
Exceptional Control Flow 
Part II 

Nov. 2, 2009"



– 2 –!

Unix Startup: Step 2"
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ECF Exists at All Levels of a System"

Previous Lecture"

This Lecture"



– 4 –!

The World of Multitasking"
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Programmerʼs Model of Multitasking"
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Unix Process Hierarchy"

Login shell"

Child"Child"Child"

Grandchild"Grandchild"
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Unix Startup: Step 1"

init [1] 

[0] Process 0: handcrafted kernel process"

Child process 1 execs /sbin/init"

1. Pushing reset button loads the PC with the address of a small "
    bootstrap program."
2. Bootstrap program loads the boot block (disk block 0)."
3. Boot block program loads kernel binary (e.g., /boot/vmlinux)"
4. Boot block program passes control to kernel."
5. Kernel handcrafts the data structures for process 0."

Process 0 forks child process 1"
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Unix Startup: Step 3"

init [1] 

[0] 

The getty process 
execs a login 
program"

login 
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Unix Startup: Step 4"

init [1] 

[0] 

login reads login and passwd."
if OK, it execs a shell.!
if not OK, it execs another getty 

tcsh 
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Shell Programs"

int main()  
{ 
    char cmdline[MAXLINE];  

    while (1) { 
 /* read */ 
 printf("> ");                    
 Fgets(cmdline, MAXLINE, stdin);  
 if (feof(stdin)) 
     exit(0); 

 /* evaluate */ 
 eval(cmdline); 

    }  
} 
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Simple Shell eval Function"
void eval(char *cmdline)  
{ 
    char *argv[MAXARGS]; /* argv for execve() */ 
    int bg;              /* should the job run in bg or fg? */ 
    pid_t pid;           /* process id */ 

    bg = parseline(cmdline, argv);  
    if (!builtin_command(argv)) {  

 if ((pid = Fork()) == 0) {   /* child runs user job */ 
     if (execve(argv[0], argv, environ) < 0) { 
  printf("%s: Command not found.\n", argv[0]); 
  exit(0); 
     } 
 } 

 if (!bg) {   /* parent waits for fg job to terminate */ 
           int status; 

     if (waitpid(pid, &status, 0) < 0) 
  unix_error("waitfg: waitpid error"); 
 } 
 else         /* otherwise, don’t wait for bg job */ 
     printf("%d %s", pid, cmdline); 

    } 
} 
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Problem with Simple Shell Example"
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Signals"
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Signal Concepts ""
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Signal Concepts (cont)"
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Signal Concepts (cont)"
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Signal Concepts ""
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Process Groups"
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Sending Signals with kill Program"

linux> ./forks 16  
linux> Child1: pid=24818 pgrp=24817  
Child2: pid=24819 pgrp=24817  

linux> ps  
  PID TTY          TIME CMD  
24788 pts/2    00:00:00 tcsh  
24818 pts/2    00:00:02 forks  
24819 pts/2    00:00:02 forks  
24820 pts/2    00:00:00 ps  
linux> kill -9 -24817  
linux> ps   
  PID TTY          TIME CMD  
24788 pts/2    00:00:00 tcsh  
24823 pts/2    00:00:00 ps  
linux>  
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Sending Signals from the Keyboard"
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Example of ctrl-c and ctrl-z 

linux> ./forks 17  
Child: pid=24868 pgrp=24867  
Parent: pid=24867 pgrp=24867  
 <typed ctrl-z> 
Suspended  
linux> ps a  
  PID TTY      STAT   TIME COMMAND  
24788 pts/2    S      0:00 -usr/local/bin/tcsh -i  
24867 pts/2    T      0:01 ./forks 17  
24868 pts/2    T      0:01 ./forks 17  
24869 pts/2    R      0:00 ps a  
bass> fg  
./forks 17  
<typed ctrl-c>  
linux> ps a  
  PID TTY      STAT   TIME COMMAND  
24788 pts/2    S      0:00 -usr/local/bin/tcsh -i  
24870 pts/2    R      0:00 ps a  
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Sending Signals with kill Function"
void fork12() 
{ 
    pid_t pid[N]; 
    int i, child_status; 
    for (i = 0; i < N; i++) 

 if ((pid[i] = fork()) == 0) 
     while(1); /* Child infinite loop */ 

    /* Parent terminates the child processes */ 
    for (i = 0; i < N; i++) { 

 printf("Killing process %d\n", pid[i]); 
 kill(pid[i], SIGINT); 

    } 

    /* Parent reaps terminated children */ 
    for (i = 0; i < N; i++) { 

 pid_t wpid = wait(&child_status); 
 if (WIFEXITED(child_status)) 
     printf("Child %d terminated with exit status %d\n", 
     wpid, WEXITSTATUS(child_status)); 
 else 
     printf("Child %d terminated abnormally\n", wpid); 

    } 
} 
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Receiving Signals"
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Default Actions"
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Installing Signal Handlers"
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Signal Handling Example"
void int_handler(int sig) 
{ 
    printf("Process %d received signal %d\n",  
            getpid(), sig); 
    exit(0); 
} 

void fork13() 
{ 
    pid_t pid[N]; 
    int i, child_status; 
    signal(SIGINT, int_handler); 

    . . . 
} 

linux> ./forks 13  
Killing process 24973  
Killing process 24974  
Killing process 24975  
Killing process 24976  
Killing process 24977  
Process 24977 received signal 2  
Child 24977 terminated with exit status 0  
Process 24976 received signal 2  
Child 24976 terminated with exit status 0  
Process 24975 received signal 2  
Child 24975 terminated with exit status 0  
Process 24974 received signal 2  
Child 24974 terminated with exit status 0  
Process 24973 received signal 2  
Child 24973 terminated with exit status 0  
linux>  



– 27 –!

Signal Handler Funkiness"

int ccount = 0; 
void child_handler(int sig) 
{ 
    int child_status; 
    pid_t pid = wait(&child_status); 
    ccount--; 
    printf("Received signal %d from process %d\n",  
           sig, pid); 
} 

void fork14() 
{ 
    pid_t pid[N]; 
    int i, child_status; 
    ccount = N; 
    signal(SIGCHLD, child_handler); 
    for (i = 0; i < N; i++) 

 if ((pid[i] = fork()) == 0) { 
     /* Child: Exit */ 
     exit(0); 
 } 

    while (ccount > 0) 
 pause();/* Suspend until signal occurs */ 

} 



– 28 –!

Living With Nonqueuing Signals"

void child_handler2(int sig) 
{ 
    int child_status; 
    pid_t pid; 
    while ((pid = wait(&child_status)) > 0) { 

 ccount--; 
 printf("Received signal %d from process %d\n", sig, 

pid); 
    } 
} 

void fork15() 
{ 
    . . . 
    signal(SIGCHLD, child_handler2); 
    . . . 
} 
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A Program That Reacts to 
Externally Generated Events (ctrl-c)"

#include <stdlib.h>  
#include <stdio.h>  
#include <signal.h>  

void handler(int sig) {  
  printf("You think hitting ctrl-c will stop the bomb?\n");  
  sleep(2);  
  printf("Well...");  
  fflush(stdout);  
  sleep(1);  
  printf("OK\n");  
  exit(0);  
}  

main() {  
  signal(SIGINT, handler); /* installs ctl-c handler */ 
  while(1) {  
  }  
}  
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A Program That Reacts to Internally 
Generated Events"
#include <stdio.h>  
#include <signal.h>  

int beeps = 0;  

/* SIGALRM handler */ 
void handler(int sig) {  
  printf("BEEP\n");  
  fflush(stdout);  

  if (++beeps < 5)    
    alarm(1);  
  else {  
    printf("BOOM!\n");  
    exit(0);  
  }  
}  

main() {  
  signal(SIGALRM, handler);   
  alarm(1); /* send SIGALRM in 
               1 second */ 

  while (1) {  
    /* handler returns here */  
  }  
}  

linux> a.out   
BEEP  
BEEP  
BEEP  
BEEP  
BEEP  
BOOM!  
bass>  
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Nonlocal Jumps: setjmp/longjmp 
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setjmp/longjmp (cont)"
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setjmp/longjmp Example"

#include <setjmp.h> 
jmp_buf buf; 

main() { 
   if (setjmp(buf) != 0) { 
      printf("back in main due to an error\n"); 
   else 
      printf("first time through\n"); 
   p1(); /* p1 calls p2, which calls p3 */ 
}  
... 
p3() { 
   <error checking code> 
   if (error) 
      longjmp(buf, 1) 
}    
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Putting It All Together: A Program  
That Restarts Itself When ctrl-cʼd"
#include <stdio.h>  
#include <signal.h>  
#include <setjmp.h>  

sigjmp_buf buf;  

void handler(int sig) {  
  siglongjmp(buf, 1);  
}  

main() {  
  signal(SIGINT, handler);  

  if (!sigsetjmp(buf, 1))   
    printf("starting\n");  
  else   
    printf("restarting\n");  

while(1) {  
    sleep(1);  
    printf("processing...\n");  
  }  
}  

bass> a.out 
starting 
processing... 
processing... 
restarting 
processing... 
processing... 
processing... 
restarting 
processing... 
restarting 
processing... 
processing... 

Ctrl-c"

Ctrl-c"

Ctrl-c"
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Limitations of Nonlocal Jumps"

jmp_buf env; 

P1() 
{ 
  if (setjmp(env)) { 
    /* Long Jump to here */ 
  } else { 
    P2(); 
  } 
} 

P2() 
{  . . . P2(); . . . P3(); } 

P3() 
{ 
  longjmp(env, 1); 
} 

P1 

P2 

P2 

P2 

P3 

env 
P1 

Before longjmp"

After longjmp"
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Limitations of Long Jumps (cont.)"

jmp_buf env; 

P1() 
{ 
  P2(); P3(); 
} 

P2() 
{ 
   if (setjmp(env)) { 
    /* Long Jump to here */ 
  } 
} 

P3() 
{ 
  longjmp(env, 1); 
} 

env 

P1 

P2 

At setjmp"

P1 

P3 
env 

At longjmp"

X"

P1 

P2 

P2 returns"

env 
X"
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Summary"


