.!'_ Hoe&d &2 NlA (Process)



L =

: Z2HA NR/BR

» HES 2

1>
I
X

EEER
N =ETP

» HIXS X

©
Hr
o
0z
0g
0



5“7

= Al A AIE

-
Sy

© =
Xty
HD



‘L Process Start

Kernel exec system call

user process C start-up routine

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

i call j [ return
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main()

= int main(int argc, char *argvl]);
= argc: the number of command-line arguments
= argv[] : an array of pointers to the arguments

s C start-up routine
= Started by the kernel (by the exec system call)

= Take the command-line arguments and the environment from the
kernel

= Call main
exit( main( argc, argv) );
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‘L Process Termination

= Normal termination
= return from main()
= calling exit() :
= calling _exit()

s Abnormal termination
= calling abort()

= terminated by a signal
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exit()

#include <stdlib.h>

void exit(int status);

-_

» IZMAS HAdECE St

= cleanup processing = =3 st}
» B SHE AEEZE Ell(fclose)

« 4 HIHS WHE= UAZ0 =CH(fflush)

m status
= the exit status of a process
= O] 2t2 UNIX shell 0l 2IoHA At=E
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_exit()

#include <unistd.h>

void _exit(int status);
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atexit()

#include <stdlib.h>

void atexit(void (* func)(void));
returns: 0 if OK, nonzero on error

s eXit handler & ==&t}
s L NAE 320 DEA

func

= an exit handler
= a function pointer

s exit() = exit handler == sES= 92 =
Ct
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C Program Start and

‘L Termination

|
. |
_exit! : |
D exit handler | |
1 function / :
|
£k &« |
gl B e, =T |
. . : call |
€X1t | main | of OXLE e | user
' | function function | exithandler | 1o
|
5 [ NG |
: Dy © e[}[{b :
| C start-up | standard 1/0 |
| routine _exit Cleanup |
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I exec !
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/* doatexit.c */

l’\ﬁhAIf\l’C\
Hal IlUITi o

static void my_exit1(void), my_exit2(void);

int main(void) {
if (atexit(my_exit2) !=
if (atexit(my_exitl) !=
if (ateX|t(my exitl) 1=
printf("main is done\n
return O;

}

0)
0)
0)
");

Lrivimd As:

ttc
rint |\ 'first exi

pri

}

static void my_exit2(void) {
printf("second exit handler\n");

v0|d my_exi
t

| (vo

~~n Al
Iariui

d){
1er\n)

_rf-ll

O =0 ¥8Z

perror(‘can't register my_exit2");
perror(‘can't register my_exit1");
perror(“can't register my_exit1");
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Command-Line Arguments

= exec() pass command-line arguments to a new program
= argv|[0], argv[1], ..., argv[argc-1]
= argv[argc] is NULL (ANSI, POSIX.1)

argument list arguments
argv > argv[0] » program ©°|&
argv[1] » Istargument
argv[argc-H » (argc-1)th argument
NULL
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Echo command-line arguments

#include "ourhdr.h" /* echoarg.c */
int main(int argc, char *argvl]) {
int i;
for (i = 0;i < argc; i++) /* echo all command-line args */

printf("argv[%d]: %s\n", i, argvlil);
exit(0);

#include "ourhdr.h" /* echoargl.c */
int main(int argc, char *argv(]) {
inti=0;
char **p = argyv;

while (*p)
printf("argv[%d]: %s\n", i++, *p++);
exit(0);
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—nvironment Variables

]
T

I3 B 2=(environment variable)
S22 Z2NANA A Z2AMAZ MY EC

.

Ct.
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dogin £= .cshrc WHE U A &8 H+=E £8

-’

PP 0| =3t

$ env

USER=Is]

LOGNAME=Isj

HOME=/userl1/lsj

PATH=/bin:/usr/bin:/usr/local/bin:/usr/ccs/bin:/usr/ucb:/usr/open
win/bin:/etc:.

MAIL=/var/mail/lsj

SHELL=/bin/csh
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—nvironment List

s 8 B2 environ2 0|20l &4 H
= extern char ** environ;

s 2 E=E2 "848 B 0[S=g!" 2 &4
» 2 EAE2 02 EHU
2t B 2[AES QA2 2 NULL £01H
= argv 2t €2 XL
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—nvironment List

environment environment environment
pointer list strings
environ > » "USER=chang"

v

"LOGNAME=chang"
"HOME=/user/chang"
"PATH=/bin:/usr/local..."
"MAIL =/var/mail/chang”

v

v

v

"SHELL=/bin/csh"

v

NULL
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—choall.c

int main(int argc, char *argvl])
{

int I

char **ptr;

extern char **environ;

for (i=0;i<argc; i++) /* echo all command-line args */
printf("argv[%d]: %s\n", i, argvli]);

for (ptr = environ; *ptr != 0; ptr++) /* and all env strings */
printf("%s\n", *ptr);

exit(0);
}
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getenv()

#include <stdlib.h>
char *getenv(const char *name);

Returns : pointer to value associated with name, NULL if not found
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outenv()

#include <stdlib.h>

int putenv(const char *stn);

Returns: O if OK, nonzero on error

n S8 BHEE F

.

=Jtettt

s StrE "name=value"
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setenv() unsetenvl()

#include <stdlib.h>

int setenv(const char *name, const char *value, int rewrite);
Returns: O if OK, nonzero on error

void unsetenv(const char *name);

s setenv = S8 B name = va/u = s=¢oflt
= name 2| & HI 0|0] U= B

s rewrite!=0 0|H AN 2 HEL

« rewrite == 0 0|™ gt0| HE LKA Z¥=LCh

s unsetenv = &8 H== name = Ml HSHCH
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i Memory Layout of a C program

high address

heap

uninitialized data
(bss)

initialized data

Text(code)

low address
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command-line arguments
and environment variables

initialized to zero by exec

read from program file by exec
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Memory Layout of a C program

= Text(code) segment
= Machine instructions (read-only, sharable)

= |nitialized data segment

= e.g. int maxcount = 99; (initialized)
= Uninitialized data segment

= (bss: block started by symbol)

= e.d lana ciimI 10001
| lyl |U||3 JMIIILIUV\JJ,

s Stack

= automatic local variables, temporary variables, return
address, caller's environment (registers)

= Heap
= dynamic memory allocation
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i Memory Allocation

#include <stdlib.h>
void *malloc(size_t s/ize);
void *calloc(size_t nobyj, size_t size);
void *realloc(void *ptr, size_t newsize);
returns : nonnull pointer if OK, NULL on error
void free(void *ptn);

= dynamic allocation of memory from heap

= provide suitable alignment

= eXx) doubles must start at the addresses that are
multiples of 8

= library manages memory pool
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i Memory Allocation

= malloc()

= allocates specified number of bytes,
= Initial value of memory is indeterminate

s calloc()

= allocates specified number of objects of specified size,
= Initialized to all O bits

s realloc()

= changes size of previously allocated memory,
= Initial value of new area is indeterminate
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!'_ HI XIS &I (Nonlocal jumps)
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lonlocal Jumps:setymp/longgmp

= Transfer control to an arbitrary location.
= Direct nonlocal goto: setjmp/longjmp
= a way to break the procedure call/return discipline
= Useful for error/exception recovery and signal handling

= Int setymp(@mp_buf env)
= Must be called before longjmp
= |ldentifies a return site for a subsequent longjmp.
=« Called once, returns one or more times

= void longymp(mp_buf env, i1nt val)
= Called after setjmp
= Nonlocal goto the return site set by setjmp
= Called once, but never returns
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setimp(), longjmp()

#include <setjmp.h>
int setjmp(mp_buf env);
returns : O if called directly,
nonzero if returning from a call to longjmp

void longjmp(mp_buf env,int val);

= setjmp store information at env for return to setjmp point
= returns O if called directly
= returns nonzero(val) if returning from a call to longjmp

s longjmp use envto jump to setjmp point and va/as a
return value.

= Several Iong}mp can use the same setjmp location with
different val.

= normally envis a global variable since it can be referenced
from another function.

© =0 H#EZ 29

Hr
0zt




setjmp/longjmp Example

#include <setjymp.h>
Jmp_buf buf;

main() {
1T (setymp(buf) 1= 0) {
printf(''back 1n main due to an error\n");
exi1t(0);
+
else
printf("first time through\n");

|
..... : vy’ /9

pl(); /* pl calls p2, which calls p3 */

+
P30 {
<error checking code>
1T (error)
longjmp(buf, 1)
+

30



Limitations of Nonlocal Jumps

Works within stack discipline

= Can only long jump to environment of function that has been called

but not yet completed

jJmp_buf env;

P10
{
1T (setymp(env)) {
/* Long Jump to here */
} else {
P20);
+
+

P20
{ - - -P20; . . - P30O; }

P30

{
longjmp(env, 1);

}

P2

P3

Before longjmp

After longjmp
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2 1} testimp.c

#include <setjmp.h> /* testjmp.c */
static void f1(int, int, int); static void f2(void);
static jmp_buf jmpbuffer;

int main(void) {
int count;
register int val;
volatile int sum;

count = 2; val = 3; sum = 4;
if (setjmp#jmpbuffer) 1= 0) {

printf("after longjmp: count = %d, val = %d, sum = %d\n", count, val, sum);
1 exit(0);
count = 97; val = 98; sum = 99; /* changed after setjmp, before longjmp */
f1(count, val, sum); /* never returns */

}

static void f1(int i, int j, int k) {
Fzré)n_tf(“in f1(: count = %d, val = %d, sum = %d\n", i, j, k);

static void f2(void) {
longjmp(jmpbuffer, 1);
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Results: testimp.c

$ cc testjmp.c

$ a.out

in f1(): count = 97, val = 98, sum = 99

after longjmp: count = 97, val = 98, sum = 99

$ cc -0 testjmp.c

$ a.out

in f1(): count = 97, val = 98, sum = 99
after longjmp: count=2, val=3, sum=99
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