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Objectives

Understand process-related system calls
earn how to create a new process
earn how to execute a new program
iscuss about shell (command interpreter

nderstand issues on multitas
v Synchronization, virtual address,

efer to Chapter 24, 27, 29 in
SAPP

thread, ...

the LPI and Chapter 8 in the

In this and the next three chapt
nates, and how a process can
creation. However, before dit
the main system ca
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PROCESS CREATION

we look at how a process is created znd termi-
cute a new program. Thiz chapte- covers pro
‘o that subject, we present a short oterview of
s covered in these four chapters

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

tem calls fork).
which we'll also

Took at. For mow, we provid an overiew of these four ystem call and horw ey
are ypically uzed together.

em call allows

2, the parent, to create a new proc
is done by making the rew child process an (almost) exact dupli-
cate of the parent: the child obtains copies of the parent’s stack, ata, heap,
and text segments (Section 6.5). The term fork derives from the fact that we can
@ as dividing to yield two copies of ielf,

‘The eoifsatis) library funcion terminates a process m.

g all resources

subsequent reallocation Ey th
determines the terminat
the parent can retrieve this o

27.1

27

PROGRAM EXECUTION

Thiz chapier follows from our diseussion of process ereation and termination in
the previous chapters. We now look at how @ process can use the execee() system call
0 replace the propram that it & runaing by a completely new program. We then
show how to imalement the sysem) fanction, which allows its caler to execute an
arbitsary shell command.

Executing a New Program: execve()

The exccoe() system call loads a ne program irto a prox emory. During this

aperation. the oid program is discarded, and the pracess’s tack, data, and heap are

rephiced by those of the new program. After executing vasiots C library runtime

starup cede and program initialization code (3., G+

functions declared with the e constructer attribute deseribed in Section 42.4), the

new program commences execution at its main) function.

xe()is in the child produced by fork(), although

s secitonally e i applicaions witbaut s precsdlisg k()

rary functions, all with names beginring with exer, are
ccve() aystem call. Each different interface

1o tho tam fantoraly. Thekeading o new program by anyof thee all s com-

monly referred to 3 an excc operation, or simply by the notation exc(: We begin

with 2 description of cxecee) and then e e brary fnctions

tic constructers or C

[29.1
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THREADS: INTRODUCTION

In nd the next few chapters, we describe POSIX threa often known as
Pthreads. We won': attempt to cover the entire Pthreads APL
Vari
chapter.

These chapters mainly describe the standard behavior specified for the
Khrears APL In Section 39, we dicuts those points where the two main Linux
threading implementat nuxThreads and Native POSIX Threads Library
(NPTL) F‘E\i:!e from the standard.

In this chapter, we provide an overview of the operation of threads, and then
are created and how they terminate. We conclude with a dis-
hat may influence the choice of a multithreadsd approach
pproach when desizning an application.

nce it is rather large.
ed at the end of this

aources of further information about threads are I

Overview

Like processes, threars are a mechanism that permits an application to perform
multiple tasks coneurrently. A single pro
trated in Figure 29-1. Al of these threads zre independently executiag the same
pre nd they all hare the same plobal memory, including the iniialized data,
unin ind heap segme: UNIX proc
case of a multithreaded proce: isa process it conte




Introduction

s Process-related system calls
v Basic

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

execve() : execute a new program (binary loading)
exit() : terminate a process, inform child status to parent

getpid() : get a process ID
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wait(), waitpid() : wait for a process’s termination (child or designated)



Process creation (1/6)

n fork() system call

v Make a new process whose memory image (text, data, ...) is the

same as the existing process

» EXxisting 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

D O2§ A
PID = 135

fork()

fork(<|
c|Egt =136

fork(<=|
c|Egt=0

Al 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>
#tinclude <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 nd child */
printf("Bye, my pid is %d\A", getpid());
}




Process creation (3/6)

s Practice 1: execution results

- S S
choijimienbeddedd:~/syapro/chapss
choijimienbeddedd :~/syspro/chapss 5
/* fork test.c example, Sept. 26,
l#include <sys/types.h>
fl#include <unistd.h>
fl#include <stdio.h>
#include <stdlib.h>

main ()
{
pid © pid;

printf("Hello, my pid is

if { f(pid = fork()) < O}

perror("fork errol

¥ else if (pid = 0} { /¥

printf("child: pid

¥ else { f* parent
wait():

printf("parent: I

S* Following line is exeo
printf ("Bye, my pid is %4

choiimBembeddedd:~/syapro/chap

Bye,

e

Sve,

choijm@sungmin-Samsung-DeskTop-5System:
choijm@sungmin-Samsung-DeskTop-5System:

choijm@sungmin-Samsung-DeskTop-5System:
Hello,
child: pid = 23788,

Mlparent:

| = | & | &

printf ("Hello, my pid is %d\n™, getpid()}):
if | (pid = fork(})) < 0} {
perror ("fork error™); exit(l);

} else if (pid = 0) { /f* child process */
printf ("child: pid = 3d, ppid = 3d\n",
} else { /* parent process */
wait ()
printf ("parent:

getpid(), getppid());

I created child with pid=3d\n", pid):

f* Following line is executed by both parent and child #*/
printf ("Bye, my pid is 3d\n", getpid(}):

~/ayspro/chapss

= AT =] S Yy
~fsysprofchapsé)|./fork test
my pid is 23798

ppid = 23788

my pid is 237885
I created child with pid=23795
my pid is 23798

[0S S LA T

pro/chapsé D

= oIl =1

¥3

~fsysprofchaps$ gocc —o fork test fork test




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

@f:ﬂlmijm@ﬂ?beddedﬁ: ~fsysorofchaps

s e Cl— 3
Echuijm@embedded&:~fsysprnfchap5$
ehoijmfembeddedd:~/syspro/chapté vi fork test2.c
lchoijim@embeddedd : ~/syspro/chapss

choijm@enbeddedd :~/sysprofchapnSé goc —o fork test2

ffchoijm@embedded4 : ~/syspro/chap5f . /fork testc2
ja write to stdout

lbefore fork

jpid:=-15%%8%, glob =7, war = 88

lpid = 15554, glob = &, var = B8
lchoijim@embeddedd : ~/syspro/chapss

} ot s @ s e dd et e .
choijmBembeddedd:~/syspro/chap5s . ffork test2 &
[ty isss7

choijm@embeddedd : ~/syspro/chap5s a write to stdout
before fork

pid-= 15558, glob =T, war — 898

choijmEenbeddedd :~/=sy=spro/chapss ps

PID TTY TIME CHD
15085 ptsSl1 00:00:00 bash
15557 ptsfl 00:00:00 fork test2
15558 ptsS1 00:00:00 fork test2 <defunct>
15559 pts/1 00:00:00 p=

choijm@enbeddedd : ~/=sysprofchap5% pid = 15557, glob

11+ 25 ./ fork test2
lchoiimEembeddedd : ~/syspro/chapss
lchoiim@embeddedd : ~/syspro/chapss p=s

PID TTY TIME CMMD
115085 prsf1 00:00:00 bash
115560 pr=/1 00:00:00 p=

lchoiim@embeddedd : ~/syspro/chapss D

fork_testz.c



Process creation (6/6)

s System’s viewpoint of fork()
memory | glob, buf

parent process

e

// task_struct .
pid = 15554 @lObH’ var
memoAfor
var, pid
stack
child proc glob. buf

// task_stpyct
pid = 15555
mem f

= address : protection barrier
= We can exploit “COW(Copy_on_Write)” for enhancing performance

- ider “Paging”.in this slide. ===
We do not consider “Pagi ,

\

]

var, pid




Quiz for 6"-Week 2M-Lesson

s Quiz

v 1. Discuss three key elements stored in the stack. Discuss “buffer
overflow attack” using these elements.

v 2. 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 Due: until 6 PM Friday of this week (15", October)

24,7 Exercises

241.  After a program esecutes the following series of fork() calls, how many new
processes will result (assuming that none of the calls fails)?

'FDIk”; memory memory
fork();
C
{DIk{ }; process the parent d
| fork{) >
the child

= Mid-term (10/25) and Zoom Q&A (10/19) schedules are announced!!

Please check ZX| A3t jn E-learning Campus. S

10 o



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 *filename, const char *arg0, ..., const char argn, (char *) 0);
int execvp(const char *filename, char *const argv| ]);

int execl(const char *pathname, const char *arg0, ..., const char *argn, (char *) 0);
int execv(const char *pathname, char *const argv] ]);

int execle(const char *pathname, const char *arg0, ..., const char *argn, (char *) 0,
char *const envp[ ]);

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

e i &
I

11



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;
exit(1);

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

he above printf() is not executed!!

12



Process execution (3/7)

s Practice 3: execution results

[choijm@localhost chap5lé

[choijm@localhost chap5]é more hello.c
#include <3tdioc.h>
#include <3tdlib.h>

main()
{

printf ("Hello Worldin");

}

exit(0);

|[chaijm@1ucalhust chaps]$
[choijm@localhost chap5l$
[choijm@localhost chap5]$é more execl test.c
/* execl _test.c:

#include
#include
#include

nello =8 | o8 27Y. choiimEdiu.edn */
<unistd.h>
<stdio.h>
<stdlib.h>

int main(int argc, char *argv[])

{

}

pid t pid, d pid; int exit status = -1;

if {(pid = fork()) == :1] i

// fork error

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

} else {

}

execl ("./hello”, "./hello®, (char *)0);
printf ("Child.. I'm here\n"):
/] execl BFYD BT 47l 78 7 ¥
exit (1),
// parent
d pid = wait (&exit status);
printf ("Parent.. I'm here\n");
printf("exit =tatus of task 3d is id\n", d pid, exit_status);

[choijm@localnost chap51$ l

P - - —

13

[choiim@localhost chaps]$
[choiim@localhost chap5]% gcocc -o hello hello.c

[choijm@localhost chaps
[choijm@localhost €haps1$ ./hello
Hello World

[choijm@localhost chap5]$
[choijm@localhost chaps]$
[choijm@localhost chap5]é gec -o execl teat execl test.c
[choijm@localhost chap5]é

[choijm@localhost chap
| [choijm@localnost Ghap5]$ ./execl test
Hello World

Parent.. I'm here
exit status of task 25150 iz 0
[choiim@localhost chaps]$
|[chaijm@10calhost chap5]% ps
PID TITY TIME CMD
24693 pts/0 00:00:00 bash
25152 pts/0 00:00:00 p=
[choijm@localhost chaps]$
[choijm@localhozt chaps)$d l

m

q

I_ S



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

Process

pid = 25150

memory

-

E———

14

printf("Child..
I’'m hereWn");

7N

\ hello
| header

><, text

— data

oooooo

.'// \\\‘ /J
. stack == env., args.,
e g \Linitial stack,



Process execution (5/7)

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

/* execl_test2.c: printing argv[] and env[], Sept. 27, choijm@dku.edu */
#include <stdio.h>
int main(int argc, char *arg

r *envpl])

int i o[ o[ F—I= 1w
for (i=0; argv[il; i#+) 1| —p—=[a]ef[1]1]a]w]
printf{“arg %d = %s\n”, i, axgvl[il); il e 23 K8 BN DR
for (i=0; envp[i]; i++) g s
printf(”env %d = %s\n", i, envp ); Figure &-4: Valves of arge and angy for the cf}mmund necho hello world

@ Chmjm@embedde&zl '.‘-}S_YEPTG}';: nans5

choijmEcembeddedd : ~/ sysprosSchapsSs
choijmEembeddedd : ~/ sysproschapS5S wi execl testcZl c
choijmEcecmbeddedd : ~/ sysprosSchapsSs
choijmEembeddedsd : ~/sysproschap5S goo —o exacl b sexecl test2.c
choijm@embedded&:~K5yspro}q§§p&g—___—*

(ool e e adaedT : ~F Sy S T O i —rexecl tesSo 3 4A4S567E8 hi DEOD
arg = JSexecl testd G;\\--_____¥ \

arg 1z=

arg AE5E6TE

arg hi

arg DEDD

CPLOS ITHNCLUDE PATH—/uasr/incluade/i38&6—I1imn
TERM—=xterm
SHELL—/bin/bash

WNEOBEOMNED

SSsH TrY—Js/dew/ptss/1
TSER=chodi jrm

emw B LS COLORS=xsSs=0:di=01:34:In=01:36:mh=00:pi=—4340:33 15300135 :do=01:35:bd=
GO, 33:;0Lcd=g40,33:;01 tor=40 .31 01l :su=37:9]l - =sg=—30,43 :ca=30,;494l - Tcw—30; 4242 o0w=34-932
rsEe=—3T7 44 iex— 0132 * . car—01 ;31 :* . £Eg=—01:3F1 :* . arj—01l:31l:*  cazz—01;31:* _ I1=h—031;3
A:* _ Jzmas—01;31 % £cl===—01;:;31 % tx==—01;3F1 %  zip—01;31 %  =Z2=021 ;31 % ZF=01 31 = * _d==0
A3 :* . gE—031,30 % . Jzz—01l 31 :* . x=—01:;30 :% . b=Z2=01 31 1% bz—031:31:*% . ch=—031:31 :*% .t
ZZ=01 ;31 :* =01 ;31 :* delb—01 ;31 1% _rrpm—01l ;31 1%  Jar—= 0131 :* war—01l 31 :* eaxr=—01;
Bl:*.sar—0l:;31l:* rar—0l:;31:* . ace—0l:;31l:* . . =2zo00—01l:;31 :* .cpio—01 ;33 :%* . T=—031 33 2%
rE=0l;31l::* Jpg—O01l;35:% Jpeg—0l;35:% _ _gif=0i1,;35:* bmp—0l1:;35:* _ pbm—01;35:* _ pgm—0O
As35:* . ppm—03 s 35 :* . Ega—01l:;35:* . ®"bm—01 ;35 :* . mpm—01 35 :* . cIiFfF—=01 ;35 :* . cifF—031 35
T Ppng=—031 35 :% _swvg—01l 35 :% _swvgE—01l:;3S5:* mng—01;35 % _ pCcx—01 35 % mow—01L35S % .m
Dog—0O0L 25 :* impeg—0Ll ;35 :* im2w—01 ;35 :* mEwv—01 35 :* . webm—031 35 * iogm— 01 > 35 @ F omp 33—
Dl:35:*.m4v=01:35:*.mpﬂv=01:35:*.vob=01:35:*.qt=01:35:*.nﬁv=01:35:*.wmv=01:35LJ
t* lasf=01l:,35 i . rm—01l o35t . rmvb=—01 ;35 ™ . Fl =01 35 " .avi=01l:;35:* . FIi=—01 35 :* . F1 =

15 o




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));
}
}

16



Process execution (7/7)

Practice 5: execution results

//’__

E# choijm@embedded: ~/syspro18/chaps

choijm@embedded: ~/sysprol8/chap58 gcc -o execle test3 execle test3.c

: . -
choiijm@embedded: ~/sysproli/chapss .fexecle_testEN

arg 0 = ./execl test2
arg 1 = Hi

arg 2 = DEU

env 0 = sys programming
env 1 = i=s

env 2 = fun

exit pid = 31727 with status = 0
choijm@embedded: ~/sysprol8/chapss A//
choijm@embedded: ~/sysprol8/chap58 more execle test3.c

/* execle test3.c: parameter passing, Sept. 27, choijmfdku.edu */

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

int main (int argc, char *argv[]}
{
pid t pid, d pid; int exit status;
char *const myenv[] = {"sys programming™, "is"™, "fun™, (char *)0}:

if ((pid = fork(}) = -1} {
S fork error handling
} else if (pid == 0} { S/ child
execle ("./execl test2", "./execl test2™, "Hi", "DKO", (char *)0, myenv);
printf("Child.. I'm here\n"):
ff if execl succeeds, this printf(} is not carried out!!
} else { S/ parent
d pid = wait (&exit status);
printf ("exit pid = %d with status = 3dwn", d pid, WEXITSTATUS (exit status)):

17
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Binary format (1/2)

s ELF (Executable Linking Format)

Sections <

ELF header

JLext

Todata

.data

.bas

.symtab

Trel . text

Tel.data

.debug

.line

Describes -

object file
sections

Fig. 7.3 Typical ELF relocatable object file

Btrtab

Section header table

0 0

Maps contiguous file
' H [
sections to runtime <
memory segments  *

Describes
object file 4
sections

(Source: CSAPP)

ELF header

Segment header table

.init

text

.rodata

.data

.bss

.symtab

.debug

.line

.strtab

Section header table

Read-only memory segment
" (code segment)

Read/write memory segment
(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‘?

18
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Binary format (2/2

s Real view in Linux

@ choijm@embedded: ~/sysproi8/chapi

choijm@embedded: ~/sysprols,/chapls
choijm@embedded: ~/sysprol8/chapls
#include <stdio.h>

wi test.c
more test.c

int. a = 10;
int b = 20;
int o}
main ()
i
(= SEC - B o 5 1
printf("c = d\n"™, c}:
}
choijm@embedded: ~/aysprolijefhapls goo -5 test.o
choijm@embedded: ~/sysprolf{/chaplsy gcc —c test.c

choijm@embedded: ~/sysprolsd objdump —h test.o

test.o: file format elf3Z2-i386

Size VMR LMA File off Algn
. Cext 0ODoo0043 oooo QDoOoD00O0 0DoOD0D034 2%%0
CONTENTS, C, LOoAD, RELOC, READONLY, COCDE
1 .data ODoOoO00O0s Dooo QDoOoD00O0 ODoOoO0OTE 2%®3
CONTENTS, AL , LOAD, DATA
2 .bss ODoOoo0O00 Qoo oo QDoOoD0O0O0 ODoODO0O80 2%%0
ALLOC
3 .rodata QODoo000s [slalsls]s syals} QDoOoD000 DDODO0O80 2%%0
CONMTENTS, ALLOJ, LOAD, READONLY, DATA
4 .note.GHNU-stack 00000000 ooooo0 QoODoo000 QODOOO0ES 2%%Q
CONTENTIS, RE MLY
5 .comment oOD0oo0023 QoDACOOD0 QDoo0000 00000088 2%%0
CONTENTS, ADONLY
iim@enbedded: ~/s3vsprols aplf more test.s

.file Ttest.

.globl a
i
.type a, Bobject
.Bize a, 4
T Jdong 10
e ﬂgbgRefer to other commands sueh

B chojm@embedded: ~/syspro18/chapl

choijmfembedded: ~/sysprolg/chapls more test.s

.File "tesh.c™
globl a
.data
.align 4
.type a, @okject
.Size a, 42
a:
- long 10
.glokl b
.align 4
.tyvpe bk, Bocbiject
.Size B, 4
bz
- long 20
.section .rodata
.LCOD:
.8tring "o = d\n"
.Text
.globl main
.tyvpe main, @function
main:
pushl Zebp
mowvl Fesp, %cbp
subl 2B, %esp
andl 5-16, %esp
mowvl 20, %Teax
addl 515, %eax
addl 515, Zeax
shrl 24, Zeax
=sall 24, Teax
subl Zeax, %esp
mowvl b, %Teax
addl a, Eeax
movl Feax, C
mowvl c, %eax
mowvl Eeax, 4 (%esp)
movl S.LCO, (%esp)
call printf
leave
ret
.SizFe main, .-main

as rei&alﬁca“iﬁd Siz&m—stack,"",@pragbits

.ident "GCC: (GNU) 3.4.6 (Debian 3.4.6-5)"




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

@ cheijm@embedded: ~/programming — O =

choijm@embedded:~5 1s ~ DI'OCGSSII’]Q execve
examples.desktop music programming README sysproli T

choijmf@embedded: ~5 .
choijm@enbedded: ~% cat README processing
About this machine
choijm@embedded: ~5

choijm@embedded:~5 cd programming
choijm@embedded: ~/programmings
choijm@embedded: ~/programmings 1s
hello backup.c hello.c RELDME RELDME new " Wa|t|ng _
choijmf@embedded: ~/programmings gcc hello.c

choijm@embedded: ~/programmings . w |




Shell (2/5)

s Sample example

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

tokens[0] = “cat” \
tokens[1] = “alphabet.txt”
or

tokens[0] = “gcc”
tokens[1] = “-0"
ng:ﬂ(ens[Z] = “hello”

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

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

¥
b

bool run( char* line ) {

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

}

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

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 );
}

) wait (); ... [ same as execlp(“cat”, “cat”, “alphabet.txt”, (char *)0);
int main() {
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

£ cholim@localhost:~syspro_examples/chaph

[choiim@local host chapGld Is

examnl . ¢ exec| _test.c exec| _test3 fork_test.c hello
examl .o exec| _test? exec|_test3. ¢ fork_test? hella.c
exec| _test execl_testZ.c fork_test fork_testZ.c mysh.c

[choiim@local host chapGl§
[choiim@local host chapbl$ gcc —o mysh mysh. c

[choijm@local host cha

[choijin@local host chﬁggi§::Ehysh i:::::::>
fhomefchoiin/svspro_exanples/chaps §
Fhomefchoijmn/syspro_exanples/chaps § Is

examl . c exec| _test . c exec| _test3 fork_test. c hella
examl .o exec| _test? exec| _test3d.c fork_test? hello.c
exec|_test execl_testZ.c fork_test fork_testZ.c nysh

=

Fhomnefchoiinfsvspro_examnples/chapb
Fhonefchoiinfsvspro_exanpl es/chaps §
fhomefchoiin/svspro_exanples/chaps §
Fhomefchoiindsvspro_exanples/chaps §
Hello World

Fhonefchoiinfsvspro_exanpl es/chaps §
Fhomefchoiinfsvspro_exanples/chaps $ help

f***************SimD|e She||****************f

You can use it just as the conventional shell

acc —o hello hello.c

Ahello

Some examples of the built-in commands

cd ! change directory
exit Doexit this shell
quit Doguit this shell
help ! show this help
7 show this help

;********************************************;
Jhomefchoiin/svspro_exanples/chaps $

/home/ choiin/syspro_exanples?chaps § ps >

PID TTY TIME CHD
307 ptsil 00:00:00 ps
32668 ptsi 00:00: 00 bash
32765 pts/fl 00:00:00 mysh

Fhomefchoiinfsvspro_exanples/chaps %
/home/choiin/syspro_exanples/chaps § exit >

[choiim@localh

[choiin@local hap5]% ps
FID TTY TIME CHD
308 ptsAl 00:00:00 ps
s o565 ptsA 0o0:00:00 bash

[choijm@local host chap5]% B

mv=h.c




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() e T —E e |
|cn013m@10 chap3]& B a
[choijmElo t chap3]% cat alphabet.txt

abcdefghijklmnopgrstuvwsxtz

[choiim@localhost chap3]$

[choijim@local 'ost chap3]§ cat alphabet.txt > alphabet new.txt

[choijm@localhost chap3]§

[choiim@localhost chap3]f cat alphabet.txt | wc
i i 27

[choijm@localhost chap3]$

fIchoiim@localhost chap3]$ wc alphabet.TtXt

1 1 27 alph abet tXT

[choijm@localhost chap3]§

[choiim@localhost chap3]$ .




Shell (5/5)

= pipe() example
v One of IPC (Inter Process Communication) mechanisms

choijm@embedded: ~/sysprol18/chaps 2 O =
£ choij ysp p

choijm@embedded: ~/sysprol8/chap5% vi pipe exam.c s
choijmEembedded: ~/svsprolg/chapss

choijm@embedded: ~/sysprol8/chapb% cat pipe_exam.cC
/* Pipe example by J. Choi, choijm@dankook.ac.kr */f
#include <unistd.h>

#include <stdio.h>

parent child
int main{) | mo
: fd[o] fd[ 1] fd[0] fd[ 1]
int fd[2]:
char bufc[le], bufpl[le]:
int read size = 0;
pipe (£4) ; S/ meed to handle if exceptions occur pipe -
if (fork{() =— 0O} { . im m -1
write (fd[1l], "Thank wyou™, 10);
sleep(l) ; kernel

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

printf ("%s by pid $d\n", bufc, getpid()):
exitc (0)

else {
read size = read(fd[0], bufp, 16&):
bufp[read size] = '\0';

printf ("%s by pid %d\n", bufp, getpid()):

write(£fd[1l], "My pleasure™, 12)}:

wait () :

close (EA[0]): close (£d[1]) -
choijm@embedded: ~/sysprol8/chap5% goc —o pipe_ exam pipse exam.cC
choijmlembedded: ~/sysprol8/chapis ./pipe exam
Thank wvou by pid 838 | _
My pleasure by pid 839 i .

choijm@embedded: ~fsyvsprolg/chaps55 I W
— . —




Quiz for 7th-Week 1st-Lesson

s Quiz

v 1. Why we separate the data segment into two parts, “data” and
“bss”?

v 2. Discuss the differences between “redirection” and “pipe” using

system calls.
v Due: until 6 PM Friday of this week (22t", October)

Maps contiguous file
2 = s
sections to runtime <
memory segments

Describes
object file 1
sections

ELF header

Segment header table

.init

.text

.rodata

Read-only memory segment
" (code segment)

.data

.bss

.symtab

.debug

.line

.strtab

Section header table

Read/write memory segment
(data segment)

Symbol table and
+ debugging info are not
loaded into memaory

25

[choijm@localhost chap3]$
[choijm@localhost chap3]§ cat alphabet.txt
abedefghijklmnopgratuvwxtz
[choijm@localhost chap3]$
[choijm@localhost chap3]$ cat alphabet.txt > alphabet new.txt
[choijm@localhost chap3]$
[choijm@localhost chap3]$ cat alphabet.txt | wc
1 1 27
[choijm@localhost chap3]$
[choijm@localhost chap3]§ wc alphabet.txt
1 1 27 alphabet.txt
[choijm@localhost chap3]$
[choijm@localhost chap3]$ '




Advanced Process Programming (1/9)

= Until now
v We 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

26



Advanced Process Programming (2/9)

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 !
el H—
e
! E Koen 1 calls signal
i i = &
it handler on behalf Signal handler
[ e o
Delivery ¥ E 2 ! CSs - ;
f signal . o i -
s - LED I LRy
(1 i i et iy PN
T = 5 | - ] iy 5
N INSLr uc.-_lhn‘: o] R v Codeof
" ct F 1 ;_‘_::h_, i sigmnal handler
il 3) it ¢ is executed
i T -
+ Program -
resumes at ==q-a_i t
(] 3 s =
i point of interruption
: IS - SeroS)

|
Figure 20-1: Signal delivery and handler execution (Source: LPI)

—



Advanced Process Programming (3/9)

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

a) Descripors and open Farem file descriptors Open file mbile
file rable entries | il - _.I'Tl'.-.r_e:' I i II'F.I' & -I‘I_'Fr-.wI. 5 i e TS _,I'.-l'.‘.'rga. ]
before fork{)

descripior x

descripror ¥ OFT entry m

//

OFT eniryn

b} Descriptors after FParen fle descriprors Open file mbile

Skl

=~ descriptor x

=+ descripeory OFT entry m

I Jr.u-rﬂ"i.l.l'-.l - ;" ]
e plicated |:l". Child file desaript
- e feled B ta

I". " |l I'i|.|-I:1.rI =

OFT entryn

| descripror y

) After closing unnsed Parent file descrip Oipen file table
desicriptors in parent r— :
{v)and child {x) CELTLPIOT X

descripior ¥

OFT eniry m

Childd file desorip

descripror x OFT entryn

\ /[ \X/

descripoor ¥

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

I (Source: LPI)
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Advanced Process Programming (4/9)

s Race condition

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

static void charatatime(char *str) {
inti;

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");

}
ﬁf

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

ojm@embecds:

||choijm@enbeddedd :~/syspro/chapss
||choijm@enbedded4 :~/syspro/chaps$ !vi
vi race cond.c

llchoijmfenbeddedd :~/syspro/chapss

choijm@enbedded4:~/syspro/chapsé
choijm@enbedded4:~/syspro/chapSs ./race cond
output from parent

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

choijmRenbeddedd:~fsyspro/chapsg
choijm@enbedded4:~/syspro/cha#gs$ ./race cond
ouotuptuptu tf rformo mp acrheinltd

choijmRenbeddedd:~fsyspro/chaps$
choijm@enbeddedd:~/syspro/chapss
choijm@enbedded4:~/svspro/chap5$ ./race cond
llouctuptuptu tf rformo mp acrheinltd

choijmfenbeddedd:~/3y3pra/chap58
|choijm@erbedded4:~/syspro/chap5$ ./race cond
oouuttppuutt ffrroomm cphairledn

T
choijmfenbeddedd:~/sy3pra/ chap58

/lchoijm@enbeddedd :~/syspro/chap58

choijm@enmbeddedd: ~/3ysprc/cha
outpouutt pfurto mf rpoamr ecnhti

1d

choijm@enbedded4:~/syspro/chapss
choijm@enbedded4:~/syspro/chapsé

choijm@enbeddedd :~/syapro/chaps8 I

choijm@enbedded4:~/svspro/chap5$ goc —o race cond race cond.c




Advanced Process Programming (5/9)

s When two processes run concurrently

main()

{

while (1);

int glob1l, glob2;

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, &glob1l);

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

= Virtual address

choiim@@8embeddeds =
choiim@embaddeds =
[11 16579
choiim@embeddedsd =
main local:

~ S sysproSchaps5s
~SayvsproS chaps5s

~fasyvsproSchap5s

Dxffcalls
globgd :
Oox8049936f4

choiim@Bembeddeds =
main local:

"

T~ asvEsproS, chap5s

~fasyvsproSchap5s

Oxffdcabad,

Txffdcalb3

Ox804a4S96erf g
O=xS0a96f0

eddeds
choiimBenbeddedd:: ~syvspets chap5E ps

choijm@Ee

PID TITY

159085 potssS1 o0
16579 pcsS1 oo
16580 pcsS1 oo

16581

BpTsSsS 1

Sy

"

Seavspraoschan
I (3 CHID

1 Dbash

100 oS

virtual address
S Firtual address

~Awirtual address &

praocess id — 16579

~Awirtual address &

praocess id — 16580

choijm@embeddedd : ~/sysproschaps5% D

P choijm@embeddeda: ~ssysproschaps W = 22
choijm@embbeddedsd : ~/syspraschaps5$ vi virtual address.c -
choijm@embeddedd : ~/sysproschaps5%

choiimBenbeddedd: ~sysproSchap5f% goco —o wvirtual address wvirtual address.c




Advanced Process Programming (6/9)

s When two processes run concurrently (cont’)

physical
memory

Address space Address space
for Process A for Process B
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Advanced Process Programming (7/9)

= [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) fast and use less memory, 2) sharing

= Cons: 1) all threads are Kkilled if a thread has a problem, 2) hard to debug

[oon ] [

3

[oon ] o=

[ registers l I stack I

[ m-gmars] | stack I

:

[ registers l I stack I

:

:

VS

| cata | [ twes |

[ regisiers

registers I registers ||

I stack I

[etacx |

[ stack ]

code

:

:

3._

|_thread

(Source: https:I/www.toptal.com/rubylruby-concurrency-and-paralIelism-a-practical-priﬁl

S
-



Advanced Process Programming (8/9)

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());

// 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, getpid(})ju

}




Advanced Process Programming (9/9)

s [hread: compile and execution

D -Syste_m: :fsyspmicﬁap!i

choijm@sungmin-Samsung-DeskTop-System: ~/syspro/chapt% vi fork sharing test.c -
choijm@sungmin-Samsung-DeskTop-5yvstem: ~/ sysprofchaps5s

choijm@sungmin-Samsung-DeskTop-System: ~/syspro/chap5% vi thread sharing test.c
choijm@sungmin-Samsung-DeskTop—-System: ~/ syspro/chaps$

choijm@sungmin-Samsung-DeskTop-5System: ~/syspro/chap5% gocc -o fork sharing test fork sharing test.c
choljm@sungmin-Samsung-DeskTop—System: ~/ syspro/chaps$

.choijm@sungmin—ﬁamsung—Desanp—System:~fsysprcfchap5$ gcc —o thread sharing test thread sharing test.c -lpthread
choijm@sungmin-Samsung-DeskTop—System: ~/ syspro/chapss

choijm@sungmin-Samsung-DeskTop-5System: ~/syspro/chap5% ./fork sharing test

pid = 16134

a = 10 by pid = 16133

choijm@sungmin-Samsung-DeskTop—Svystem: ~/ syspro/chapss

choijm@sungmin-Samsung-DeskTop-5System: ~/syspro/chapb% ./thread sharing test

pid = 16135

a = 11 by pid = 16135

choiijm@sungmin-Samsung-DeskTop—-System: ~/ 2yspro/chapss

choijm@sungmin-Samsung-DeskTop-5ystem: ~/syspro/chap5% more thread sharing test.c

S/ thread example

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

#include <stdlib.h>

int a = 107
vold *func()
i

a++;

printf ("pid = 3d\n", getpid()):

int main{)

int p_thread;

if ((pthread create(ip thread, HNULL,

exit{0);
}

fune,

pthread join(p thread, (void *)NULL);

(void *)NULL)) < 0) {

m




Some Intuitive Figures (1/2)

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

Virtual menwry address
(hexadecinml )

OxCO000000

TR, R

Stack for main thread

Stack for thread 3

Stack for thread 2

Stack for thread 1

Shared libraries,
Ox40000000 shared memory
TASK UMNMAPPED BASE

Uninitialized data (bss)
Initialized daa

-— thread 3 executing here

-4— nuin thread executing here

Text (program code) | o 00 executing here

increasing virual adedesses

OxOB0AR000 -%— thread 2 executing here
Ox00000000
Figure 29-1: Four threads executing in a process (Linux/xB8&-32) (Source: LPI) _
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Some Intuitive Figures (2/2)

= Relation between execve() and main()

Fiqure 8.2
Typlcal organlzation of
the user stack when a
new program starts.

#include <unistd.h>

int execve(const char *filename, comst char #argv[],
const char #envp[l);
Does not return if OK, returns —1 on error

int main(int argc, char *argv[], char *envpll);

36

Oxbfffffff

Null-terminatad

environment variable strings i

Nuli-terminatad
command-ina arg strings

Unusad

envp[n] ==HKULL

anvp[n—1]

Bottom of stack

e

&u'.';.l ]| —

environ

argy[argc] ==HILL

argv [argc—1]

[

argv[0]

OxbEfffaic

(Dynamic linker variablas)

anvp

argv

ATgC

Stack frame for

main

(Source: CSAPP)

Top of stack




Summary

s Understand how to create a process
s Understand how to execute a new 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 4: Make a shell (mysh)
v Requirements

- 1) implement basic logic (parsing, fork(), execve())

- 2) implement background processing

- 3) shows student’s ID and date (using whoami and date)

- Make a report that includes a snapshot (22 page) and discussion.
1) Upload the report to the e-Campus (pdf format!!)
2) Send the report and source code to TA (O| Xl &: 2reenact@naver.com)
3) deadline: 5" November

v Bonus: imelement redirection S - SERos)

37 -




Appendix 1

= Revisit “gdb”

gchoijm@embedded: ~/syspro

int tokenize(char *line , char *tokens[], int maxToken) {
Int t ent = 0;
char *token, *delimiter = " \n";

token = strtok(line, delimiter);

fiile(token &6 t cnt < maxToken)
tokens[t cnt+t] = token;
token = strtok (WULL, delimiter);
J
tokens[t cnt] = "\0';
return t cntj

hool run(char *line) {
pid t pid; Int 1, ], fd, € cnt;
bool t by = false;
char *tokens[10];

"nysh.c" 72 lines --30%--

GNU gdb (Ubuntu
Copyright (C)
License GPLv3+:

2016 Free Software Foundation,

This is free software:
There is NO WARRANTY,

f’ choijm@embedded: ~/syspro

choijm@embedded:
choijm@embedded:
choijm@embedded:

~/syspro$ vi mysh.c

~/syspro$ gcc —g —-o mysh mysh.c
~/syspro$ gdb mysh
67RO o 0301 e 2 o o [ ST ST TR S o OO

Inc.

GNU GPL version 3 or later <http://gnu
you are free to change and redi

to the extent permitted by law.

and "show warranty"

for details.

27,10-13

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/>.

for configuration details.

Find the GDB manual and other documentation resources
<http://www.gnu.orqg/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$ 1ls -1

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

Sil. = OxtEEEEd4dk0 “ils —=1L\a"™

(gdb) p tokens[O0]
$2 = 0x41fd <error:

(gdb) n
, : : L T L NS 28 if(t cnt == 0) return true;
t cnt ﬂokenlze(llne, tokens, sizeof(tokens) /sizeof(char *)); (gdb) p tokens[0]
1f(t cnt == 0) return true; $3 = OXEEEFAABY "ls”
£ (stremp(tokens[0], "exit") == 0) return false; (gdb) p tokens[1]

54 = Oxffffddb3 "-1"

(gdb) cli

at mysh.
sizeof (

Cannot access memory at address 0x
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Appendix 1

= Typical gdb commands

Cormumeand

Effecl

Starting and stopping

guit
THEEE
kild
Breakpoints
break =omm
break *=0xE30E25304
delatae 1
delate
Execution

stapl
stepi 4
mexti
Comrtinle
fimi=h

Examining code
disa=s
disas sum
disas DxZ20Lg3ayT
disas OxEBr2E8304 OxB0iESad
priot f= Beip

Examining dala
rrint Feax
print Sx Beax
print St Eaax
primt Dol Gk
orint JSx 565
priot JSx {Febp=8]
prinot ={int =) OxFfFEFOTELO
print ={int =} {Fobp+E)
x /T Oxf £ EOTEL0
=/ Z20b Sum

Liseful imformation

imfo frame
info registers
=1 s

Exil coa

Run your program (eive command line argomenits herea’}

SLOP VOUT PO S rEnm

Set breakpoint at entry (0 fumnction amwm
Sel breakpoint at address GxB0L18304
IDelete breakpoint 1

Delete all breakpoinis

Exccuts one instraction

Exccute four insirections

Like atepi,. ot procesd thirooegh fonction calls
Resume execulion

Run vuntil current function returns

Dizsassemble current function

Disassemble honction sam

Disassemble onction around sddress Ox804s397
Disassemble code within specified address range
FPrintl program counter in hex

Printl contents Of Leax in decimal
Print contents of eax in hex

Frint contents of Xeasx in binary

FPrint decimal representalion of Gl oo
Frint hex representation of 5355

Print contents of Xebp plus §in hex
Print integer al address OxffFE£07 500
Frint integer al address Xebp + B

Examine two (4-byte ) words startineg at address Oxcf £ 07 6hd

Examins Arst 206 byles of fenction suam

Imformation aboul current stack frame
Walues of all the registers
Gel imformation aboualt con

Figuerme 3300

Example coe commands. These axamples ilustrate some of the wawvs coa
supports debugging of mMmachine-level programes.

39 (Source: CSAPP)



Appendix 2

= Shell example in CSAPP —

1 /* eval — Evaluate a command line #/
2 void eval(char *cmdline}
3 £
4 char *argv[MAXARGS]; /* Argument list execvel(] */
code/ecfishellex.c 5 char buf [MAXLINE]; f* Holds modified command line
] g i 1 int bg; /* Bhonld the job run in bg or fg? =/
#include "csapp.h 7 pid_t pid; /* Process id */f
#define MAXARGS 138 8
] 9 strcpy(buf, cmdline};
4 /4 Functien prototypes #/ 'bli: z Pﬁrig]llﬂﬂf-i_;i}ugﬂi
. T eE ; 1 i argv e
i void eval(char !cmﬂhﬂe), 12 raturn; S+ Ignmore empty lines =/
& int parseline(char #buf, char #*argy); 13
7 int builtin_command(char *+*argv); 14 if (!builtin_command(argv)) {
i 15 if ((pid = Fork()) = 0) { /* Child runs user job =/
; . . 16 if (execve(argv[0]l, argv, envirom} < 0} {
9  int main() 17 printf{"¥s: Command not found.\n", argwl0l);
w o 18 exit(0);
i char cndline[MATLINE]; /+ Command 1ine s/ 9 X
13 20 }
: ] 21
3 while (1) { 22 /* Parent waits for foreground job to terminate */
4 /* Read #/ 23 if ('bg) {
5 printf["h i i 24 int status;
: Fgets(cndline, MAXLINE, stdin); B R - R
i " 26 unix_error("waitfg: waitpid error");
17 if {feof{stdin}) 27 ¥
18 axit(0}; 28 elsa
19 29 printf("¥d ¥s", pid, cmdline);
- b B ; 30 T
0 /% bvaiuate %/ i1 return;
2 eval(cmdline); TR
37 } 33
33 } 34 [+ If firet arg is a tmiltin command, rom it and return trues */
35 int builtin_command (char *®*argwv)
codefecfishellex.c 36 1
o 17 if (!strcmp(argv[0], "guit™)) /+ guit command «/
Figure £.22 The main routine for a simple shell program. 15 exit(0);
39 if (!'strcmp{argv[0], "&")) /* Ignore singleton & */
40 raturn 1;
41 return 0; f* Hot 2 builtin command =/

codelecfishellex.c 1

N £iore .23 eval: Evaluates the shell command line.

TV 7



Appendix 3

s Binary format

v Real view in Linux with commands size and readelf

1 sica) T TR SR b R

. 2| = S _ EPATE

@choum@LAPTOP LRSHOQBH: ~/Syspro/LN4
noijm B~ /Syspro/LN4S
onoi jmaLA REH00EH:~/Syspro/LN4$ more test.c
#include <stdio.n>
inta=10;
intb=20;
int ¢
int main()
{
c=ath;
, printf('C = %dhn', ¢)
choi jmaL ,Syspro/-\4$
J meLA Syspro/LN4$ gec ¢ test.c
maLA ~[Syspro/LNA$
chol jmiLAPTOP-LR5H00BH: ~/Syspro/LN4$ size test.o
text  data bss dec  hex filename
156 8 0 164 a4 test.0
choi jmaLA ~/Syspro/LN4$
1 jmALA ~/Syspro/ LN gee test.c
choi jmaL. ~/Syspro/LN4$
chol | mALAPTOP-LA5HO0BH: ~/Syspro/LN4$ size a.out
text data  bss  dec  hex filename
1585 608 g 2211 8la.out
choi jmeLAPTOP-| BH:~/Syspro/LNAS
niLAP B~ /Syspro/LN4S objdump -h a.out
a.out: file format elf64-x86-64
Sections:
[dx Name Size VWA LMA File off Algn
0 .interp 0000001c  0000000000000318 0000000000000318 00000318  2#x0
CONTENTS, ALLOC, LOAD, READONLY, DATA
1 .note.gnu.property 00000020 0000000000000338 0000000000000338 00000338 2+3
CONTENTS, ALLOC, LOAD, READONLY, DATA
2 .note.gnu.build-id 00000024 0000000000000358 0000000000000358 00000358 2#*2
CONTENTS, ALLOC, LOAD, READONLY, DATA
3 .note.ABI-tag 00000020 000000000000037¢ 000000000000037¢ 0000037¢ 2%x2
CONTENTS, ALLOC, LOAD, READONLY, DATA
4 .gnu.hash 00000024 00000000000003a0 0000000000000380 00000340 _2¢x3

41

@chor}m@LAPTOP LRSHOQBH: ~/Syspro/LN4
choi jm@LA Zgilbais :~/Syspro/LN4$
Jchoi jm@LAPTOP-LR5HOQBH: ~/Syspro/LN4$ readelf —a a.out
:ELF Header:
Magic: 7f 45 4¢ 46 02 01 01 00 00 Q0 OO0 OO 00 00 00 00
Class: ELF64
Data: 2's complement, little endian
Version: 1 (current)
0S/ABI : UNIX — System V
ABI Version: 0
Type: DYN (Shared object file)
Machine: Advanced Micro Devices X86-64
Version: 0ox1
Entry point address: 0x 1080
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: B84 (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 il
[ 2] .note.gnu.propert NOTE 0000000000000338 00000338
0000000000000020 OOOOOOOOOOOOOOOO A 0 0 8
[ 8] .note.gnu.build-i NOTE 0000000000000358 00000358
0000000000000024 0000000000000000 A 0 0 4
[ 4] .note.ABl-tag NOTE 000000000000037¢c  0000037¢c
0000000000000020 0000000000000000 A 0 0 4
[ 5] .gnu.hash GNU_HASH 00000000000003a0 00000320
0000000000000024 0000000000000000 A 6 0 8
[ 8] .dynsym DYNSYM 00000000000003¢c8 000003c8
00000000000000a8 0000000000000018 A 7 1 8
[ 7] .dynstr STRTAB 0000000000000470 00000470 |
=




Quiz for 7th-Week 2Md-Lesson

s Quiz

v 1. Discuss the role the wait() system call using the terms of shared
resource, race condition and synchronization.

v 2. Each tab of a browser can be implemented either process or
thread. Which is better? Explain your own opinion.

v Due: until 6 PM Friday of this week (22, October

c

@ stack Overflow

Jobs

Companies

el

) Free 50 Day Tral

Which is better choice for browser's tab: multi-thread or multi-process?

[closed]

] Asked 9 years, 10 months ago  Active 6 years, 11 monthsago  Viewed 13k times

Closed. This question is opinion-based It is not currently accepting answers
Q Wantto improve this question? Update the question so it can be answered with facts
~ and citations by editing this post

Closed 6 years ago.

Improve this question

| wonder which is a better choice for implementing tabs in a web browser? (Ex: Firefox
use multi-threading for their tabs, while Google Chrome use multi-processes .. )

mullithreading  browser  process

asked Nov 24

You may want to make the question appear less subjective. What are the advantages and
disadvantages of thread/process tab separation in browsers. and perhaps not mention them by
name. .. ~ Matt Joiner Nov 2

Note that Firefox is in the process of implementing this. — Matthew Flaschen Nov 24

@ Matthew Flaschen - Thank you Matthew, this is what i'm looking for. Seems like chrome is
leading anead of Firefox In general use for its stability and other stuffs ... — user186276

@isubasa: Hardly.._ Firefox is an epic brawser, and presently much more stable than Chrome.
th_itast Y]

B Windows 10 X | ¥ eabit =0l x | @ compiler-1n x | K ‘obfuscateS x | @ debiansecu x | @ debary @0 X & c-whkchie x @ lsabrowser X | + R
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