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!  2&6"%8(44&W%open(filename, options)%
!  !).8=#.%open%6768)'6&%&5&'6$%8(44%3.&'")8=#.%int 

!  NO%$)&'%b.,%#"%8"6('6%b46/%C6'%3'%"6(,5%<#"%"6(,3.C%#"%-"3=.C%
!  a6')".&%3.'6C6"%b46%,6&8"3*'#"%

0804d070 <__libc_open>: 
 . . . 
 804d082:  cd 80                 int    $0x80 
 804d084:  5b                    pop    %ebx 
 . . . 
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int a[1000]; 
main () 
{ 
    a[500] = 13; 
} 

 80483b7:  c7 05 10 9d 04 08 0d  movl   $0xd,0x8049d10 
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!  2&6"%*"#86&&%673'&%-3'+%D&6C$6.'(=#.%<()4'F%

int a[1000]; 
main () 
{ 
    a[5000] = 13; 
} 

 80483b7:  c7 05 60 e3 04 08 0d  movl   $0xd,0x804e360 
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!  int fork(void)*

!  8"6('6&%(%.6-%*"#86&&%98+34,%*"#86&&:%'+('%3&%3,6.=8(4%%
'#%'+6%8(443.C%*"#86&&%9*("6.'%*"#86&&:%

!  "6')".&%Y%'#%'+6%8+34,%*"#86&&%
!  "6')".&%8+34,?&%*"#86&&%V`%9pid:%'#%'+6%*("6.'%*"#86&&%

!  :+&[*#'*#"(%&%'7"0*S."2*+j%"*5+",C'#"0U*Z%5.C'%**

#(*#'*5.88%2**+&3)ZC(*&%(C&"'*,/%&3)

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

9=3>?@*A*BC(CD"*EF@F* @ *̂
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!"2%&'(."2#"0*,+&[*

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

!-*&3$$)+)
pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

C"%(:)!-*&3$$)2)

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

6#2*\*D*

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

6#2*\*F*

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

pid_t pid = fork(); 
if (pid == 0) { 
   printf("hello from child\n"); 
} else {  
   printf("hello from parent\n"); 
} 

hello from parent hello from child G"%&")*+3)%$)H-$,I)
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void fork1() 
{ 
    int x = 1; 
    pid_t pid = fork(); 
    if (pid == 0) { 

 printf("Child has x = %d\n", ++x); 
    } else { 

 printf("Parent has x = %d\n", --x); 
    } 
    printf("Bye from process %d with x = %d\n", getpid(), x); 
} 

!  <.&%"(*."2*5/#82*Z+(/*&C"*'.D%*5+2%*

!  `3&=.C)3&+%*("6.'%<"#$%8+34,%A5%"6')".%I(4)6%<"#$%fork 

!  =(.&(*;#(/*'.D%*'(.(%W*ZC(*%.5/*/.'*6&#$.(%*5+6)*

!  V.84),3.C%&+("6,%#)'*)'%b46%,6&8"3*'#"%
!  a64(=I6%#",6"3.C%#<%'+63"%*"3.'%&'('6$6.'&%).,6b.6,%
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void fork2() 
{ 
    printf("L0\n"); 
    fork(); 
    printf("L1\n");     
    fork(); 
    printf("Bye\n"); 
} 

!  l+(/*6.&%"(*."2*5/#82*5."*5+"7"C%*,+&[#"0*

L0 L1 

L1 

Bye 
Bye 

Bye 
Bye 
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!  l+(/*6.&%"(*."2*5/#82*5."*5+"7"C%*,+&[#"0*

void fork3() 
{ 
    printf("L0\n"); 
    fork(); 
    printf("L1\n");     
    fork(); 
    printf("L2\n");     
    fork(); 
    printf("Bye\n"); 
} L1 L2 

L2 

Bye 
Bye 

Bye 
Bye 

L1 L2 

L2 

Bye 
Bye 

Bye 
Bye 

L0 
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!  l+(/*6.&%"(*."2*5/#82*5."*5+"7"C%*,+&[#"0*

void fork4() 
{ 
    printf("L0\n"); 
    if (fork() != 0) { 

 printf("L1\n");     
 if (fork() != 0) { 
     printf("L2\n"); 
     fork(); 
 } 

    } 
    printf("Bye\n"); 
} 

L0 L1 

Bye 

L2 

Bye 

Bye 
Bye 
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!  l+(/*6.&%"(*."2*5/#82*5."*5+"7"C%*,+&[#"0*

void fork5() 
{ 
    printf("L0\n"); 
    if (fork() == 0) { 

 printf("L1\n");     
 if (fork() == 0) { 
     printf("L2\n"); 
     fork(); 
 } 

    } 
    printf("Bye\n"); 
} 

L0 Bye 

L1 

Bye 

Bye 

Bye 

L2 
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exitJ*3"2#"0*.*6&+5%''*
!  void exit(int status)*

!  673'&%(%*"#86&&%
!  j#"$(445%"6')".%-3'+%&'(')&%Y%

!  atexit()*"6C3&'6"&%<).8=#.&%'#%A6%6768)'6,%)*#.%673'%

void cleanup(void) { 
   printf("cleaning up\n"); 
} 

void fork6() { 
   atexit(cleanup); 
   fork(); 
   exit(0); 
} 
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!  L2%.*

!  m+6.%*"#86&&%'6"$3.('6&/%&=44%8#.&)$6&%&5&'6$%"6&#)"86&%

!  n("3#)&%'(A46&%$(3.'(3.6,%A5%NO%
!  0(446,%(%DJ#$A36F%

!  >+('%3&/%(%43I3.C%8#"*&6/%+(4<%(43I6%(.,%+(4<%,6(,%

!  b%.6#"0*

!  16"<#"$6,%A5%*("6.'%#.%'6"$3.('6,%8+34,%9'6""3A46%.#$6.84(')"6o:%
!  1("6.'%3&%C3I6.%673'%&'(')&%3.<#"$(=#.%

!  p6".64%,3&8(",&%*"#86&&%
!  -/.(*#,*6.&%"(*2+%'"n(*&%.6g*

!  V<%(.5%*("6.'%'6"$3.('6&%-3'+#)'%"6(*3.C%(%8+34,/%'+6.%8+34,%-344%A6%
"6(*6,%A5%init%*"#86&&%

!  O#/%#.45%.66,%67*4383'%"6(*3.C%3.%4#.CE")..3.C%*"#86&&6&%
!  6MCM/%&+644&%(.,%&6"I6"&%
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linux> ./forks 7 & 
[1] 6639 
Running Parent, PID = 6639 
Terminating Child, PID = 6640 
linux> ps 
  PID TTY          TIME CMD 
 6585 ttyp9    00:00:00 tcsh 
 6639 ttyp9    00:00:03 forks 
 6640 ttyp9    00:00:00 forks <defunct> 
 6641 ttyp9    00:00:00 ps 
linux> kill 6639 
[1]    Terminated 
linux> ps 
  PID TTY          TIME CMD 
 6585 ttyp9    00:00:00 tcsh 
 6642 ttyp9    00:00:00 ps 

m+DZ#%*

34.D68%*

!  ps%&+#-&%8+34,%*"#86&&%(&%
D,6<).8'F%

!  p3443.C%*("6.'%(44#-&%8+34,%'#%A6%
"6(*6,%A5%init 

void fork7() 
{ 
    if (fork() == 0) { 

 /* Child */ 
 printf("Terminating Child, PID = %d\n", 
        getpid()); 
 exit(0); 

    } else { 
 printf("Running Parent, PID = %d\n", 
        getpid()); 
 while (1) 
     ; /* Infinite loop */ 

    } 
} 

9=3>?@*A*BC(CD"*EF@F* E]*



!"#$%&'#()*+,*-.'/#"0(+"*

linux> ./forks 8 
Terminating Parent, PID = 6675 
Running Child, PID = 6676 
linux> ps 
  PID TTY          TIME CMD 
 6585 ttyp9    00:00:00 tcsh 
 6676 ttyp9    00:00:06 forks 
 6677 ttyp9    00:00:00 ps 
linux> kill 6676 
linux> ps 
  PID TTY          TIME CMD 
 6585 ttyp9    00:00:00 tcsh 
 6678 ttyp9    00:00:00 ps 

i+"A(%&D#".7"0*

9/#82*34.D68%*

!  0+34,%*"#86&&%&=44%(8=I6%6I6.%'+#)C+%
*("6.'%+(&%'6"$3.('6,%

!  f)&'%G344%67*4383'45/%#"%64&6%-344%G66*%
")..3.C%3.,6b.3'645%

void fork8() 
{ 
    if (fork() == 0) { 

 /* Child */ 
 printf("Running Child, PID = %d\n", 
        getpid()); 
 while (1) 
     ; /* Infinite loop */ 

    } else { 
 printf("Terminating Parent, PID = %d\n", 
        getpid()); 
 exit(0); 

    } 
} 

9=3>?@*A*BC(CD"*EF@F* E *̂

!"#$%&'#()*+,*-.'/#"0(+"*

waitJ*=)"5/&+"#o#"0*;#(/*9/#82&%"*
!  int wait(int *child_status)*

!  &)&*6.,&%8)""6.'%*"#86&&%).=4%#.6%#<%3'&%8+34,"6.%'6"$3.('6&%

!  "6')".%I(4)6%3&%'+6%pid%#<%'+6%8+34,%*"#86&&%'+('%'6"$3.('6,%
!  3<%child_status*!= NULL/%'+6.%'+6%#AX68'%3'%*#3.'&%'#%-344%A6%&6'%

'#%(%&'(')&%3.,38(=.C%-+5%'+6%8+34,%*"#86&&%'6"$3.('6,%

9=3>?@*A*BC(CD"*EF@F* E_*



!"#$%&'#()*+,*-.'/#"0(+"*

waitJ*=)"5/&+"#o#"0*;#(/*9/#82&%"*
void fork9() { 
   int child_status;   

   if (fork() == 0) { 
      printf("HC: hello from child\n"); 
   } 
   else { 
      printf("HP: hello from parent\n"); 
      wait(&child_status); 
      printf("CT: child has terminated\n"); 
   } 
   printf("Bye\n"); 
   exit(); 
} 

HP 

HC Bye 

CT Bye 

9=3>?@*A*BC(CD"*EF@F* E *̀

!"#$%&'#()*+,*-.'/#"0(+"*

wait()*34.D68%*

!  V<%$)4=*46%8+34,"6.%8#$*46'6,/%-344%'(G6%3.%("A3'"("5%#",6"%

!  0(.%)&6%$(8"#&%mV!KqV>K`%(.,%mKqV>O>_>2O%'#%C6'%3.<#"$(=#.%(A#)'%
673'%&'(')&%

void fork10() 
{ 
    pid_t pid[N]; 
    int i; 
    int child_status; 
    for (i = 0; i < N; i++) 

 if ((pid[i] = fork()) == 0) 
     exit(100+i); /* Child */ 

    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); 

    } 
} 

9=3>?@*A*BC(CD"*EF@F* >F*



!"#$%&'#()*+,*-.'/#"0(+"*

waitpid()J*-.#7"0*,+&*.*=6%5#f5*<&+5%'' 

!  waitpid(pid, &status, options) 
!  &)&*6.,&%8)""6.'%*"#86&&%).=4%&*683b8%*"#86&&%'6"$3.('6&%

!  I("3#)&%#*=#.&%9'+('%-6%-#.?'%'(4G%(A#)':%
void fork11() 
{ 
    pid_t pid[N]; 
    int i; 
    int child_status; 
    for (i = 0; i < N; i++) 

 if ((pid[i] = fork()) == 0) 
     exit(100+i); /* Child */ 

    for (i = 0; i < N; i++) { 
 pid_t wpid = waitpid(pid[i], &child_status, 0); 
 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); 

    } 

9=3>?@*A*BC(CD"*EF@F* >@*

!"#$%&'#()*+,*-.'/#"0(+"*

execve:*P+.2#"0*."2*bC""#"0*<&+0&.D'*

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

!  P+.2'*."2*&C"'*

!  K768)'(A46%filename 
!  m3'+%("C)$6.'%43&'%argv 
!  _.,%6.I3"#.$6.'%I("3(A46%list envp 

!  e+%'*"+(*&%(C&"*SC"8%''*%&&+&U*

!  T$%&;&#(%'*6&+5%''W*[%%6'*6#2*

!  3"$#&+"D%"(*$.&#.Z8%'J*

!  D.($6rI(4)6F%&'"3.C&%

j)44E'6"$3.('6,%
6.I3"#.$6.'%
I("3(A46%&'"3.C&%

).)&6, 

j)44E'6"$3.('6,%
8#$$(.,43.6%
("C%&'"3.C&%

6.I*s.t%r%j2kk 
6.I*s.ETt 

6.I*sYt 
u 

k3.G6"%I("& 

("CIs("C8t%r%j2kk 
("CIs("C8ETt 

("CIsYt 
u 

6.I* 

("C8 
("CI 

9,'&F)
0xbfffffff 

9=3>?@*A*BC(CD"*EF@F* >E*



!"#$%&'#()*+,*-.'/#"0(+"*

execve:*34.D68%*

6.I*s.t%r%j2kk 
6.I*s.ETt 

6.I*sYt 
u 

("CIs("C8t%r%j2kk 
("CIs("C8ETt 

("CIsYt 
u 

“ls” 
“-l” 
“/usr/include” 

“USER=perkins” 
“PRINTER=ps541” 
“PWD=/homes/iws/perkins” 

9=3>?@*A*BC(CD"*EF@F* >>*

!"#$%&'#()*+,*-.'/#"0(+"*

execl ."2 exec*:.D#8)*

!  int execl(char *path, char *arg0, char *arg1, …, 0)*

!  P+.2'*."2*&C"'*%4%5C(.Z8%*.(*path*;#(/*.&0'*arg0W*arg1W*I*
!  path%3&%'+6%8#$*46'6%*('+%#<%(.%6768)'(A46%#AX68'%b46%
!  B5%8#.I6.=#./ arg0*3&%'+6%.($6%#<%'+6%6768)'(A46%#AX68'%b46%

!  Da6(4F%("C)$6.'&%'#%'+6%*"#C"($%&'("'%-3'+%arg1/%6'8M%
!  k3&'%#<%("C&%3&%'6"$3.('6,%A5%(%(char *)0*("C)$6.'%

!  K.I3"#.$6.'%'(G6.%<"#$%char **environ/%-+38+%*#3.'&%'#%(.%(""(5%
#<%D.($6rI(4)6F%&'"3.C&W%

!  2OKar*6"G3.&%
!  kNdj_fKr*6"G3.&%

!  ]NfKrZ+#$6&Z3-&Z*6"G3.&%

!  b%(C&"'*-1*#,*%&&+&W**,"3-/%$3):*3$+J,)-3,=-+p*
!  :.D#8)*+,*,C"57+"'*#"58C2%' execv, execve*SZ.'%*

,C"57+"UW execvp, execlW**execleW*."2*execlp 
9=3>?@*A*BC(CD"*EF@F* >R*



!"#$%&'#()*+,*-.'/#"0(+"*

=CDD.&)*

!  345%67+"'*

!  KI6.'&%'+('%"6;)3"6%.#.E&'(.,(",%8#.'"#4%L#-%
!  d6.6"('6,%67'6".(445%93.'6"")*'&:%#"%3.'6".(445%9'"(*&%(.,%<()4'&:%

!  <&+5%''%'*

!  _'%(.5%C3I6.%=$6/%&5&'6$%+(&%$)4=*46%(8=I6%*"#86&&6&%
!  N.45%#.6%8(.%6768)'6%('%(%=$6/%+#-6I6"/%

!  K(8+%*"#86&&%(**6("&%'#%+(I6%'#'(4%8#.'"#4%#<%%
'+6%*"#86&&#"%v%+(&%(%*"3I('6%$6$#"5%&*(86%

9=3>?@*A*BC(CD"*EF@F* >?*

!"#$%&'#()*+,*-.'/#"0(+"*

=CDD.&)*S5+"(n2U*

!  =6.;"#"0*6&+5%''%'*

!  0(44%'#%fork 
!  N.6%8(44/%'-#%"6')".&%

!  <&+5%''*5+D68%7+"*

!  0(44%exit 
!  N.6%8(44/%.#%"6')". 

!  b%.6#"0*."2*;.#7"0*,+&*<&+5%''%'*

!  0(44%wait%#"%waitpid 
!  P+.2#"0*."2*&C""#"0*<&+0&.D'*

!  0(44%execl 9#"%I("3(.':%
!  N.6%8(44/%9.#"$(445:%.#%"6')". 

9=3>?@*A*BC(CD"*EF@F* >]*


