Exceptional Control Flow I
(Process Operations)
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Obtaining Process ID’s

°* Process ID
- PID
- Each process has a unique positive PID

* Getpid()
- Returns the PID of the calling process
* Getppid()
- Returns the PID of its parent
* The process that created the calling process



Obtaining Process ID’s

#include <unistd.h>
#include <sys/types.h>
pid_t getpid(void);
pid_t getppid(void);
returns: PID of either the caller or the parent

* The getpid and getppid routines return an integer
value of type pid_t

° pid_t
- Defined in types.h as an int on Linux systems



Exit Function

#include <stdlib.h>
void exit(int status);

this function does not return

* The exit function terminates the process with
an exit status of status.
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Fork Function

* A parent process
- Creates a new running child process
- by calling the fork function

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

pid_t fork(void);
Returns: O to child, PID of child to parent, -1 on error




Fork Function

« MEIERNFHIE
- JLF, BEREmettt, 5XHEER
o HBENFCIERNFHIERAERY PID




Fork Function

* FiHIE
- SR — R P R A L T A A SE S T

* including the text, data, and bss segments, heap,
and user stack.

- FNWERHFREEFT AN HFERRT ( file
descriptors ) H5EE#EN
s RIREFHETUER R, ERXHREPRELFTANERAXHF




Fork Function

e Called once

- In the parent process

e Returns twice:

- In the parent process
e Return the PID of the child

- In the newly created child process.
e Return O
 The return value provides an unambiguous way

- whether the program is executing in the parent or the
child.
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Fork Function

1 #include "csapp.h"

2

3 int main()

4 {

5 pid_t pid;

6 int x = 1;

7

8 pid = Fork();

9 if (pid == 0) { /* child */
10 printf("child : x=%d\n", ++Xx);
11 exit(0);

12 }

13

14 /* parent */

15 printf("parent: x=%d\n", --x);
16 exit(0);

11



Fork Function

* Call once, return twice.

- As mentioned before

- This is fairly straightforward for programs that
create a single child.

- Programs with multiple instances of fork
* can be confusing

* need to be reasoned about carefully
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Fork Function

* Concurrent execution

- The parent and the child are separate
processes that run concurrently.

- The instructions in their logical control flows

can be interleaved by the kernel in an
arbitrary way.

- We can never make assumptions about the
interleaving of the instructions in different
processes.
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Fork Function

* Duplicate but separate address spaces

- Immediately after the fork function returned
In each process, the address space of each
process is identical.

* Local variable x has a value of 1 in both the parent
and the child when the fork function returns in line
8.
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Fork Function

* Duplicate but separate address spaces.

- The parent and the child are separate
processes
* they each have their own private address spaces.

* Any subsequent changes that a parent or child makes
to x

- private
- not reflected in the memory of the other process.
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Fork Function

* Duplicate but separate address spaces

- The variable x has different values in the
parent and child when they call their
respective printf statements. (++x/--x)

* Shared files

- Like stdout

- Communication between child and parent

16



Fork Function
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#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>

int

prompt> ./pl
hello world (pid:29146)

hello, I am parent of 29147 (pid:29146)
hello, I am child (pid:29147)

prompt>

main (int argc, char xargv([])

{

printf ("hello world (pid:%d)\n", (int) getpid());

int rc = fork();
if (rc < 0) {

// fork failed; exit

fprintf (stderr, "fork failed\n");

exit (1) ;
} else if (rc ==

0) { // child (new process)

printf("hello, I am child (pid:%d)\n", (int) getpid());

} else {

// parent goes down this path

printf("hello, I am parent of %d (pid:%d)\n",

rc,
}

return 0;

(int) getpid());

(main)



Fork Function
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prompt> ./pl
hello world (pid:29146)

#include <stdio.h> hello, I am child (pid:29147)
#include <stdlib.h> hello, I am parent of 29147 (pid:29146)
#include <unistd.h> prompt>
#include <sys/wait.h>
int
main (int argc, char xargv[])
{
printf ("hello world (pid:%d)\n", (int) getpid());
int rc = fork();
if (rc < 0) { // fork failed; exit
fprintf (stderr, "fork failed\n");
exit (1) ;
} else if (rc == 0) { // child (new process)
printf ("hello, I am child (pid:%d)\n", (int) getpid());
} else { [/ parent goes down this path (main)

int wc = wait (NULL) ;
printf ("hello, I am parent of %d (wc:%d) (pid:%d)\n",
rc, wc, (int) getpid());

}

return O; 18



Fork Function

1 #include "csapp.h"

2

3 int main()

4 {

5 Fork(); ~hello,
6 printf("hello!\n"); __lhello,
7 exit(0); fork

8 }

(a) Calls fork once. (b) Prints two output 1lines.



Fork Function

1 #include "csapp.h"

2

3 int main()

4 {

5 Fork();

6 Fork();

7 printf("hello!\n");
8 exit(0);

9 }

(c) Calls fork twice. (d)

—hello.
h

c hello..
fort
fork fork

Prints four output lines.
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Fork Function

1 #include "csapp.h"

2 ~hello.

3 int in() p hello.
int maln for

4 { ‘rheiioa.

S Fork(); | fork fork

6 Fork(); £

7 Fork(); Fhﬁu%

8 printf("hello!\n"); | ffhgtloa»

9 exit(0); hello ,

10 3 (e) fork fork fork

(e) Calls fork three times. (f) Prints eight output lines.
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IRELRS]

code/ecf/forkprob0.c
1 #include "csapp.h”
2
3 int main()
4 { /
5 int x = 1;
G
7 if (Fork() == 0)
8 printf("printfl: x=%d\n", ++x);
9 printf ("printf2: x=J)d\n", --x);
10 exit (0);
11 } '
code/ecf/forkprob0.c

A FTHENBERMTA?
B. XML RMTA?

HZ bMhatialee ? (RigST—ETERNL) 22



IRELRS]

EAMEF LR S DA “hello” Hy #4772

code/ecf/forkprobl.c
1 #include "csapp.h"
2
3 int main()
e A
5 Ant 43
6
7 for (i = 0; i < 2; i++)
8 Fork();
9 printf("hello\n");
10 exit(0);
11}

code/ecf/forkprobl.c
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IRELRS]

ZNMEFLBE Z D/ “hello” 477

10
11

13
14
15
16

W o NN i A W N

#include "csapp.h”

void doit()

!

int

Fork();
Fork();
printf ("hello\n");
return;

main()

doit(); ,
printf ("hello\n");
exit(0);

code/ecf/forkprob4.c

code/ecf/forkprobd.c



Zombie

* Kernel HARSEHER LG ZIKEEIE

i

s BRIFNHEE—RSRIFT terminated IKE,

BEZ#E parent 82 (reaped)
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Zombie

* When the parent reaps the terminated
child

- WIZE S child BY exit status kX445 parent
- RENFEERXIERHIE

* A terminated process that has not yet

been reaped is called a zombie.
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Zombie

* If the parent process

- terminates without reaping its zombie
children,

- the kernel arranges for the init process to
reap them.

* The init process
- hasaPID of 1

- and is created by the kernel during system
Initialization.

27



Zombie

o KHEBIZTTEVEER (5130 shells 8¢ servers)
h iz = W EIM{]EY zombie children

o Bfsf zombie TT_l:'/fi') %887 CPU J\/$)
M 1 E53E T RANRNEFRIE
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« HIFHENRE

- A. BYja] /i
- B. FF1/0
- C. #H*zE sleep
- D. HFBI
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Wait_pid Function

#include <sys/types.h>
#include <sys/wait.h>
pid_t waitpid(pid_t pid, int *status, int options);
pid_t wait(int *status);
Returns: PID of child if OK, O (if WNOHANG) or -1 on error

32



Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

°* pid > 0

- The wait set is the singleton child process

* whose process ID is equal to pid
* pid = -1

- The wait set consists of all of the parent’s
child processes

33




Wait_pid Function

* The waitpid function

- If the calling process has NO children
* returns -1
* sets errno to ECHILD

- If interrupted by a signal
* returns -1
* sets errno to EINTR

34



Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options =0

- waitpid EKEBTAA#EFEFANERLZRS, B
wait-set FEY— child process £&1E7;

- W& wait-set FR—MEHIETEHTT waltp|d TR
MR ELEKIET, ﬁBA waitpid 1ZZ/iR[E];

- Waitpid iR[BIS$37 waitpid REGR[EIRY. E',ééé%JJ:EI’\J
child process BY PID

- BHLER child process M A SR, BREZR
IR

35




Wait_pid Function

pid_t waitpid(pid_t pid,

int *status, 1int options);

* options

- WNOHAN: W8 wait-set RRY{EEFHIZER L :%E

2X1F, ARAIZEMR

O

, IR

O

{EN O

- MREFEFFHEZLENIENREN, EREMER
ARNTIE, XTMEM=EH,

36




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options
- WUNTRACED: %18/ waitpid Fi#iEiE, HE
wait-set FR— P FHIEE ST E R Lo EZHELL
o R[EIBLL L5 BEF1ERITF#7FZ PID .
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Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* options
- WCONTINUED: %R waitpid B9#iZ#EEfc, HEI

wait-set R — P IEEEITHFHIZZA L, SEFRH
EE5PR— 1M FELERHAIZIRE] SIGCONT S E#MHA

VAN
Ho
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Wait_pid Function

pid_t waitpid(pid_t pid,

int *status,

int options);

* options

- WUNTRACED | WNOHANG : ZlhiR[E, MNRERF

E—MELL

SEEFRHRREANKBHRIFIEEELE, NR[o

BRLE, MR

o[iZi#FER PID .

0; WX
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Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* Checking the exit status of a reaped child
- The status argument is non-NULL

- waitpid encodes status information about
the child

* that caused the return in the status argument.

- The wait.h include file defines several
macros

* for interpreting the status argument
40




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFEXITED(status)
- Returns true if the child terminated normally

* via a call to exit or a return.

* WEXITSTATUS(status)

- Returns the exit status of a normally
terminated child.

- This status is only defined if WIFEXITED
returned true.

41




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFSIGNALED(status)

- Returns true if the child process terminated
because of a signal that was not caught

* WTERMSIG(status)

- Returns the number of the signal that caused
the child process to terminate.

- This status is only defined if WIFSIGNALED
returned true.

42




Wait_pid Function

pid_t waitpid(pid_t pid, int *status, int options);

* WIFSTOPPED(status)

- Returns true if the child that caused the
return is currently stopped.

* WSTOPSIG(status)

- Returns the number of the signal that caused
the child to stop.

- This status is only defined if WIFSTOPPED
returned true.

43




Wait_pid Function (Nondeterministic)

ooo~NOOGAO,~,WNER

10
11
12
13

#include "csapp.h"
#define N 2

int main()

{
int status, 1i;
pid_t pid;

/* Parent creates N children */
for (1 = 0; 1 < N; i++)
if ((pid = Fork()) == 0) /* child */
exit(100+1i);

44



Wait_pid Function (Nondeterministic)

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28}

/* Parent reaps N chds. in no particular order */
while ((pid = waitpid(-1, &status, 0)) > 0) {

if (WIFEXITED(status))
printf("child %d terminated normally with exit
status=%d\n", pid, WEXITSTATUS(status));
else
printf("child %d terminated abnormally\n", pid);
}
/* The only normal term. is if there no more chds. */
if (errno != ECHILD)
unix_error("waitpid error");
exit(0);

Recall P33
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Wait_pid Function (Nondeterministic)

unix>./waitpidl
child 22966 terminated normally with exit status=100

child 22967 terminated normally with exit status=101

* There is no reaping order, every one is
equally correct

- Nondeterministic behavior for currency

46



Wait_pid Function (Deterministic)

©Ooo~NOOOG B~ WDNR

#include "csapp.h"
#define N 2

int main()
{
int status, 1i;
pid_t pid[N+1], retpid;

/* Parent creates N children */
for (1 = 0; 1 < N; i++)
if ((pid[i] = Fork()) == 0) /* Child */
exit(100+1i);

/* Parent reaps N children in order */
1= 0;

47



Wait_pid Function (Deterministic)

15 while ((retpid = waitpid(pid[i++], &status, 0)) > 0) {
16 if (WIFEXITED(status))

18 printf("child %d terminated normally with exit

19 status=%d\n", retpid, WEXITSTATUS(status));
20 else

21 printf("child %d terminated abnormally\n", retpid);
22 }

23

24 /* The only normal term. is if there are no more chds. */
25 1if (errno != ECHILD)

26 unix_error("waitpid error");

27

28 exit(0);

29}

48



walit

#include <sys/types.h>
#include <sys/wait.h>
pid_t waitpid(pid_t pid, int *status, int options);
pid_t wait(int *status);
Returns: PID of child if OK, O (if WNOHANG) or -1 on error

« wait(&status) 2 waitpid BIfEI1LRR, BT
- waitpid(-1, &status, 0);

49



IRELRS]

o Consider the following program:
int main() {
int status;
pid_t pid;
printf("Hello\n");
pid = Fork();
printf("%d\n", !pid);
if(pid!'=0){
if (waitpid(-1, &status, 0) > 0) {
if (WIFEXITED(status) != 0)
printf("%d\n", WEXITSTATUS(status)); } }
printf("Bye\n");
exit(2);

A. How many output lines
does this program
generate?

B. What is one possible
ordering of these output

50



HIER

A.  Each time we run this program, it generates six output lines.

B.  The ordering of the output lines will vary from system to system, depending
on the how the kernel interleaves the instructions of the parent and the child.

In general, any topological sort of the following graph is a valid ordering:

gyt REGRE ety ENZEY ey R Bynl Parent process

/
‘‘Hello''

\
—gy, REQEE —ap SEEGH Child process



Putting Process to Sleep

#include <unistd.h>
unsigned int sleep(unsigned int secs);
Returns: seconds left to sleep

int pause(void);
Always returns -1

* sleep
- EE— M #HIE—EATE),
- WMRIERNEIEELEE T, MR[E O ;

- SR ER T EZARBREIRDER
* U sleep FEHH—MESTFHTIL RIRERY, 2R HREBHEAT
FRRTRE.

52




Putting Process to Sleep

#include <unistd.h>
unsigned int sleep(unsigned int secs);
Returns: seconds left to sleep

int pause(void);
Always returns -1

* pause
- HEARREAR, BEIZHERE— M

53




IRELRS]

* Write a wrapper function for sleep, called
snooze, with the following interface:

unsigned int snooze(unsigned int secs);

* The snooze function behaves exactly as
the sleep function, except that it prints a
message describing how long the process
actually slept:

* Slept for 4 of 5 secs.
o (ZyEFsleep AIGEKENE SHERIEIE])

54



HIER

unsigned int snooze(unsigned int secs) {

unsigned int rc = sleep(secs);
printf("Slept for %u of %u secs.\n", secs
- IC, Secs);

return rc;

55



RittfE 5 Fittie

s XHIEFEFFHIES
- Waitpid()
* FHIZFHXHES
- #18 (polling )
* While (getppid() '= 1)
- sleep(1l);

* getppid() :R[EIA#HFZ PID , KA IMR[E]
- PID=1: ?

- WEXKAVEESHESVIH

58



BREMH

o FHIENMXHEZHME—INFRHE
e static void charatatime(char *);
e int main(void) {

- pid_t pid; /[ char at a time
- if((pid=fork()) < 0) { Static void charatatime(char
e err_sys(“fork error”); *str) {
- lelseif (pid == 0) { Char *ptr;
» charatatime(“output form Int c:
child\n”); ’

Setbuf(stdout, NULL);

- }else { RS .
» charatatime(“output form For(gtl’;_Str’tc(jc_t Ptr++)-—0,)
parant\n”); utc(c, stdout);
-} }
- exit(0);
* ) Setbuf(): = buffer 5=:

unbuffered, block buffered, and
line buffered

. 59
http://man7.org/linux/man-pages/man
3/setbuf.3.html


http://man7.org/linux/man-pages/man3/setbuf.3.html
http://man7.org/linux/man-pages/man3/setbuf.3.html

RFFMH

o MIHZER:
- #./a.out
- ooutput from child H 42
- utput from parent ,’E\Z\Eﬁli.&*iﬁ? Fo>R; R->
- #./a.out ¥
- output from child BigEUTE
- output from parent TELL_PARENT(pid_t)

WAIT PARENT() : (B
TELL_CHILD(pid t)
WAIT _CHILD() : fHZE
KB MBS
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int main(void) {

- pid_t pid;

- if((pid=fork()) < 0) {
e err_sys(“fork error”);

}else if (pid == 0) {
e charatatime(“output form child\n”);
e TELL PARANT(getppid());

- t}else {
o WAIT_CHILD();
e charatatime(“output form parant\n”);

-}
- exit(0);
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int main(void) {

pid_t pid;
if((pid=fork()) < 0) {
e err_sys(“fork error”);
}else if (pid == 0) {
o WAIT _PARENTY();
e charatatime(“output form child\n”);
}else {

e charatatime(“output form parant\n”);

o TELL_CHILD(pid);

}
exit(0);
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SEM

NFRIEAREFIER, A $./a.out mH—XEEHRY, B
A THARRITZR, BEMAERT .
$./a.out;./a.out;./a.out

output from parent

ooutput from parent

ouotput from child

put from parent

output from child

utput from child

RRZRTA? BEAEABINERIR? IREFEX, SFA=E
LaA[a]RR?
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RFFMH

* |HI[Xl.

- Shell —17TH1TZ 1<, BXHELER, MHABRIT
1%, FEFHERESHITR.

- &Itk child WEIES S parent FIBENIRZ X

- FENX, FERX
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36

int main(void) {

pid_t pid;
if((pid=fork()) < 0) {

« err_sys(“fork error”);
}else if (pid == 0) {

o WAIT _PARENTY();

o charatatime(“output form child\n”);
« TELL PARENT(getppid());

telse {

o charatatime(“output form parant\n”);

o TELL CHILD(pid);
o WAIT_CHILD();

}
exit(0);

65



Loading and Running

#inc lude <unistd.h>

int execve(const char *filename, const char *argv[],

const char *envp[]);

e | oads and runs does not return if OK, returns -1 on error

A |

- the executable object file filename
- with the argument list argv
- the environment variable list envp.

- returns to the calling program only if there is an error
e such as not being able to find filename.

* The Execve Is called once and never returns

66



Loading and Running

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

argv|[]
argv »argv[o] » "1s"
argV[:.L] \ n_1e"
argvfargc-1]
NULL \\\\\\\\‘"/usr/include"
envp| ]
envp »envp[O] » "PWD=/usr/droh"

envpll ,
PL1] | "PRINTER=iron"

envp[n-1]
NULL \\\\\\\\» "USER=droh"




The user stack when a new program starts

AL
**anviron; \l/
main ( )
' o :1-:-Ilillla r—.;
for{var=environ;*var!=
D environ
printt( . Fvar); (TR )
return ; envp
(FERF AR srdxd )
ALGV = e g.'.'.'.',; o
(EFHarsrsif)
argc
(FEBAEE s rdith) libc_start mainpfki
A

ma 1 n B A 3F A% i




Loading and Running

#include <unistd.h>

char *getenv(const char *name);

Returns: ptr to name if exists, NULL if no match.

int setenv(const char *name, const char *newvalue,

int overwrite);

Returns: 0 on success, -1 on error.

void unsetenv(const char *name);

Returns: nothing.

69




Exec

1 #include <stdio.h> prompt> ./p3

2 #include <stdlib.h> hello world (pid:29383)

3 #include <unistd.h> hello, I am child (pid:29384)

4 #include <string.h> 29 107 1030 p3.c

5 #include <sys/wait.h> hello, I am parent of 29384 (wc:29384) (pid:29383)
6 prompt>

7 int

8 main (int argc, char xargv[])

9 {

10 printf("hello world (pid:%d)\n", (int) getpid());

11 int rc = fork(); . S— N e
" if (re < 0) { // fork failed; exit we ZEITSFFBITE. FEL FTH
13 fprintf (stderr, "fork failed\n"); _/|\$%EZA=‘E__'Xj9EE§E\ E;M%E‘Z?ﬁh'
14 exit (1); FRDBHNF T

15 } else if (rc == 0) { // child (new process)

16 printf ("hello, I am child (pid:%d)\n", (int) getpid());

17 char *myargs[3];

18 myargs [0] = strdup ("wc"); // program: "wc" (word count)

19 myargs[1l] = strdup("p3.c"); // argument: file to count

20 myargs[2] = NULL; // marks end of array

21 execvp (myargs[0], myargs); // runs word count

22 printf ("this shouldn’t print out");

23 } else { // parent goes down this path (main)

24 int wec = wait (NULL) ;

25 printf ("hello, I am parent of %d (wc:%d) (pid:%d)\n",

26 rc, wc, (int) getpid());

27 } 70

28 return 0;

N
O
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Why? Motivating the API

771‘|‘A“’ ] fork 1 exec FIZH & RO HIE?

AFNFEXE Unix Shell
* Shell #i2 (R#HFE) 7% fork H—1F#Hiz
. fﬁ)ﬁ?i&ﬁ exec MITHPBWANGS /| EF
Ktz wait , BEIFHEESER (RIIRIRET)
HIEAR wait , ATUBRESIANEMSHS (EREIN & )
- ﬁ'ﬁﬁ Be IS R /R [n] @R

e [H Labl: E— 1 B3/ Shell 12F, ZiU\Fie
fork 1 exec
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Unix Shell

* An interactive application-level program
that

- runs other program on behalf of the user
* Variants: sh, csh, tcsh, ksh, bash
* Performs a sequence of read/evaluate
steps and terminate

- Read: reads a command line from the user

- Evaluate: parses the command line and runs
programs on behalf of the user

72



/* The main routine for a simple shell program */
#include "csapp.h"
#define MAXARGS 128

/* function prototypes */

void eval(char*cmdline);

int parseline(const char *cmdline, char **argv);
int builtin_command(char **argv);

0O NOoO OO~ WOWODNR



9 1int main()

10 {

11 char cmdline[MAXLINE]; /* command Lline */
12

13 while (1) {

14 /* read */

15 printf("> ");

16 Fgets(cmdline, MAXLINE, stdin);
17 if (feof(stdin))

18 exit(0);

19

20 /* evaluate */

21 eval(cmdline);

22 }

23 }



© 0O N OO G~ WD PR

/* eval - evaluate a command line */

void eval(char *cmdline)

{
char *argv[MAXARGS]; /* argv for execve() */
char buf[MAXLINE]; /* holds modified cmd line */
int bg; /* should the job run in bg or fg? */
pid_t pid; /* process id */

strcpy(buf, cmdline);
bg = parseline(buf, argv);
if (argv[0] == NULL)
return; /* ignore empty lines */



Parsing command line

* Parse the space separated command-line
arguments

* Builds the argv vector
- which will eventually be passed to execve
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/* parse the cmd line and build the argv array */
int parseline(const char *cmdline, char **argv)
{

char *delim; /* first space delimiter */

int argc; /* number of args */

int bg; /* background job? */
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buf[strlen(buf)-1] = ' ’;

/* replace trailing ‘'\n’ with space */

12 while (*buf && (*buf == " ")) /* ignore spaces */
13 buf++;

14



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30 }

/* build the argv list */
argc = 0;
while ((delim = strchr(buf, " "))) {
argv[argc++] = buf;
*delim = "\0’; /* replace space with "\0"*/
buf = delim + 1;
while (*buf && (*buf == " ")) /* ignore spaces */
buf++;

}
argv[argc] = NULL; /* set the end of argv list */

if (argc == 0) /* ignore blank line */
return 1;

/* should the job run in the background? */

if ((bg = (*argv[argc-1] == '&’')) != 0)
argv[--argc] = NULL;

return bg;



Parsing command line

* The first argument is assumed to be

- either the name of a built-in shell command
* that is interpreted immediately

- or an executable object file

* that will be loaded and run in the context of
a new child process
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14
15
16
17
18
19
20
21

if (!'builtin_command(argv)) {
if ((pid = Fork()) 0) { /* execute 1in child */

if (execve(argv[0], argv, environ) < 0) {
printf("%s: Command not found.\n", argv[0]);

exit(0);



builtin_command

34 /* if 1st arg is a builtin command,
run it and return true */

35 int builtin_command(char **argv)

36 {

37 if (!strcmp(argv[0], "quit")) /* quit command */

38 exit(0);

39 if (!strcmp(argv[0], "&")) /* ignore singleton & */
40 return 1,;

41 return 0; /* not a builtin command */

42 }



Foreground and Background

* If the last argument is a “&” character
- parseline returns 1

- indicating the program should be executed in
the background

(the shell returns to the top of the loop and waits for the
next command)

* Otherwise
- parseline returns O

- Indicating the program should be run in the
foreground
(the shell waits for it to complete)
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22 /* parent waits for foreground job to terminate */

23 if (!'bg) { /* foreground */

24 int status;

25 if (waitpid(pid, &status, 0) < 0)

26 unix_error("waitfg: waitpid error");
27 }

28 else

29 printf("%d %s", pid, cmdline);

30 }

31 return;
32 }
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