwartpidipid &status O)=—=-1) {
it Cerenol=EINTR) return 1
} else
return status;
} while(1);
return 0;

Khoa KH&KTMT - DPai hoc Bach Khoa Tp. HCM 88



Questions???
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