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Objectives

nderstand process-related system calls

_earn how to create a new process

_earn how to execute a new program
Discuss about shell (command interpreter)
Understand issues on multitask

v Synchronization, virtual address, thread, ...

efer to Chapter 24, 27, 29 in the LPl and C

CSAPP

napter 8 in the

241
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PROCESS CREATION

s created and termi-

In this and the next three chapters, we look at haw a proc:
nates, and how a process can execute a new program. This chapter covers process
creation. However, before diving into that subject, we present a short overview of
the main syetem calls covere in these four chapters.

Overview of fork(), exit(), wait(), and execve()

T plocipl opln S i an) ot f e i
vait(), and execve(). Each of these syste
. For now, we provide an overview of these four system calls and how they
are typically used together.

cate of the parent. the ehild abiains copis of the p1\ ent's stack, data, heap.
and text segments (Section 6.3). The term fork derives from the fact that we can
civiage the pareat:pro dividing to yield two copies of itself.

making all resources

The cxif(atuc) library function terminates a pro
(memory, open file and z0 on) used by the proces available for
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PROGRAM EXECUTION

This chzpter follows from our dis: creation and termination in
the previous chapters. We now look at how a process can
to replace the program that it is running by a completely new program. We then
show how to implement the sysiem() function, which allos
arbitrary shell command.

e exece() system call

s caller to execute an

Executing a New Program: execve()

The execve() system call loads a aew program into 2 proce
operation, the ol program s discarded, and the proce:
replaced by those of tae new program. After execu

memory. During
ck, data, and heap are

funstions declared with the gee constructor attribute described in Section 42.4), the

ecution at its main) function.
of cxecoe() i in the child produced by a fork(), although
aplications without a preceding fork().

brary functions, all with names beginning with exe, are layered on
provides a different interface
to the same functionalty. The lcading of a nev program by any of these callz is com:
monly referred ta as an excc operation, cr simply by the notation exe). We begin
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THREADS: INTRODUCTION

In this and the nest few chapters, we describe POSIX threads, often known as
Pihreads. We won't attempt to cover the entire Pthreads APL, since it is rather large.
Various sources of further information about threas are listed at the end of this
chapter.
Bt

tandard behavior specified for the
e points where the two main Linux
s and Native POSIX Threads Library

Pthreads APL In Sec
threading implement
[\YILr—d iate from the standard.

In this chapter, we provide an overview of the operation of threads, and then
look at how threads are created and how they terminate. We conclude with a dis-
n of some factors that may influence the choice of a multithreaded approach
versus a multiprocess approach when designing an application.

Overview

Like proce:
multiple tacks concurrently. A
trated in Figure 29-L. Al of these threads are independently executing the same
program, and they all share the same global memory, including the initialized data,
uninitialized data, and heap segment e simply a special
case of a multithreaded proc one thread.)

threads are a mechanism that permits an application to perform




Introduction

s Process-related system calls

v Basic
= fork(), clone() : create a process, make a task_struct (like inode)

= execve() : execute a new program (loading)
» exit() : terminate a process, inform child status to parent
= wait(), waitpid() : wait for a process’s termination (child or designated)
= getpid(), getppid() : get a process ID (current or parent)
TR TVE IO .
rrerErr § v P rrrere A
v
I ; I -l.‘_'.i_.l’ré.l;r:;;__: eSS _
el b TERILE e e Ty A
| ::-aren;fizﬁfj;"' =r _ :‘L
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Process creation (1/6)

s fork() system call
v Make a new process whose memory image (text, data, ...) is the
same as the existing process
» EXisting process: parent process
= New process: child process
v Split the flow control into two (system’s viewpoint)
= One for parent and the other for child process

v Two return values (program’s viewpoint)
» Parent process: child’s pid (always larger than 0)
= Child process: 0

PR OTEHA

PID = 135

h 4
fork()

fork()=
c|Egt = 136

fork(<=
c|Elgt=0

e T2 M A
PID = 136



Process creation (2/6)

s Practice 1. making two control flows

/* fork_test.c example, Sept. 26, choijm@dku.edu */
#include <sys/types.h>
#include <unistd.h>
#include <stdio.h>
#include <stdlib.h>
The flow of control is divided here.
main()
{
pid_t fork_return;
printf("Hello, my pid is %d
if ( (fork_return = fork()) < 0) {
perror("fork error"); exit(1);
} else if (fork_return == 0) { /* child process */
printf(" child: pid = %d, ppid = %d\n", getpid(), getppid());
} else { /* parent process */
wait();
printf("parent: | created child with pid=%d\n", fork_return);
} This message is printed out twice. }
/* Following line is executed b
printf("Bye, my pid is %d\n", getpid());
}




Process creation (3/6)

s Practice 1: execution results

I|/* fork test.c example, Sept. 26,
$include <sys/cypes.h>

#include <unistd.h>

f#include <stdio.h>

#include <stdlib.h>

main()
{
pid t pid;

printf("Hello, my pid is 3

if | (pid fork(}) < 0} |

perror({"fork erroi

} else if (pid == 0) { [/

printf("child: pid

} elze { /* parent
wait () ;

printf("parent: I

/¥ Following line is exec
printf ("Bye, my pid is %4

choijmiembeddedd : ~/syapro/chaphs I

|

g__. 1

choin

| = | B | 28

main()

L
pid © pid;
printf ("Hello, my pid is %d\n™, getpid());
if ( (pid = fork{)) < 0} {
perror (®"fork error™); exit (1);

} else if [(pid = 0) §{ /f* child process */
printf ("child: pid = %d, ppid = %d\n",
} else { /* parent process */
wait();
printf ("parent:

getpid(), getppid()):

I created child with pid=%d\n™, pid);

f* Following line is executed by both parent and child =/
printf ("Bye, my pid is %d\n™, getpid()):

choiim@sungmin-Samsung-DeskTop-SysStem:
choiim@sungmin-Samsung-DeskTop-System:

~fayspro/chapss

SE

e I'-'"‘lliili il— IS I — IS K LIEF— Ti= ki 1 ] Bl ==& [ ] A ]
choijm@sungmin-Samsung-DeskTop-System:~/syspro/chap5$)./fork test
Hello, my pid is 23798

child: pid = 23799, ppid = 23798

Bye, my pid is 23738

parent: I created child with pid=237399

Bye, my pid is 23758

noidmEsunomin-Samsung-LDeskTon— sLem: ~/ Svsnros chansy

|choiim@sungmin-Samsung-DeskTop-System: ~/ syspro/chapss D

~fsyvsprofchap5% gcc -o fork test fork test

[

6

1

3
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Process creation (4/6)

s Practice 2: variable (local and global) management

/* fork_test2.c: accessing variables, Sept. 26, choijm@dku.edu */

/* Note: This code is borrowed from “Advanced Programming in the UNIX Env.” */
#include <unistd.h>

#include <stdio.h>

#include <stdlib.h>

int glob = 6; char buf[] = "a write to stdout\n";

int main(void)

{

int var = 88; pid_t fork_return;

if (write(STDOUT_FILENO, buf, sizeof(buf)) != sizeof(buf)) {
perror(“write error”); exit(1);

}
printf("before fork\n"); /* we don't flush stdout */

if ( (fork_return = fork()) < 0) {
perror("fork error"); exit(1);

} else if (fork_return == 0) { /* child */

glob++; var++; /* modify variables */
} else

sleep(2); /* parent */
printf("pid = %d, glob = %d, var = %d\n", getpid(), glob, var);
exit(0);

'




Process creation (5/6)

s Practice 2: execution results

22 choiim@embedded4: ~/syspro/chaps
frien & i £

3

fchoiimBenbeddedd : ~/ svspro/chapss

jchoijm@embeddedd :~/syspro/chap5% wvi fork test2.c
lochoiijmEenbeddedd : ~/ syspro/chapss
choijm@embedded4:~/syspro/chap5$% goc —o fork test2 fork test2.c

lchoijm@embeddedd: ~/syspro/chapS$ ./fork test2

a write to =stdout

before fork

jpid = 15555, glob = 7, war = 89
ipid = 15554, glob = &, wvar = &8

lochoiijmEenbeddedd : ~/syspro/chapss

lchoijm@embedded4:~/syspro/chap5$ ./fork test2 &
[1] A5557T

choijm@enbeddedd: ~/syspro/chapt$ a write to stdout
before fork

pid = 15558, glob = 7, war = 883

choijmEenbeddedd : ~/syspro/chap5s ps

PID TTY TIME CMD
115085 pts,S1 Q00:00:00 bash
15557 pesS1 QD:00:00 fork test2
115558 prcs,S1 00:00:00 fork testl <defunct>
15558 pra/s1 00:00:00 p=

lchoijmEembeddedd : ~/ syspro/chap5s8 pid = 15557, globh = &, war = 88

11+ =5 ./fork test2
lochoijmiEenbeddedd : ~/ syspro/chapss
lchoijmlembeddedd : ~/ sysprofchap5s ps

PID TTY TIME CHD

l1z085 pras1
115560 pta/1

Q0:00:00 kbash
00:00:00 p=

lchoijmBembeddedsd :~/syspro/chapss ||




Process creation (6/6)

s System’s viewpoint of fork()

memory | glob, buf

parent process
/] task_struct :
glob++; var++
pid = 15554 Ctext_ Dolpb++ var
memogifor:
var, pid
stack
child proc glob. buf
/] task_stpgct
memaory-
TG
= address : protection barrier var, pid
= We can exploit “COW(Copy_on_Write)” for enhancing performance
= We do not consider “Paging” in this slide. IS v SPrROS)

S

9



Process execution (1/7)

= execve() system call

v Execute a new program
» Replace the current process’s memory image (text, data, stack) with new

binary
v Six interfaces execlp execl execle
Build argv Build argv Build argv
. PATH prefix Environment
execvp » execv » execve
Syntax
int execlp(const char *binary_name (via PATH), const char *arg0, ..., const char argn,
(char *) 0);

int execvp(const char *binary_name (via PATH), char *const argv| ]);
int execl(const char *binary_name, const char *arg0, ..., const char *argn, (char *) 0);
int execv(const char *binary_name, char *const argv| ]);

int execle(const char *binary_name, const char *arg0, ..., const char *argn, (char *) 0, char
*const envpl[ ]);

int execve(const char *binary_name, char *const argv| ], char *const envp| ]);

= SE~OG]
[

10



Process execution (2/7)

s Practice 3: executing a new program (binary)

/* execl_test.c: execute a hello program, Sept. 27, choijm@dku.edu */
#include <unistd.h>

#include <stdio.h>

#include  <stdlib.h>

int main(int argc, char *argv[]) What does this comment mean?

{

pid_t fork_return, d_pid; int exit_status =-1;

if ((fork_return = fork()) == -1) {
// fork error handling

} else if (fork_return == 0) {
execl("./hello", "./hello", (c
printf(" Child.. I'm here
// if execl() succeeds;the above printf() is not executed!!
exit(1);

} else { // parent
d_pid = wait(&exit_status);
printf("Parent.. ’'m here\n");
printf("exit status of process %d is %d\n", d_pid, exit_status);

11



Process execution (3/7)

s Practice 3: execution results

[choijm@localhost chap5]$

[choijm@localhost chap5]% more hello.c
#include <stdio.h>
#include <stdlib.h>

[choijm@localhost chap5]$
[choijm@localhost chap5]$ gec -o hello hello.c

[choijm@localhost chaps
[choijm@localhost Chap5]$ ./hello >
Hello World

[choiim@localhost chap5]$
[choijm@localhost chap5]$
[choijm@localhost chap5]% geoc -o execl test execl test.c
[choiim@localhost chap5]$

[choijm@localhost ch
| [choijm@localhost ChapS]é ./execl test :::::::::::::)
Hello World

Parent.. I'm here
exit status of task 25150 iz 0
[choijm@localhost chap5]é
[choijm@localhost chap5]$ ps
PID TITY TIME CHD
24693 pts/0 00:00:00 bash
25152 pta/o 00:00:00 ps
[choijm@localhost chap5]$
[choijm@localhost chap5]$ l

main()
{

printf ("Hello World\n"):
exitc(0);

| [choijm@localhost chapS5]$

[choijm@localhost chap5]$

ichoijm@localhost chap5]$ more execl test.c

{* execl test.c: hello -3 9"@ ZT‘Q. choijm@diu.edu */
#include <unistd.h>

#include <stdio.h>

#include <stdlib.h>

int main(int argc, char *argv[])
{
pid t pid, d pid; int exit status = -1;

if ((pid = fork({)) == -1) {
/{ fork error j%E]
} else if (pid == 0) { [/ child

execl("./hello", "./hello", (char *)0):
printf ("Child.. I'm here\n"):
[l execl AFY AF 971 7988 T S
exit(1);
}oelze | // parent
d pid = wait(sexit status);
printf("Parent.. I'm here\n"):
printf("exit status of task %d is %d\n", d pid, exit status):

e

1

¥
[choijm@localhost chap5]$ l




Process execution (4/7)

s System’s viewpoint of execve()
v Replace memory image (text, data, stack) with new one
v The role of loader discussed in LN_chapter 1 }

emor printf("Child..
process y I'm hereWn");

pid = 25150

> hello
\\ﬁeader

></ text
/ — data
Saitexi i RS

~

L stack == env., args.,
T \Linitial stack,
| .

13




Process executio

n (5/7)

s Practice 4: parameter passing to main() via shell

{

#include <stdio.h>
int main(int argc, char *ar

inti;
for (i=0; argvli]; i4+)

for (i=0; envpli]; i++)

/* execl_test2.c: printing argv[] and env[], Sept. 27, choiim@dku.edu */

r *envpl])

printf{“arg %d = %s\n”, i, argv[il);

);

printf(“env %d = %s\n”, i, envp

o[ ]
umr-E—DD ——l-|n|E||:|h||:-|'-.5
1 ——|nle]1]1]o]|w]
1 ——-lul:l.rl_ldlin

3 NULL
hallo world

Figura &-d: Yalves of arge and angy for the command mecho

:ﬁ%kﬁnmn@eﬁbﬂ&kﬂi;J%mmnk:qtﬁ

/_

choijmBembeddedd : ~/syspro/s/ chapS$s
choijm@embeddedd -~/ sysproSchapS5% wi execl test2Zlic
choijmBembeddedd - ~ M sysproS chap5s
choijmEembeddeaedd : ~/syspro/chaps5% goco —o exNc e =

execl TestZ.oc

ASO0O0D006—149443663425 . 232313

choijmBembeddedd - —/ syspros chope-s

chicd JInsenbhredadeda = —F Sy S Y O RSy = execl TeES 3 456878 hii DEO
arg O -Sexecl Test2

BT A 123

fllarg 2 =— 45672

flarg 2 = hi

flarg 4 = DEIO

enw O = CPLUOS THCLUDE POTH— Y usr/incliuades/i386—-1imualk—gria
fllenw 1 = TERM=—xtCcerm

llenw 2 — SHELL-—/bin/sbash

enw I = XDiE SESSION COOEIE—aS4d4abS5317ilceg938ZE8E6E893e

—F1 0125375

enw 4 = S55H CLIENT=220.14949.23&6.2318 55483 22 4/

= s = L InpBnbRyY DPATH—Vu=r/lilh/ i 386 1 dnaazc_onig

enw & — SS5SH TITI¥Vy—/dew/pt=,/1

emnmw 7T = TSER=—choi jm

llenw &8 =

31 ™ _sar=01 ;31 % rar=0O0l:, 33 =%

LS COoOORS=rs—0:di—01l:;34: 1n—01 ;36 mn—00:pi—4340:;33 1 5o0o—0L1 ;35 :1do—01 735 1 bd=—
N0 33,0l tcd=—a40-,33 00 L cor—40:,3F1 00l i sa—3 7,4l i sg—=30:43 tca—30:;,4941 ttw—30 42 tow—34 - 42
tse=—3T ;44 tex—01 ;32 % ccar—01 ;31 v . bEgE—0dl s3Il v L arj—oils,3l v ccam—01 31 % A =h=—01:-3
A - . dl=ma—01 ;31 :* 1= 017s;31 :* . cex=—017;3F1 :* . =2ip—01l ;31 :* . =2—0A1 s3FA :* . Z=01 731 : * .. d==—0
133 o . g=—01 31 0% 1l=—01 73] :™ . x=—031 7,31 :* . b=2=—01 -3 =
ZX2=—0A1 ;3L %  E=—01:;31 % delb—0L1 ;31 % crxpm— Ol s3] 0% Jar-—0Lls,3A % (war—Ol o3l % cearr—0311s

s =013 ™ _Ch==01;3F1 :* . T

came=01 ,3F] :* . moo0o—0l s3] . oppd o003 % O FT==—01 o33 ™.,

flr=—01 31 :* . Jpg—0l ;35 :* . Jpeg—0l ;35 :* . gidif—=01 ;35 :* _ bomgr—0O01 ;35 :* . phm—O01 ;35 @ *~ . pgme—0O
N - 35St .ppmm— Ol o35St . bga—01l 35 " . xbm— 01 o35t * . xpm— 0l o35 . edFf=01 ;35" . ed FF=031 ;35
L png—0O1 ;35S L swg—DAl o35t . swgE2—0l o35St * i mnmg—01 ;35S * . ppex—01 ;35S Y imeow— 031 o351 om

Sl g— 01 ;35 * _mpeg—O01l ;35 % mPdeuv—01 ;35 : % _ mEwv—01 ;35: % _webm—Ol :;35: % . ogm—O01 ;35 % _mped

Ol ;35 :* . mdwv—01 ;35 :* .impdw—01 ;35 : %  wob—0O1::35: % . ge—=01:;35:*  nuw—O01 ;35 : % (wmw—01 ;35

=
=% _aasfFf=0131 35 % rm—031 35 % crmuwbh=—01 35 % _Flo—=01:,35:% _awi—01:,35:% _ FI13=031 35" _F£FA - _



Process execution (6/7)

s Practice 5: parameter passing to main() via execle()

/* execle_test3.c: parameter passing, Sept. 27, choijm@dku.edu */
#include <sys/types.h>

#include <unistd.h>

#include <stdio.h>

#include <wait.h>

int main(int argc, char *argv[])
{
pid_t fork_return, d_pid; int exit_status;
char *const myenv[] = {"sys programming", "is", "fun", (char *)0};

if ((fork_return = fork()) == -1) {
// fork error handling
} else if (fork_return==0){ // child
execle("./execl_test2", "./execl_test2", “Hi", “DKU", (char *)0, myenv);
printf("Child.. I’'m here\n");
// if execl succeeds, this printf() is not carried out!!
} else { // parent
d_pid = wait(&exit_status);
printf(“exit pid = %d with status = %d\n", d_pid, WEXITSTATUS(exit_status));
}
}

15



Process execution (7/7)

Practice 5: execution results

//’__

Ef choijm@embedded: ~/syspro18/chaps X
choijm@embedded:~/sysprol8/chaps$ gcocc -o execle test3 execle test3.c ~
Thoi miemretded 7 eysprro sy chapss
choijmBenbedded: ~/aysprold/chapss .fexecle_tesgg\
arg 0 = ./execl test2
arg 1 = Hi
arg 2 = DEU
env 0 = sys programming
env 1 = is
env 2 = fun
exit pid = 31727 with status = 0
choiim@enbedded:~/svsprol8/chapss
choijm@embedded:~/sysprol8/chap5s more execle test3.c
/* execle test3.c: parameter passing, Sept. 27, choijm@dku.edu */

#include <ays/types.h>
#include cunistd.h>
#include <stdio.h>
#include cwait.h>
int main(int argc, char *argv[])
i
pid t pid, d pid; int exit status;
char *const myenv[] = {"ays programming™, "is", "fun"™, (char *)}0};:
if ((pid = fork()) = -1} {
// fork error handling
} elge if (pid = 0) { ff child
Execle(".fexecl_tESEZ", ".fexecl_testz“, PHi"™, "DEU"™, (char *)0, nmyenv);
printf({"Child.. I'm hers\n")};
Fif Aif execl succeeds, this printf() is not carried out!!
P else | !/ parent
d pid = wait(&exit status);
printf("exit pid = %d with status = %d\n", d pid, WEXITSTATUS (exit status));
} W
16 >




Binary format (1/2)

s ELF (Executable Linking Format)

Sections <

ELF header

JLext

Todata

.data

.bss

.symtab

.rel.text

.rel.data

.debug

.line

Describes %
object file {

sections

Fig. 7.3 Typical ELF relocatable object file

.Strtab

Section header table

0 0

Maps contiguous file
~ i T
sections to runtime <
memaory segments -

Describes .
object file 1
sections

(Source: CSAPP)

ELF header

Segment header table

.init

text

.rodata

.data

.bss

.symtab

.debug

Jdine

.strtab

Section header table

Read-only memory segment
" (code segment)

Read/write memory segment
J (data segment)

Symbol table and
» debugging info are not
loaded into memory

Fig. 7.11 Typical ELF executable object file

= Why we separate data into two sub-regions (initialized data and bss‘?

17
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Binary format (2/2)

s Real view in Linux

£ choijm
choijm@system02:~/syspro/chap5$ vi test.c
choijm@system02:~/syspro/chapss 1ls

test.c

choijm@system02:~/syspro/chaps5 more test.c
#include <stdio.h>

02: ~/syepro/chaps

int a = 10;
int b = 20;
int ¢;
int main()
{
c=a +b;

printf("C = %d\n", c};
}

choijm@system02:~/syspro/chapss
choijm@system02:~/syspro/chap5$ gcc -5 -m32 test.c
choijm@system02:~/syspro/chapss 1s

test.c test.s
choijm@system02:~/syspro/chaps
choijm@system0d2:~/syspro/chapss gcc -c -m32 test.c
choijm@system02:~/syspro/fhapss 1s

test.c test.o test.s
choijm@system0d2:~/sysproXchapss

choijm@system02:~/syspro/Napss cbjdump -h test.o

CONTENTS, ALLOC, LORD, \DATA
2 .bss 00000000 00000000 000pO0O0CO 000000BO
RLLOC

Q0000008 Q0000000 00000000 Q0000080
CONTENTS, ALLOC, LOAD, /READONLY, DATA

CONTENTS, READONLY

Size VMR MR File off
0 .text 00000043 00000000 0000000 00000034
CONTENTS, ALLOC, L RELOC, READONLY,
1 .data goooQo0oos 00000000 O0OO0NO00000 00000078

4 .note.GNU-stack 00000000 00000000 /00000000 000000G8

5 .comment 0000002a 00000000/ 00000000 00000088
CONTENTS,
choyjm@system02: ~/syspro/chapss-W
19:35: 36 days, 7 1 user, lcad average: 0.00,

Algn
2%%(
CODE
2352

23%0

2%%()

2%%[

2*%()

0.0z,
PCPU WHAT

I @ choij m@systemw ~f5y5pr0.’chap5

choijm@system02:~/syspro/chapss more test.s

.file "test.c"
.gqlobl a
.data
.align 4
.type a, Robject
.5ize a, 4
ac:
.long 10
.globl b
.align 4
.type b, Bobject
.5ize b, 4
b:
<long 20
.section
. LCO
ing "C =
.text
.globl main
.type main, @function
main:
pushl  %ebp
movl %esp, %ebp
subl $8, %esp
andl $-16, %esp
movl 50, %eax
addl 515, %eax
addl 515, %eax
shrl 54, %eax
5all 54, %eax
subl teax, %esp
movl b, %eax
addl a, %eax
movl teax, c
movl c, %teax
movl teax, 4(%esp)
movl $.LCO, (%esp)
call printf
leave
ret
.5ize main, .-main
. COfmm c,4,4
.section .note.GNU-stack, "", Bprogbits

.ddent

choiin pia/s 21680, nge;i’fr o other: oocmmandmwhﬂasm?éﬁgdeﬁﬂ?f;éﬁamgfz‘é B

choijm@system02:~/syspro/c




Shell (1/5)

s Command interpreter
v Execute commands requested by users
s Basic logic
v display prompt, input parsing
v for external commands: do fork() and execve() at child process
v for internal commands: perform in shell without fork() and execve()

s Advanced functions
v Background processing
v Redirection
v Pipe (fork twice)
v Shell script

input/parsing

fork

E# choijm@embedded: ~/programming — O 4
choijmBembedded: ~5 1s ~ execve
examples.desktop muasic pProgramming README sysprolb T proceSSIng

choijmfenbedded: ~5
choijmBembedded: ~5 cat RELDME
About this machine
choijm@embedded: ~5
choijmiembedded: ~% cd programming
choijmiembedded: ~/programmings

choijmiembedded: ~/programmings 1s
hello backup.c hello.c RELDME EELDME new 1 Wa|t|ng _

::hclijm@embedaed:~..-"p:|:clgramming$ goco hello.c
choijmfenbedded: ~/programmings l w |

processing




Shell (2/5)

s Sample example

h

h

3

int main() {

/* Simple shell, Kyoungmoon Sun(msg2me@msn.com), */
/* Dankook Univ. Embedded System Lab. 2008/7/2 */
#include <unistd.h>

bool cmd_help( int argc, char* argv[]) {

int tokenize( char* buf, char* delims, char* tokens[], i

tokens[0] = “cat” \
tokens[1] = “alphabet.txt”
or
tokens[0] = “gcc”
tokens[1] = “-0"
nst5>}L(ens[2] = “hello”

tokens[3] = “hello.c” /
token = strtok( buf, delims );

while( token !'= NULL && token_count < maxTokens ) {

h

bool run( char* line ) {

token_count = tokenize( line, delims, tokens, sizeof( tokens ) / sizeof( char* ) );
// handling internal command such as cd, stty and exit
// handling redirection, pipe and background processing
if( (child = fork()) == 0){
execvp( tokens[ 0], tokens );
by

wait (); .. [ same as execlp(“cat”, “cat”, “alphabet.txt”, (char *)0);
char line[1024];
while(1) { $ cat alphabet.txt

printf( "%s $ ", get_current_ d|r name() ); or

fgets( line, sizeof( line ) - 1,

if( run( line ) == false ) break; $ gcc —o hello hello.c




Shell (3/5)

s Execution example

& choijm@localhosti~/syspro_examples/chaph

[choijm@localhost chap5l% Is ]
examnl . c exec| _test.c exec| _test3 fork_test. c hello

examl .o exec| _test? execl_test3.c fork_ftest? hello.c

exec| _test execl|l_testZ.c fork_test fork_testZ.c mvsh.c

[choijm®local host chapbl§
[choiim@local host chapbl% gacc —o mwsh mysh. o

[choijm@local host cha S
[choiimni@local host chﬁggiE:;fmysh :::::::>

fhomefchoiinfsyvspro_exanples/chaps §

Jhonefchoiin/svepro_exanples/chaps § I=s

examl . c gxec| _test.c exec| _test3 fork_test. c hello mvsh, c
examl . o exec| _test? exec| _test3.c fork_test? hella, c

exec| _test execl|_testZ. c fork_test fork_testZ.c mvsh

i==1

Jhomefchoijinf/svspro_exanples/chaps
fhomefchoiinfsyspro_exanples/chaps §
fhomefchoiinfsyvspro_exanples/chaps §
Jhomefchoijin/syspro_exanples/chaps §
Hello World

fhomefchoiinfsyspro_exanples/chaps §
Fhomefchoijmn/svspro_exanples/chaps § help

frerrrrrrrrrrreaSinple She| | +++strrsrerreraaf
You can use it just as the conventional shell

gce —o hello hello,c

dhello

Some exanples of the built-in commands

cd » change directory
exit Coexrit this shell
auit Coguit this shell
help v show this help
7 show this help

ll:ll********************************************H
Jhomefchoijin/syspro_exanples/chaph §

fhone/choijn/syspro_exanplesgehaps § ps :::::::>

FID TTY TIME CMD
307 ptsil oo0:00:00 ps
J2h6E pts/l go:oo: 00 bash
J2765 pts/l oo:0o:00 mysh

fhomefchoiinfsyvspro_exanples/chapS §

fhomefchoiin/syspro_exanp|esichaps § exit >

[choiim@localh P
[choijm@local bap51% ps
FID TTY TIH

308 ptsii go:oo0:00 ps

E— 2568 pts/1  00:00:00 bash F |S, gce, ps: external vs. cd, help, %itm

[choijm@localhost chap5]% B




Shell (4/5)

s Background processing
v both shell and command run concurrently
v how to: do not use wait()

s Redirection

v read/write data from/to file instead of STDIN/STDOUT

v how to: replace STDIN/STDOUT with file’s fd using dup2() before execve()
(=>» refer to LN3)

= pipe
v create two processes and make them communicate via pipe
v how to: replace STDIN/STDOUT with fd[O]/fd[1] using pipe() and dup2()
before execve() TR —re

-

[choijm@localhost chapB]a cat alphabet.txt

abocdefghijklmnopgrstuvwit=z

[choijm@localhost chap3]$

[choijm@localhost chap3]% cat alphabet.txt > alph 1albet new.txt

[choijm@localhost chap3]$

[choijmflocalhost chap3]$ cat alphabet.txt | wc
i i 27

[choijmBElocalhost chap3]$

[choijmBlocalhost chap3]f wc alphabet.txt

I i 27 aliphabet.txt

[choijmBElocalhost chap3]1$

[choijmBlocalhost chap3]%




Shell (5/5)

= pipe() example

v One of IPC (Inter Process Communication) mechanisms

E@ choijm@embedded: ~/syspro18/chaps £ O >
choijm@embedded: ~/sysproli8/chapssé vi pipe exam.cC
choijmBenbedded: ~/sysproli/chapss
choijm@embedded: ~/sysprol8/chapS$ cat pipe exam.cC
f* Pipe example by J. Choi, choijm@dankook.ac.kr */
#include <unistd.h>
#include <stdio.h> SETan 5T
int main() fode
; FA[0] Fd[L] fd[0] Fd[L]
int £d[2]:
char bufc[l6], bufp[l&]:
int: read size = 02
pipe (£d) : SY meed to handle if exceptions occur L _
if {(fork() == 0} { — —_—
write (fd[1], "Thank wou™, 10}
sleep(l): kernel

read size = read(fd[0], bufc, 1&}):
bufc[read size] = "\0':

printf ("= by pid d\wn", bufc, getpid()):
exit (0} :

Loyt

else {
read size = read(fd[0], bufp, 1&}:
bufp[read size] = "NO';

printf ("%¥= by pid £d\Wn", bufp, getpid()):
write (fd[1], "My pleasure™, 12}):

wait () »

close (£fdAd[0]):; close{fd[1]1):

[

choijm@embedded: ~/sysprol8/chapsS$ goc —o pipe exam pipe eXam.o
choijmBembedded: ~/sysprol8/chapsSs ./pipe exam

Thank vou by pid B38

My pleasure by pid 8335

choijm@enbedded: ~/sysproli/chapss . 21




Advanced Process Programming (1/10)

= Until now
v We have learned about the fork() and execve()
v We can create multiple processes and run multiple programs

s From now on

v Advanced process related system calls
» signal, nice, gettimeofday, ptrace

v Multiple processes raise several issues
» Scheduling and Context switch
= Memory management (memory sharing/protection)
IPC (Inter Process Communication)
Race condition and Synchronization
thread

24



Advanced Process Programming (2/10)

s Process-related system calls

v Advanced

= signal(), kill(), alarm() : signal handling such as register a signal handler
(signal catch function) and signal delivery

= sleep(), pause() : block for a certain period or until receiving a signal
» nice(), getpriority(), setpriority() : control process priority

» sched setscheduler(), sched getscheduler(), sched setparam(),
sched_getparam() : control process scheduling policy and parameters

» times(), gettimeofday() : get timing information of a process and get the
current time

= ptrace() : allow a process to control the execution of other processes

Main program

start of program }§
1

= -
E Kernel calls signal .
i | handler on behalf Signal handler
= i = o
Drelivery ¥ = fp 'i
o’ sigmal i "_;} L’::ﬂ'\, t -
= = - i | -;.s)
1 - - i - =
— L - 1 = .
L ™ J msin ulc.t__l]u!': rre i - ¥ Code of
L P 1 1o H
vt m+f B e ; signal handle
'y ey - 1 . = -,
i xj_l_,.-' oy : is executed
¥ Program ZH—— :
SSUIITNES Al ==1._ 1 Tefurr
(] H - 5
H point of inter ruption

Figure 20-1: Signal delivery and hcnd|?5xecution (Source: LPI)



Advanced Process Programming (3/10)

s Process-related system calls
v File descriptor after fork()

a) Descriptors and open Farent file descriptors Open file able
file table entries | clasewrn-exes fTag ) {file offeet, stafus fTags)
before fork)

descrhptor x

descripior
I - OFT entry w

//

OFT eniry m

b) Desariptors after Parent file descriprors Opeen file mhle
o)

== descriptor x

-4 descriptor v OF T emiry m

I.:'rr.-."‘l-r'll'.-\.l'-.lT.l. !‘-"
v falicexferd :".. Child file desoript
|

\X/

ira efcilad 3 .
Ll =) descriptor x OFT ety n
Tl descriptor y
) After closing unnsed Parcnt File descriptors Open fle able
desoriptors i parent — :
() and child (=) descriptor x

/

descripor y OFT crtry m

Childd file desoriptors

descripior x OFT enwryn

\

descriptor ¥

Figure 24-2: Duplicafion of file descriptors during fork( ), and closing of unused descriptors

26 (Source: LPI)



Advanced Process Programming (4/10)

s Race condition

#include <sys/types.h>
#include <unistd.h>

static void charatatime(char *str) {
int i;

for (; *str; str++) {
for (i=0; i<1000; i++);
write(STDOUT_FILENO, str, 1);
}

int main(void) {
pid_t pid;

if ( (pid = fork()) < 0) {
perror("fork");
exit(1);
} else if (pid == 0) {
charatatime("output from child\n");
} else {
charatatime("output from parent\n");

}

% Concurrency, Shared resource, |

2-f

/* Race condition example by choijm. From Advanced Programming in UNIX Env.*/

5 chojjm@embeddedd -/

ﬂchoijm@embedded&:~fsysprofchap5$
llchoijm@enbedded4; ~/syspro/chapsé !vi

vi race cond.c

|choijm@embedded4 : ~/syspro/chapsé

choijm@embedded4 :~/syspro/chap5% goc -o race cond race cond.c
choijm@enbedded4:~/svspro/chapss

choijm@enbedded4: ~;’5yspro;’ch
output from parent

output fromchoiim@embedded4:~/syspro/chap5% child

choijm@enbedded4:~/syspro/chap5s
choijm@enbedded4:~/syspro/chaRi$é ./race cond

ouotuptuptu tf rformo mp acrheinltd

choijm@enbeddedd: ~/syspro/chapsé
choijm@enmbedded4: ~/svspro/chapsé
choijm@enbedded4:~/syspro/chapsé ./race cond

llouctuptuptu tf rformo mp acrheinltd

choijm@enmbedded4:~/svspro/chapsé
choijm@embedded4:~/syspra/chap5$ ./race_cond
oouuttppuutt ffrroomm cphairledn

T
choijm@enbedded4:~/syspro/chap5s

choijm@enbeddedd: ~/syspro/chapsé

choijm@enbedded4: ~/3yspm/cha
outpouutt pfurto mf rpoamr ecnhti

1d

choijm@enbeddedd: ~/syspro/chapsé
choijm@enbedded4:~/svspro/chapsé
choijm@enbedded4:~/syspro/chap5s l




Advanced Process Programming (5/10)

= WWhen two processes run concurrently

int glob1l, glob2;
main()

int m_locall, m_local2;
printf("process id = %d\n", getpid());

printf("main local: \n\t%p, \n\t%p\n", &m_locall, &m_local2);
printf("global: \n\t%p, \n\t%p\n", &glob2, &glob1);

/* virtual_address.c: printing memory address , Oct. 9, choijm@dku.edu */

{ < Virtual address

L]
1 @ choijm@msystemO2: ~ssysproschaps

o

Wh'le (1); choijmBsysteml2: ~/syspro/chap5$ vi wirtual address.c

choiijmBsystemi2: ~/syspro/chapss

} choijm@systeml2:~/syspro/chap55 gcc —o wirtual address
choijm@systemD2: ~/syspro/chaps5s

choijm@systemi2: ~/syspro/chapsSs ./virtual address &

[1] 324&0

choijmBsystemD2: ~/syspro/chapss process id = 32460

main local:

95 4 Dld4Z2a6ec,

U7 fffOI 668

Ox&00288,
Ox&00284

choijm@ [ —/sysprofchaps5s ./virtual address &
[2] 32465
process id = 32465

32035 pts/B 00z 00 A0
32460 prs/s/8 OOz 00(:1 wvirtual address
32465 prts/8 00z 00ND wirtual address
32468 pts/B8 00:00:00~ps B

—C““j’“@ﬂ'“em'”: - SUSPro/ CnED

virtual address.c

[de}



Advanced Process Programming (6/10)

s When two processes run concurrently (cont’)

physical
memory

Address space Address space
for Process A for Process B

= Please do not forget “killing the background process” after prev. ex?
29 '




Advanced Process Programming (7/10)

s [hread introduction

v Process
» Data: independent model
* Pros: 1) isolation, 2) easy to debug
= Cons: 1) slow, 2) need explicit IPC (Inter-process communication)

v Thread
» Data: shared model
* Pros: 1) sharing, 2) fast and use less memory
= Cons: 1) all threads are killed if a thread has a problem, 2) hard to debug

[Coam | [ e |

e | [ wes |

[Coam | [ e |

l registers ] I stack I

l registers ] I stack I

l registers ] I stack I

:

:

:

30

VS

| cata | | mnles |

I regislers n registers I registers II

[ stack ] [st&l::ﬁ ] [ stack ]

code

:

:

g._

| thread

(Source: https://www.toptal.com/rubylruby-concurrency-and-parallelism-a-practical-pri&

L

v~



Advanced Process Programming (8/10)

s Thread: programming example

// fork example

// by J. Choi (choijm@dku.edu)
#include <stdio.h>

#include <stdlib.h>

inta=10;

void *func()

{
a++;
printf("pid = %d\n", getpid());
}
int main()
{
int pid;
if ((pid = fork()) == 0) { //need exception handle
func();
exit(0);
}
wait();

printf("a = %d by pid = %d\n", a, getpid());

(JV)

// thread example
// by J. Choi (choijm@dku.edu)
#include <stdio.h>
#include <stdlib.h>

inta=10;

void *func()

{
a++;
printf(" pid = %d\n", getpid());
}
int main()
{

int p_thread,;

if ((pthread_create(&p_thread, NULL, func, (void
*)NULL)) < 0) {
exit(0);
}
pthread_join(p_thread, (void *)NULL);

printf("a = %d by pid = %d\n", a, getpidM'
}




Advanced Process Programming (9/10)

s Thread:. compile and execution

choijm@systemi2: ~/= ro/chaps — (| =
22 choij % ysp p

choijm@system02: ~/syspro/chap55 vi fork sharing test.c

choijm@systeml2:~/syspro/chap55% vi thread sharing test.c

choijm@systemd2: ~/syspro/chapss

choijm@system02: ~/syspro/chap55 gocc -m32 -o fork sharing test fork sharing test.c

choijm@system02:~/syspro/chaps5% gcc -m32 —o thread sharing test thread sharing test.c

Stmp/comrAFen.o: In function "‘main®:

thread sharing test.c: (.text+0x5e): undefined reference to ‘pthread create’

thread sharing test.c:{.text+0x81): undefined reference to “pthread join'

collect2: 1d returned 1 exit status

choijm@systeml2:~/syspro/chapss

choijm@system02:~/syspro/chap5% gcc -m32 -o thread sharing test thread sharing test.c -lpthread

choijm@system02:~/syspro/chapss
= -/fork sharing test

./thread sharing test

3 : cat thread sharing test.c
/7 thread example

S/ by J. Choi (choijmBdku.edu}

#include <stdio.h>

#include <stdlib.h>

int a = 10;

woid *func ()
{

at++;
printf{"pid = %d\n"™, getpid()):;
¥

int main()
{
int p thread;

if ({(pthread createl(&p thread, NULL, func, (void *}NULL}) < 0} {
exit(0);
}
pthread join({p thread, (wvoid *)NULL):
printfi{"a = %d by pid = %d\n", a, getpid()):
}

|chcijm@5y5tem02:~fsy5prcfchap5$ [ ]
-
32 N



Advanced Process Programming (10/10)

s Process structure with multiple threads
v Text, Data, Heap and multiple Stacks

Virtual memory address
(hesadecimmal )
CoxCO000000

ﬂig_n.n'. enTirnn

Stack for main thread

Stack for thread 3

Stack for thread 2

Sack for thread 1

Shared libraries,

Ox40000000 shared memory
TASE_NMAPPED BASE

=
[
=

Uninirialized daca (hss
Initalweed] clata

-a— (hread 3 executmg here

-— nuin thread executing here

Text [ program code .
{progr ! | -— thread 1 executing here

E:L{'L'L*;L-;E:LH vir tual addesses

OxDE048000 -— thread 2 executing here
OO0 000
Figure 29-1: Four threads executing in a process (Linux/x84-32) (Source: LPI) _
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Summary

s Understand how to create a process & execute a program
s Grasp the role and internals of shell

s Discuss issues on multitask
v IPC (Inter Process Communication)
v Race condition
v Virtual memory
v Differences between process and thread

= Homework 5: Make a shell (mysh)
1.1 Requirements
- implement basic logic (parsing, fork(), execve())
- using Makefile
- shows student’s ID and date (using whoami and date)
1.2 Bonus: implement redirection
1.3 Write a report
- 1) Introduction: What to do, How, ...
- 2) Design and Source code description
- 3) Execution Snapshots
- 4) Discussion: what you learn, issues, .
1.4 How to submit? Send 1) report and 2) source code to google form

1.5 Deadline: two weeks later ‘game tlme) _

—



Quiz for this Lecture

- QUiZ

v 1. After a program invokes three fork() calls, how many new
processes will result? (from LPI 24-1). Discuss what is the “fork
bomb attack™?

v 2. Why we separate the data segment into two parts, “data” and
“bss”?

v 3. Discuss the role the wait() system call using the terms of shared
resource, race condition and synchronization.

v 4. Each tab of a browser can be implemented either process or
thread. Which is better? Explain your own opinion.

i
.7 Exercises o —
21, Ater a program executes the following series of fork() calls, how many new -
processes ill result (assuming that none of the call fails -y s R I
e - R
mem memor € c me  o®w  126ms oMB/s  OMbps
fork); = : §on | = oo
€ G m .5MB OMB/s  OMbps
fork() = e j g -
fork(); folk{} : :j: Pow :ovnt(?zﬂlL) 0% iz:: OZB Z:Z:;
the child ) B3 ubuntu@) 0% _omB omB/s  OMbps s

35



Appendix 1

= Revisit “gdb”

@choijm@embedded: ~[syspro

int t cnt = 0
char *token, *delimiter = " \n";

token = strtok(line, delimiter);

i1le(token &6 t cnt < maxToken) {
tokens[t cnt+] = token;
token = strtok(NULL, delimiter);
}
tokens[t cnt] = "\0";
return € cot;

hool run(char *line) {
pid t pid; int 1, 3, fd, t cnts
bool t by = false;
char *tokens[10];

int tokenize(char *line , char *tokens[], int maxToken) {

fa choijm@embedded: ~/syspro

choijm@embedded: ~/syspro$ vi mysh.c
choijm@embedded:~/syspro$ gcc —-g —o mysh mysh.c
choijm@embedded: ~/syspro$ gdb mysh

GNU gdb (Ubuntu 7.11.1-0Oubuntul~16.5) 7.11.1
Copyright (C) 2016 Free Software Foundation,
License GPLv3+:
This is free software:
There is NO WARRANTY,
and "show warranty" for details.

This GDB was configured as "x86 64-linux—gnu”.
Type "show configuration”
For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

Inc.

Find the GDB manual and other documentation resources

<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help".

Type "apropos word" to search for commands related to
Reading symbols from mysh...done.

(gdb) br 27

Breakpoint 1 at 0x80486ec: file mysh.c, line 27.

(gdb) run

Starting program: /home/choijm/syspro/mysh
/home/choijm/syspro$ 1s -1

Breakpoint 1, run (line=0xffffd4b0 "1ls -1\n")
20 t cnt = tokenize(line, tokens,
(gdb) p line

S = OxEEFEdABO "ls —=1\n™

(gdb) p tokens[0]
52 = O0xd41Ffd <error:

GNU GPL wversion 3 or later <http://gnu
you are free to change and redi.
to the extent permitted by law.

for configuration details.

at mysh.
sizeof (

Cannot access memory at address 0x

(gdb) n
. ] : Y o ek 8 28 if(t cnt == 0) return true;
tﬁcnt ﬂokenlze(llne, tokens, sizeof(tokens) /sizeof (char ¥)); (gdb) p tokens[0]
1f(t cnt == 0) return true; $3 = Oxffffddb0 "1s"
1f (strcmp (tokens[0], "exit") == 0) return false; (gdb) p tokens[1]
h e . o $4 = Oxffffd4b3 "-1"
mysh.c" 72 lines --30%-- 21,10-13 (gdb) ]
[ I o B >
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Appendix 1

= Typical gdb commands

Comumeardd

Effect

Starting and stopping

guit
g i
kKill
Breakpoinis
break =wmm
break *OxS0485304
delesteae 1
dalata
Execution

=Etaepd
stepi 4
meExti
Comntimie
Fimish

Examining codc
di=as
di=sas Sum
disags OxBE02838T
disas OxE0283042 080453 ad
priot JS= Feip

Examining dala
print Fe=x
print Sfx f=ax
print St feax
primt Ol Gl
primt JSx GHEE
priont JSx {(Febp=B)l
print *={int *=} OxFfFfFFOTELO
priot ={int =% {F=abp=E)
= 2w OxEEFOT RO
=/ 20b sum

L=seful imformatiosn

info frame
imfo registers
el

Exit coe

Run vour program (give command lime arganmeesnts here )

SO WOUr pinoyeraEm

Set breakpoinl at entry Lo function aomwm
Set breakpoinl at address OxBO-28394
Delete breakpoint 1

Delete all breakpoints

Execuis one insirotion

Executs four nsiructions

Like atepi. bul proceed thirooeh furection calls
Resmmee e Xeoimtiom

REun until carrent funcltion returns

Disassemble current function

Dhisassamble fionction sum

Dhisassamble fonction around sddress OxS045397
Disassaemble code within specified sddress ranges
Frinl program counter in hex

Print contents of Xeax in decirmal
Print contents of Xeax in hex

Frint contenls of Keax in binary

Frini decimal representation of Oocl O]
Frint hex representation of 5335

Frint contents of Xebp plus & im hex
Frint integer al address Oxf £F£O078bd
Frint integer al address Lebp 4+ &

Examins two (4-byte ) words starting at address Oxf £ £07 Shd

Examing fArst 20 bytes of funciion siam

Informmation aboul current stack frame
“Walues of all the registers
Grel iimformation abool ol

Figure . 30 Example cos commands,. These examples ilustrate sorme of the ways cos

sypporrts debugging of machine-level prograrms.
(Source: CSAPP)
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Appendix 2

s Shell example in CSAPP

codefecfishellex.c

#include "csapp.h"

#define MAXARGE 128
3
4 /» Functiem prototypes */
i void eval{char #*cmdline);
& int parselime(char #buf, char #sargv);

int builtin_command(char #*argy);
9 int main()
w o

char codline[MAXLINE]; /# Command line s/
whila (1) {
4 /* Read »/
5 printf("» "};
- Fgets(cedline, MAXLINE, stdin);
17 if (feof(stdin})
g axit(0);
a
20 /% Evaiuate #/
2 eval (cndline) ;
19 }
3 ]
codefecfishellex.c

Figure .22 The maln routine for a simple shell program.

codelecfshellex.c

1 /% awval — Evaluate a command line #/f
2 void eval{char #cmdlinel
= £
4 char ®argv[MAXARGE] ; Arpgument list execvel) #/
5 char buf [MAXLINE] ; Holds modified command linc =/
6 int bg; Should the job rom in bg or Ig? =f
i pid_t pid; Process id */
o strcpy(buf, cmdlinel;
10 bg = parselina(buf, argv};
11 if (argvio]l == NULL)
12 raturn; % Ignore cmpty linas &/
14 if ('builtin command(argv}) {
5 if ({pid = Fork(})} = 0) { /#« Child run= mnsar job =/
16 if (execvelargw[0], argv, envirom) < 0) {
7 printf("¥s: Command not found.\n", argw[0])};
I8 exit{0)};
o T
20 }
21
22 /* Parent walts for foreground job to terminata */
23 if ('bg) {
24 int status;
75 if (waitpid(pid, &status, 0) < 0}
76 unix_erreor("waitfg: waitpid error");
27 3
I8 elsae
29 primtr("¥d ¥s", pid, cmdline);
10 }
31 reaturn;
32 E
34 /o If first arg is & builtin command, run it and return truoe =/
15 int builtin_command (char s&argwv)
16 i
37 if (!strcmpfargvi0l, "guit")) /+ guit command =/
18 axit(0);
19 if (!strcmpi{argvi0]l, "&")}) /% Ignore singleton & +/
40 raturn 1;
41 return 0; /% Hot & buniltin command =/

codefecfishellex.c

Figure 8,23 ewval: Evaluates the shell command line.
vV -
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Appendix 3

= Relation between execve() and main()

o 3%

FlQure a..7 |
L} -l - - -

Oxbfffffff

Typlcal organization of
the user stack when a
new program starts.

#include <umistd.h>

int execve(const char =filename, const char *argv(],
const char =envp[]);

Dioes not return if OK, returns —1 on error

int main{int argc, char =argv[], char *envp[l);

Oxbffffarc

environment varable strings

Mull-tarminated

-

Null-tarminated
command-ine arg strings

Unused

envp[n] ==NKULL

anvp[n—1]

envp[0] T

argv[argc]l ==NULL

argv [argc—1]

e

argy [0]

(Dynamic linker variables)

anvp

ATEV

AT

Stack frama for

main

(Source: CSAPP)
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Boitom of stack

environ

Top of stack




Appendix 4

s Binary format

v Real view in Linux with commands size and readelf

@chm m@LAPTOP LRSHOQBH: ~/Syspro/LN4

Hi~/Syspro/LNA$
“~/Syspro/LNAS more test.c

#|no|ude‘<s dio.h>

int a=10;
int o=20;
int ¢;
int main()
c=ath
printf("C = %dhn", ¢);
i~/Syspro/LN4$
[Syspro/LNAS gec -c test.c
/Syspro/LNAS
choljm H:~/Syspro/LN4S size test.o
text data 088 dec hex filename
164 a4 test.o

66 8 0
ho PTOP-LRBHOBH: ~/Syspro/LN4$
Syspro/LN4$ gce test.c

/
/

-~ /Syspro LN4S
H:~/Syspro/LNAS size a.out

T

‘dﬂav 088 dec hex filename
1595 €08 g 221 8a3 a.out
choi jmALAPTOP-LRSHOQBH: ~/Syspro/LN4$
chol | mELAPTOP-LASHOBH: ~/Syspro/LNAS objdump -h a.out
a.out: file format elf64-x86-64
Sections:
[dx Name Size VMA LNA File off Algn
0 .interp (0000001c  0000000000000318 0000000000000318 00000318  2#+0

CONTENTS, ALLOC, LOAD, READONLY, DATA

1 note.gnu. property 00000020 DO0DOCO0O0DC0338. Q0000000000338 00000338 2443
CONTENTS, ALLOG, LOAD, READONLY, DATA

2 .note.gnu.buiId-id 00000024 00000000000C0358 0000000000038 0000C358. 2442
COVTENTS, ALLOG, LOAD, READONLY, DATA

3 .note.ABI-tag 00000020 000C0D00O0O0037c_ 00000000D000037C. 000003Tc 2¢+2

COVTENTS, ALLOC, LOAD, READONLY, DATA

00000024._0000000000000320_0000000000000320 00000320 2++3

2 ALY

AT T TR i B L i B LS S

= == R — AN
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@choum@LAPTOP LRSHOQBH: ~/Syspro/LN4 = O x 1
choi jm@LAPTOP-LR! +:~/Syspro/LN4$ A~
dchoi | m@LAPTOP 1:~/Syspro/LN4$ readelf -a a.out .
:FLF Header: A
Magic: 7f 45 4¢c 46 02 01 01 00 00 00 00 OO0 QO OO0 Q0 0O
Class: ELFB4
Data: 2's complement, little endian
Version: 1 (current) L
0S/ABI : UNIX — System V ¢
ABI Version: 0 -
Type: DYN (Shared object file)
Machine: Advanced Micro Devices X86-64
Version: 0x1
Entry point address: 0x1060
Start of program headers: 64 (bytes into file)
Start of section headers: 14784 (bytes into file)
Flags: 0x0
Size of this header: 64 (bytes)
Size of program headers: 56 (bytes)
Number of program headers: 13
Size of section -headers: 84 (bytes)
Number of section headers: 31
Section header string table index: 30
Section Headers:
[Nr] Name Type Address Of fset
Size EntSize Flags Link Info Align
[ 0] NULL 0000000000000000 00000000
0000000000000000 0000000000000000 0 0 0
[ 1] .interp PROGBITS 0000000000000318 00000318
0000000000000010 0000000000000000 A 0 0 1
[ 2] .note.gnu.propert NOTE 0000000000000338 00000338
0000000000000020 0000000000000000 A 0 0 8
[ 3] .note.gnu.build-i NOTE 0000000000000358 00000358
0000000000000024 0000000000000000 A 0 0 4
[ 4] .note.ABl-tag NOTE 000000000000037¢c 0000037c
0000000000000020 0000000000000000 A 0 0 4
[ 5] .gnu.hash GNU_HASH 00000000000003a0 000003a0
0000000000000024 0000000000000000 A 6 0 8
[ 8] .dynsym DYNSYM 00000000000003c8 000003c8
00000000000000a8 0000000000000018 A T 1 8
[ 7J,;9¥ﬂ§tf“, _ .. STRTAB 0000000000000470 00000470 v
e}
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