$" exit
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#include <errno.h>
main() {
int pid = fork();
int errno2;
if (pid==0) {
execl("/bin/xls",0);
errno2=errno;
perror ();
printf("Fehlercode errno = %d\n",
errno2);
} else { wait(); }

perror()
errno
gcc

Hans-Georg Eder, FH Michen
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fork() exec()

> gcc -o fork-exec-fail fork-exec-fail.c
> [fork-exec-fail

/bin/xls: No such file or directory
Fehlercode errno = 2

2. Prozesse * Folie 2

[ In xterm-Fenster ]

> pstree | grep nedit
| |-xterm---bash---nedit
> ps auxw | grep nedit
esser 24676 1.0 0.8 8248 4336 pts/4 S
> cat /proc/ 24676 /status | grep PPid
PPid: 24659
> ps auxw|grep 24659
esser 24659 0.0 0.3 4424 1936 pts/4 Ss+

[ In xterm-Fenster ]

> cat /proc/ 24676 /status | grep PPid
PPid: 1

Hans-Georg Eder, FH Nichen
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> nedit &

15:13 0:00 nedit

15:12 0:00 bash

> exit
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amd6a
amd

shineviogmgr

severity=DEBUG")

sbiny

logmgr -c ‘age > "30d")
STATS: drop
cepted rsa for m :ffff:87.234.201.207 port 62

m 8
m :ffff:87
m :ffff:87
om
g-ng[765:
sshd[10140) om 87
sbin/eviogmgr -
sbin/eviogmar -c ‘age
om :ffff:87.234.201.207 port 63
om :ffff:87.234.201.207 port 64
bin/eviogmgr -c lem u:l,l
bin/eviog: e Mool

sbin/eviogmgr -c "severity=DEBUG")

sbin/eviogmgr -c ‘age > "30d")

from ::ffff:192.168.

port 59771 s

201.207 port 620

‘severity=DE

om :ffff:87.234.20:

port 644

om ::ff:87.234.201.207 port 61330
ATS: dro

pped 0
midi_event: unsuppo
S: dropped 0
unsupported mod ule, tainting kernel

d module, tainting kerne

om :ifff:87.234.201.207 port 62566

infeviogmgr -c "severity=DEBUG")

bin/eviogmgr -c ‘age > "30d")

m :ffff:87.234.201.207 port 64183

om ::fff:87.234.201.207 port 62822

om :ffff:87.2
om :ffff:87.234.201.20
om :ffff:87.234.201.207 port €
om :ffff:87.2

09
1.207 port 62778

struct task_struct {
volatile long state;/* -1 unrunnable, 0 runnable, >0

#define  TASK_RUNNING 0 ;3
#define  TASK_INTERRUPTIBLE 1 3, -
1

#define  TASK_UNINTERRUPTIBLE 2 3;
#define  TASK_STOPPED 4 3 -
#define TASK_TRACED 8
#define  TASK_ZOMBIE 16 , #

wait()
#define TASK_DEAD 32
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stoppe d *

< 29)

% )

TA RS UK MA kR4 U4 **>?)
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% # #

0 1 *2,
*2, include/linux/sched.h
13 4 %
task_struct + $5& ! 6
78 4+ 589:9' )
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struct task_struct

2. Prozesse * Folie 6

Scheduler ordnet Prozess durch Kontextwechsel zu

* Prozess laufbereit
Prozess wartet darauf)
ausgefiihrt zu werden

»TASK_RUNNING«

Prozess wurde von hdher priorem Prozess unterbrochen

© Prozess laufbereit
* Prozess wird
ausgefiihrt

»TASK_RUNNING«

Ereignis tritt
ein, auf das Prozess wartet
der Prozess auf Ereignis
gewartet hat
* Prozess ist blockier!
TASK_INTERRUPTIBLE®
HTASK_UNINTERRUPTIBLE,
@ /87 #
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struct task_struct {

(-]

struct task_struct *p_opptr,

% $
18 )

*p_pptr , *p_cptr , *p_ysptr

’

*p_osptr
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'$
« )

struct task_struct {
[..]
struct task_struct *group_leader;
/¥ threadgroup leader */

(]
/* signal handlers */
struct signal_struct *signal;

0 # 7 #
LA+ A4
current->signal->pgrp
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struct signal_struct {
/* job control IDs */
pid_t  pgrp ; , 4+
pid_t tty_old_pgrp;
pid_t session " 4+
/* boolean value for session
group leader */
int leader;

PS ]

2. Prozesse * Folie 11

3

struct task_struct {

[--]
struct task_struct *paren
struct list_head children;
struct list_head sibling;

! %

list_for_each(list, &current->

& $
18 )

t; /* parent process */
/* list of my children */
[* linkage in my parent's childre

children ) {

task = list_entry(list, struct task_struct, sibling);

/* task zeigt jetzt auf e

}

ines der Kinder */

# #

for (task = current; task != &init_task; task = task->parent

}

Hans-Georg Eder, FH Michen
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n list */

init

) {

2. Prozesse + Folie 10

* 3

((

n 7 #
killpg(pgrp, sig);
B %
# IR )
waitpid(0, &status, ...);

) # # 1
waitpid(-pgrp, &status, ...);
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+ /

struct list_head tasks ;

#define next_task(p)
list_entry((p)->tasks.next,

struct task_struct, tasks )
#define prev_task(p)

list_entry((p)->tasks.prev,

struct task_struct, tasks )

#define for_each_process(p)
for (p = &init_task ;

(p = next_task(p))

I= &init_task ; )

Hans-Georg Eder, FH Nichen

$9$

< Prozessdeskriptor n

§truct task_struct

< Prozessdeskriptor x te;

struct task ¢
R

struct

Prozessdeskriptor 2

gtruct task_struct

" |prio;

Prozessdeskriptor 1

ey

)

struct task_struct

volatile long state;
int prio, static_prio;

pid_t pid;

|prio;

lprio;

>
b
D,
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> ps |

PPID
19287

7628

9634
10095
10095
10114
10135
10151
10258
10276
10260
10275
10259
10263
10263
29201

4822

4823

4823
23115

PID PGID

SID

TTY

7628 7628 19287 pts/8
19287 pts/8

7637 7628
10095 10095
10114 10114
10115 10114
10135 10114
10151 10151
10238 10151

10095 tt
10095
10095
10095
10095
10095

tyl

tty1
ttyl
tty1
tty1
tty1

10270 10270 10270 pts/2
10278 10278 10278 pts/4
10284 10284 10284 pts/5
10292 10292 10292 pts/6

10263 1021
28869 28869
28872 28872

29203 29203 29203 pts/7
4823 4823

31118 31118
31297 31297

10263
10263
10263

pts/1
pts/1
pts/1

4823
4823
4823

pts/14
pts/14
pts/14

32703 32703 23115 pts/13

Hans-Georg Eder, FH Michen

, $

500 20:50 /opt/moz/lib/m

TPGID STAT
19287 S 500
19287 SI
10114 Ss 500

10114 S+ 500
10114 S+ 500
10114 S+ 500
10114 S 500
10114 s 500
10270 Ss+ 500
10278 Ss+ 500
10284 Ss+ 500
10989 Ss 500
10263 Ss+ 500
10263 S 500
10263 S 500
29203 Ss+ 500

4823 Ss+ 500

4823 S 500

4823 S 500
32703 R+ 500

Betriebssysteme I, WS 2006/07

ulb  TIME COMMAND

0:00 /bin/sh fusr/bin /mozilla -mail
ozilla-bin -mail
0:00 -bash

0:00 /bin/sh /usr/X11Ré/bin/startx

0:00 tee /home/esser/.X.err

0:00 xinit /home/esser/.xinitrc

0:00 /bin/sh /usr/X11R6/bin/kde

0:00 kwrapper ksmserver
0:00 bash
0:00 bash
0:00 bash
0:00 bash

0:00 bash

0:16 konqueror /media/usbdisk/dcim

0:13 konqueror /home/esser
0:00 bash

0:00 -bash

0:00 nedit kernel/sched.c

0:00 nedit kernel/fork.c

0:00 ps j

2. Prozesse + Folie 14

kernel/fork.c

B + % D

'3 Ccopy_process )
fork() clone()
clone() do_fork()
do_fork() copy_process()

Hans-Georg Eder, FH Nichen
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copy_process()

dup_task_struct() % " -
thread_info "o task_struct 1
% " TASK_UNINTERRUPTIBLE
copy_flags() PF_FORKNOEXEC
get_pid() 4+ %
0 clone() +
E # -,
#
F # 1 n )
+ - % - )
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/| 8- - *
#
* # #
F
0 * task_struct
% #
# @ B
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)1 (

(23 ' (

, # + G
H?4
14 . 23 1
41> H -
51 6
" F7 3
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Al

41> B #
# 41>
- 9
3
1 4 H -
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# @ )

Hans-Georg Eder, FH Nichen Betriebssysteme I, WS 2006/07

2. Prozesse * Folie 23

(.10

User Program Interrupt Handler

1 -
2
L] L]
L] L]
L] L]
i
Interrupt —»
occurs here i+1 <
L]
L]
L]
M @ " ")
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Interrupt Interrupt
User Program Handler X User Program Handler X
1 =1 1 oA
1 S ' -
1 -7 1 | - 1
1 e ! 1 P J
- 1 _- %
I ' I e N
- ! - T
= - ! .- ___ | ~
mm— - N T T T - S
i~ R & ! ~ Interrupt
i ~ao ——— Interrupt H N S .
! S~ T==--_____ HandlerY ! . ~Handler Y
I S~o I I s T
| S~o : I I
1 S~
! AR ! | AN i
| Sso : | N I
1 ~<
: | ! {1
' ~ao ! | o
v s dl v S
(a) Sequential interrupt processing (b) Nested interrupt processing
@ &
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> cat /proc/interrupts

0
2:
3:
5
7
8

10:
11:
12:
14:
NMI:

LOC:
ERR:

MIS:

CPUO

: 3353946487

0

4663
159275991
971775

2

0

31052
197906977
16904921
60349322

0
0
0

0

Hans-Georg Eder, FH Nichen

XT-PIC
XT-PIC
XT-PIC

XT-PIC
XT-PIC
XT-PIC
XT-PIC
XT-PIC

XT-PIC

XT-PIC

XT-PIC

timer

cascade
NVidia CK804
ohcil394, nvidia
hsfpcibasic2

rtc

acpi

libata, ohci_hcd
libata, ehci_hcd
ethO

ide0
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< - int  request_irg (
60 ' unsigned int irqg , /* Welche IRQ-Nummer? */
irgreturn_t (* handler )(int, void *, struct pt_regs *),
. unsigned long irgflags
4 y FK 4FD) / const char *  devname, [* Geratename->/proc/int..*/

4 ’ E |4 , " F void * dev_id );
4"F) ¥ 3 4 , 4FD irq .
@" 4 handler()

3 # H 8'4 | H 8) SA_SHIRQ 4 *
SA_INTERRUPT /- 4 ,

< = < =
1
SA_SAMPLE_RANDOM , <#3 = # L
1, (! #
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drivers/char/rtc.c rtc_init()

if (request_irg(rtc_irq, rtc_interrupt, SA_INTERRUPT,
“rtc”, (void *)&rtc_port)) {
printk KERN_ERR "rtc: cannot register IRQ %d\n", rtc_irq);
return -EIO;

rcc_irg NO
rtc_interrupt E
SA_INTERRUPT
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1 E

kernel/irg/handle.c, handle_IRQ_event():

int handle_IRQ_event(unsigned int irq, struct pt_regs *re
struct irgaction *action) {
int ret, retval = 0, status = 0;

if ((action->flags & SA_INTERRUPT))
local_irg_enable();

do {
ret = action->handler(irq, action->dev_id, regs)
if (ret == IRQ_HANDLED)
status |= action->flags;
retval |= ret;
action = action->next;
} while (action);

if (status & SA_SAMPLE_RANDOM)
add_interrupt_randomness(irq);
local_irg_disable();

return retval;

}
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irgreturn_t rtc_interrupt
spin_lock (&rtc_lock);
rtc_irg_data += 0x100;
rtc_irq_data &= ~Oxff;
rtc_irq_data |= (CMOS_READ(RTC_INTR_FLAGS) & OxF0);

(int irg, void *dev_id, struct pt_regs *regs) {

if (rtc_status & RTC_TIMER_ON)
mod_timer(&rtc_irq_timer, jiffies + HZ/rtc_freq + 2*HZ/1

spin_unlock (&rtc_lock);

/* Now do the rest of the actions */

spin_lock(&rtc_task_lock);

if (rtc_callback)
rtc_callback->func(rtc_callback->private_data);

spin_unlock(&rtc_task_lock);

wake_up_interruptible(&rtc_wait);

kill_fasync (&rtc_async_queue, SIGIO, POLL_IN);

return  IRQ_HANDLED
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00);
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7 #4 , *
"2 H '3 4 )
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