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

1+2.)*

!  !"#$"#%&!"#$%&#'()*&""#)+##
*),,&*-./#0.1#'()*"#"#%&20(!)3"#'!&*&"#)+#*)1&#45)13,&"6#$%0$#
507&#3'#0#+,(%,-)&4*)1&#0.1#10$06##
!.$)#0#"!./,&#8,&#$%0$#9&#.(-/0/&4*)'!&16#!.$)#5&5)(:#0.1#
010'230/&

!  ;!.7&("#0(&#'()/(05"#$%0$#1)#$%&#,!.7!./#

345678*9*:;(;<"*=>8>* 8*

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

-/)*?#"@%&'A*BC&+0&.<'*(/.(*2+*(/%*D#"@#"0E*

!  F+2;D.&#()G*
!  <()/(05#*0.#9&#=(!>&.#0"#0#*),,&*-).#)+#"50,,&(#")3(*&#8,&"?#(0$%&(#

$%0.#).&#5).),!$%!*#50""#

!  @0.#93!,1#,!9(0(!&"#)+#*)55).#+3.*-)."#45)(&#).#$%!"#,0$&(6#

!  &A/A?#50$%#,!9(0(:?#"$0.10(1#@#,!9(0(:#

!  5HI#%"I)G*1#<%J*4%C.&.(%*3+<C#D.K+"*
!  @%0./&#).&#")3(*&#8,&?#*)5'!,&?#0.1#$%&.#(&,!.7#

!  B)#.&&1#$)#(&*)5'!,&#)$%&(#")3(*&#8,&"#

!  5HI#%"I)G*4C.I%J*?#L&.&#%'**
!  @)55).#+3.*-)."#*0.#9&#0//(&/0$&1#!.$)#0#"!./,&#8,&#

!  C&$#&D&*3$09,&#8,&"#0.1#(3..!./#5&5)(:#!50/&"#*).$0!.#).,:#*)1&#
+)(#$%&#+3.*-)."#$%&:#0*$30,,:#3"&#

345678*9*:;(;<"*=>8>* =*



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

5M.<CD%*3*N&+0&.<*

int buf[2] = {1, 2}; 

int main()  
{ 
  swap(); 
  return 0; 
}  

main.c swap.c 

extern int buf[];  

static int *bufp0 = &buf[0]; 
static int *bufp1; 

void swap() 
{ 
  int temp; 

  bufp1 = &buf[1]; 
  temp = *bufp0; 
  *bufp0 = *bufp1; 
  *bufp1 = temp; 
} 

345678*9*:;(;<"*=>8>* 6*

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

4(.KI*?#"@#"0*

!  N&+0&.<'*.&%*(&."'D.(%2*."2*D#"@%2*;'#"0*.*!"#$%&'()*(%+'(J*
unix> gcc -O2 -g -o p main.c swap.c 
unix> ./p 

?#"@%&*BD2E*

1&."'D.(+&'*
(cpp,cc1,as) 

main.c 

main.o 

1&."'D.(+&'*
(cpp,cc1,as) 

swap.c 

swap.o 

p 

,"-(!').&'/)

,'$0(01'&2)!"#$%&'*)
('3&"!0104&')"45'!1).&'/)

6-&&2)&%78'*)'9'!-104&')"45'!1).&')
:!"710%7/)!"*')07*)*010);"()0&&);-7!<"7/)
*'.7'*)%7)#0%7=!)07*)/>0$=!?)

345678*9*:;(;<"*=>8>* O*



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

-/.(*P+*?#"@%&'*P+A*

!  4(%C*8J*4)<L+D*&%'+D;K+"*
!  <()/(05"#1&8.&#0.1#(&+&(&.*&#45)*(.4#420(!09,&"#0.1#+3.*-)."6E#

!  void swap() {…}   /* define symbol swap */ 
!  swap();           /* reference symbol swap */ 
!  int *xp = &x;     /* define xp, reference x */ 

!  F:59),#1&8.!-)."#0(&#"$)(&1#49:#$%&#*)5'!,&(6#!.#0#45)*(.&3-*.0#

!  F:59),#$09,&#!"#0.#0((0:#)+#"$(3*$"#

!  G0*%#&.$(:#!.*,31&"#.05&?#$:'&?#"!H&?#0.1#,)*0-).#)+#":59),#

!  ;!.7&(#0"")*!0$&"#&0*%#":59),#(&+&(&.*&##
=!$%#&D0*$,:#).&#":59),#1&8.!-).#

345678*9*:;(;<"*=>8>* 7*

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

-/.(*P+*?#"@%&'*P+A*BI+"(QE*

!  4(%C*=J*R%D+I.K+"*
!  I&(/&"#"&'0(0$&#*)1&#0.1#10$0#"&*-)."#!.$)#"!./,&#"&*-)."#

!  J&,)*0$&"#":59),"#+()5#$%&!(#(&,0-2&#,)*0-)."#!.#$%&#A)#8,&"#$)#$%&!(#
8.0,#09"),3$&#5&5)(:#,)*0-)."#!.#$%&#&D&*3$09,&#

!  K'10$&"#0,,#(&+&(&.*&"#$)#$%&"&#":59),"#$)#(&L&*$#$%&!(#.&=#')"!-)."#

345678*9*:;(;<"*=>8>* S*



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

1/&%%*T#"2'*+,*ULV%I(*W#D%'*BF+2;D%'E*

!  R%D+I.(.LD%*+LV%I(*XD%*B.o*XD%E*
!  @).$0!."#*)1&#0.1#10$0#!.#0#+)(5#$%0$#*0.#9&#*)59!.&1#=!$%#)$%&(##

(&,)*0$09,&#)9M&*$#8,&"#$)#+)(5#&D&*3$09,&#)9M&*$#8,&#4"$0-*#,!.7!./6#
!  G0*%#A)#8,&#!"#'()13*&1#+()5#01-'3.5&(#0&4(2,'0&67'8&9.0&

!  5M%I;(.LD%*+LV%I(*XD%**
!  @).$0!."#*)1&#0.1#10$0#!.#0#+)(5#$%0$#*0.#9&#*)'!&1#1!(&*$,:#!.$)#

5&5)(:#0.1#$%&.#&D&*3$&1#

!  4/.&%2*+LV%I(*XD%*B.so*XD%E*
!  F'&*!0,#$:'&#)+#(&,)*0$09,&#)9M&*$#8,&#$%0$#*0.#9&#,)01&1#!.$)#5&5)(:#

0.1#,!.7&1#1:.05!*0,,:?#0$#&!$%&(#,)01N-5&#)(#(3.N-5&#
!  @0,,&1#:5#-)"'&!"#$&!"*,-,"04#4O;;"6#9:#P!.1)="#

345678*9*:;(;<"*=>8>* Y*

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

5M%I;(.LD%*."2*?#"@.LD%*W+&<.(*B5?WE*

!  4(."2.&2*L#".&)*,+&<.(*,+&*+LV%I(*XD%'*

!  U&#0#".DD)*C&+C+'%2*L)*:1Z1*4)'(%<*[*!"#M*
!  ;0$&(#01)'$&1#9:#QFO#K.!D#20(!0.$"#0.1#;!.3D#

!  U"%*;"#X%2*,+&<.(*,+&**
!  J&,)*0$09,&#)9M&*$#8,&"#4.o6?##
!  GD&*3$09,&#)9M&*$#8,&"#
!  F%0(&1#)9M&*$#8,&"#4Aso6#

!  \%"%&#I*".<%J*5?W*L#".&#%'*

345678*9*:;(;<"*=>8>* ]*



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

5?W*ULV%I(*W#D%*W+&<.(*
!  5D,*/%.2%&*

!  P)(1#"!H&?#9:$&#)(1&(!./?##
8,&#$:'&#4A)?#&D&*?#A")6?#50*%!.&#$:'&?#&$*A#

!  4%0<%"(*/%.2%&*(.LD%*
!  <0/&#"!H&?#2!($30,#011(&""&"?#

#5&5)(:#"&/5&.$"#4"&*-)."6?#"&/5&.$#"!H&"#

!  .text*'%IK+"*
!  @)1&#

!  .rodata '%IK+"*
!  J&01#).,:#10$0E#M35'#$09,&"?#AAA#

!  .data*'%IK+"*
!  R.!-0,!H&1#/,)90,#20(!09,&"#

!  .bss*'%IK+"*
!  K.!.!-0,!H&1#/,)90,#20(!09,&"#
!  SQ,)*7#F$0($&1#9:#F:59),T?#SQ&>&(#F02&#F'0*&T#

!  U0"#"&*-).#%&01&(#93$#)**3'!&"#.)#"'0*&#

5?W*/%.2%&*

4%0<%"(*/%.2%&*(.LD%*
B&%^;#&%2*,+&*%M%I;(.LD%'E*

.text*'%IK+"*

.rodata*'%IK+"*

.bss*'%IK+"*

.symtab '%IK+"*

.rel.txt '%IK+"*

.rel.data '%IK+"*

.debug '%IK+"*

4%IK+"*/%.2%&*(.LD%*

>*

.data*'%IK+"*

345678*9*:;(;<"*=>8>* _*

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

5?W*ULV%I(*W#D%*W+&<.(*BI+"(QE*
!  .symtab*'%IK+"*

!  F:59),#$09,&#
!  <()*&13(&#0.1#"$0-*#20(!09,&#.05&"#
!  F&*-).#.05&"#0.1#,)*0-)."#

!  .rel.text*'%IK+"*
!  J&,)*0-).#!.+)#+)(#.text*"&*-).#
!  V11(&""&"#)+#!."$(3*-)."#$%0$#=!,,#.&&1#$)#9&#

5)1!8&1#!.#$%&#&D&*3$09,&#
!  R."$(3*-)."#+)(#5)1!+:!./#$%&5#

!  .rel.data*'%IK+"*
!  J&,)*0-).#!.+)#+)(#.data*"&*-).#
!  V11(&""&"#)+#')!.$&(#10$0#$%0$#=!,,#.&&1#$)#9&#

5)1!8&1#!.#$%&#5&(/&1#&D&*3$09,&#

!  .debug*'%IK+"*
!  R.+)#+)(#":59),!*#1&93//!./#4gcc -g6#

!  4%IK+"*/%.2%&*(.LD%*
!  WX"&$"#0.1#"!H&"#)+#&0*%#"&*-).#

5?W*/%.2%&*

4%0<%"(*/%.2%&*(.LD%*
B&%^;#&%2*,+&*%M%I;(.LD%'E*

.text*'%IK+"*

.rodata*'%IK+"*

.bss*'%IK+"*

.symtab '%IK+"*

.rel.txt '%IK+"*

.rel.data '%IK+"*

.debug '%IK+"*

4%IK+"*/%.2%&*(.LD%*

>*

.data*'%IK+"*

345678*9*:;(;<"*=>8>* 8>*



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

?#"@%&*4)<L+D' **

!  \D+L.D*')<L+D'*
!  F:59),"#1&8.&1#9:#5)13,&#)#$%0$#*0.#9&#(&+&(&.*&1#9:#)$%&(#5)13,&"#
!  GA/A?#.).Nstatic#@#+3.*-)."#0.1#.).Nstatic#/,)90,#20(!09,&"#

!  5M(%&".D*')<L+D'*
!  Y,)90,#":59),"#$%0$#0(&#(&+&(&.*&1#9:#5)13,&#)#93$#1&8.&1#9:#")5&#

)$%&(#5)13,&#

!  ?+I.D*')<L+D'*
!  F:59),"#$%0$#0(&#1&8.&1#0.1#(&+&(&.*&1#&D*,3"!2&,:#9:#5)13,&#)#
!  GA/A?#@#+3.*-)."#0.1#20(!09,&"#1&8.&1#=!$%#$%&#static 0>(!93$&#
!  ?+I.D*D#"@%&*')<L+D'*.&%*7"1*D+I.D*C&+0&.<*$.&#.LD%'*

345678*9*:;(;<"*=>8>* 88*

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

R%'+D$#"0*4)<L+D'*

int buf[2] = {1, 2}; 

int main()  
{ 
  swap(); 
  return 0; 
}  main.c 

extern int buf[];  

static int *bufp0 = &buf[0]; 
static int *bufp1; 

void swap() 
{ 
  int temp; 

  bufp1 = &buf[1]; 
  temp = *bufp0; 
  *bufp0 = *bufp1; 
  *bufp1 = temp; 
} swap.c 

\D+L.D*

5M(%&".D*

5M(%&".D* ?+I.D*

\D+L.D*

?#"@%&*@"+`'*
"+(/#"0*+,*(%<C*

345678*9*:;(;<"*=>8>* 8=*



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

R%D+I.K"0*3+2%*."2*P.(.*

main() 

main.o 

int *bufp0=&buf[0] 

swap() 

swap.o int buf[2]={1,2} 

a%.2%&'*

main() 

swap() 

>*4)'(%<*I+2%*

int *bufp0=&buf[0] 

int buf[2]={1,2} 

4)'(%<*2.(.*

F+&%*')'(%<*I+2%*

int *bufp1 

4)'(%<*2.(.*

R%D+I.(.LD%*ULV%I(*W#D%'* 5M%I;(.LD%*ULV%I(*W#D%*

.text 

.text 

.data 

.text 

.data 

.text 

.data 

.bss   
.symtab 
.debug 

.data 

!"#"#K.D#b%2*2.(.* .bss 

4)'(%<*I+2%*

345678*9*:;(;<"*=>8>* 86*

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

R%D+I.K+"*c",+*B<.#"E*d*L%,+&%**

0000000 <main>:  
  0:   55              push   %ebp  
  1:   89 e5           mov    %esp,%ebp  
  3:   83 ec 08        sub    $0x8,%esp  
  6:   e8 fc ff ff ff  call   7 <main+0x7>  
                       7: R_386_PC32 swap  
  b:   31 c0           xor    %eax,%eax  
  d:   89 ec           mov    %ebp,%esp  
  f:   5d              pop    %ebp  
 10:   c3              ret      

345678*9*:;(;<"*=>8>* 8O*

&Q+e'%(*f*>MY*
&Q')<L+D*f*'`.C*
&Q()C%*f*Rg6]SgN36=*

&%D+I.(.LD%*+LV%I(*

:PPRBQ(%M(E*f*>M]>O]]6LO*
:PPRB&Q')<L+DE*f*:PPRB'`.CE*f*>M]>O]6I]*

&%,.22&*f*:PPRB'E*h*&Q+e'%(*f*>M]>O]]6LO*h*>MY*f*>M]>O]6LL*
i&%,C(&*f*:PPRB&Q')<L+DE*h*i&%,C(&*d*&%,.22&*f*>M]>O]6I]*h*BdOE*d*>M]>O]6LL*f*>M_**

Disassembly of section .data:  

 00000000 <buf>:  
   0:   01 00 00 00 02 00 00 00 

4+;&I%J*objdump 

int buf[2] = {1,2}; 

int main()  
{ 
  swap(); 
  return 0; 
}  

main.c main.o 



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

R%D+I.K+"*c",+*B<.#"E*d*.j%&**

080483b4 <main>:  
 80483b4:   55              push   %ebp  
 80483b5:   89 e5           mov    %esp,%ebp  
 80483b7:   83 ec 08        sub    $0x8,%esp  
 80483ba:   e8 09 00 00 00  call   80483c8 <swap> 
 80483bf:   31 c0           xor    %eax,%eax  
 80483c1:   89 ec           mov    %ebp,%esp  
 80483c3:   5d              pop    %ebp  
 80483c4:   c3              ret      

Disassembly of section .data:  

 00000000 <buf>:  
   0:   01 00 00 00 02 00 00 00 

4+;&I%J*objdump 

int buf[2] = {1,2}; 

int main()  
{ 
  swap(); 
  return 0; 
}  

main.c main.o 

345678*9*:;(;<"*=>8>* 87*

:PPRBQ(%M(E*f*>M]>O]]6LO*
:PPRB&Q')<L+DE*f*:PPRB'`.CE*f*>M]>O]6I]*

&%,.22&*f*:PPRB'E*h*&Q+e'%(*f*>M]>O]]6LO*h*>MY*f*>M]>O]6LL*
i&%,C(&*f*:PPRB&Q')<L+DE*h*i&%,C(&*d*&%,.22&*f*>M]>O]6I]*h*BdOE*d*>M]>O]6LL*f*>M_**

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

R%D+I.K+"*c",+*B'`.Ck*.textE*

Disassembly of section .text:  

00000000 <swap>:  
 0: 55                push %ebp           
 1: 8b 15 00 00 00 00 mov  0x0,%edx    // %edx = *bufp0 
                      3: R_386_32 bufp0  
 7: a1 04 00 00 00    mov  0x4,%eax    // %eax = buf[1] 
                      8: R_386_32 buf 
 c: 89 e5             mov  %esp,%ebp  
 e: c7 05 00 00 00 00 movl $0x4,0x0    // bufp1 = &buf[1] 
14: 04 00 00 00   
                      10: R_386_32 bufp1  
                      14: R_386_32 buf  
18: 89 ec             mov  %ebp,%esp  
1a: 8b 0a             mov  (%edx),%ecx // temp = *bufp0  
1c: 89 02             mov  %eax,(%edx) // *bufp0 = buf[1] 
1e: a1 00 00 00 00    mov  0x0,%eax    // %eax = *bufp1 
                      1f: R_386_32 bufp1    
23: 89 08             mov  %ecx,(%eax) // *bufp1 = temp 
25: 5d                pop  %ebp  
26: c3                ret       

extern int buf[];  

static int *bufp0 =  
           &buf[0]; 
static int *bufp1; 

void swap() 
{ 
  int temp; 

  bufp1  = &buf[1]; 
  temp   = *bufp0; 
  *bufp0 = *bufp1; 
  *bufp1 = temp; 
} 

swap.c swap.o 

345678*9*:;(;<"*=>8>* 8S*



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

R%D+I.K+"*c",+*B'`.Ck*QdataE*

Disassembly of section .data:  

00000000 <bufp0>:  
   0:   00 00 00 00 

        0: R_386_32 buf  

extern int buf[];  

static int *bufp0 =  
           &buf[0]; 
static int *bufp1; 

void swap() 
{ 
  int temp; 

  bufp1  = &buf[1]; 
  temp   = *bufp0; 
  *bufp0 = *bufp1; 
  *bufp1 = temp; 
} 

swap.c 

345678*9*:;(;<"*=>8>* 8Y*

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

5M%I;(.LD%*:j%&*R%D+I.K+"*BQtextE*
080483b4 <main>:  
 80483b4:       55                      push   %ebp  
 80483b5:       89 e5                   mov    %esp,%ebp  
 80483b7:       83 ec 08                sub    $0x8,%esp  
 80483ba:       e8 09 00 00 00          call   80483c8 <swap>  
 80483bf:       31 c0                   xor    %eax,%eax  
 80483c1:       89 ec                   mov    %ebp,%esp  
 80483c3:       5d                      pop    %ebp  
 80483c4:       c3                      ret      
080483c8 <swap>:  
 80483c8:       55                      push   %ebp  
 80483c9:       8b 15 5c 94 04 08       mov    0x804945c,%edx  
 80483cf:       a1 58 94 04 08          mov    0x8049458,%eax  
 80483d4:       89 e5                   mov    %esp,%ebp  
 80483d6:       c7 05 48 95 04 08       movl   $0x8049458,0x8049548  
 80483dc:       58 94 04 08   
 80483e0:       89 ec                   mov    %ebp,%esp  
 80483e2:       8b 0a                   mov    (%edx),%ecx  
 80483e4:       89 02                   mov    %eax,(%edx)  
 80483e6:       a1 48 95 04 08          mov    0x8049548,%eax  
 80483eb:       89 08                   mov    %ecx,(%eax)  
 80483ed:       5d                      pop    %ebp  
 80483ee:       c3                      ret      

345678*9*:;(;<"*=>8>* 8]*



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

5M%I;(.LD%*:j%&*R%D+I.K+"*BQdataE*

Disassembly of section .data:  

08049454 <buf>:  
 8049454:       01 00 00 00 02 00 00 00   

0804945c <bufp0>:  
 804945c:       54 94 04 08  

345678*9*:;(;<"*=>8>* 8_*

08049548 <bufp1>: 
 8049548:       00 00 00 00 

c"*."+(/%&*XD%k*`/%&%*L;,C8*&%'#2%'J*

l+(%*(/.(*#(*#'*"+(*#"#K.D#b%2mQ*

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

4(&+"0*."2*-%.@*4)<L+D'*

!  N&+0&.<*')<L+D'*.&%*%#(/%&*'(&+"0*+&*`%.@*
!  ,1("7@E#'()*&13(&"#0.1#!.!-0,!H&1#/,)90,"#
!  A'08E#3.!.!-0,!H&1#/,)90,"#

int foo=5; 

p1() { 
} 

int foo; 

p2() { 
} 

p1.c p2.c 

'(&+"0*

`%.@*

'(&+"0*

'(&+"0*

345678*9*:;(;<"*=>8>* =>*



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

?#"@%&n'*4)<L+D*R;D%'*

!  R;D%*8J*F;DKCD%*'(&+"0*')<L+D'*.&%*"+(*.DD+`%2*
!  G0*%#!$&5#*0.#9&#1&8.&1#).,:#).*&#

!  W$%&(=!"&E#;!.7&(#&(()(#

!  R;D%*=J*\#$%"*.*'(&+"0*')<L+D*."2*<;DKCD%*`%.@*')<L+Dk*
I/++'%*(/%*'(&+"0*')<L+D*
!  J&+&(&.*&"#$)#$%&#=&07#":59),#(&"),2&#$)#$%&#"$()./#":59),#

!  R;D%*6J*c,*(/%&%*.&%*<;DKCD%*`%.@*')<L+D'k*C#I@*."*.&L#(&.&)*
+"%*
!  @0.#)2&((!1&#$%!"#=!$%#gcc –fno-common 

345678*9*:;(;<"*=>8>* =8*

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

?#"@%&*N;bbD%'*

int x; 
p1() {} 

int x; 
p2() {} 

int x; 
int y; 
p1() {} 

double x; 
p2() {} 

int x=7; 
int y=5; 
p1() {} 

double x; 
p2() {} 

int x=7; 
p1() {} 

int x; 
p2() {} 

int x; 
p1() {} p1() {} ;!.7#-5&#&(()(E#$=)#"$()./#":59),"#4p16#

J&+&(&.*&"#$)##x#=!,,#(&+&(#$)#$%&#"05&##
3.!.!-0,!H&1#!.$A#R"#$%!"#=%0$#:)3#(&0,,:#=0.$Z#

P(!$&"#$)#x#!.#p2#5!/%$#)2&(=(!$&#y[#
G2!,[#

P(!$&"#$)#x#!.#p2#=!,,#)2&(=(!$&#y[#
B0"$:[##

l#0/(<.&%*'I%".&#+J*(`+*#2%"KI.D*`%.@*'(&;I('k*I+<C#D%2*L)*2#e%&%"(*I+<C#D%&'*
`#(/*2#e%&%"(*.D#0"<%"(*&;D%'*

J&+&(&.*&"#$)#x#=!,,#(&+&(#$)#$%&#"05&#
!.!-0,!H&1#20(!09,&#
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!"#$%&'#()*+,*-.'/#"0(+"*

\D+L.D*[.&#.LD%'*

!  :$+#2*#,*)+;*I."*

!  U(/%&`#'%*
!  K"&#static !+#:)3#*0.#
!  R.!-0,!H&#!+#:)3#1&8.&#0#/,)90,#20(!09,&#
!  K"&#extern#!+#:)3#3"&#&D$&(.0,#/,)90,#20(!09,&#

345678*9*:;(;<"*=>8>* =6*

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

N.I@.0#"0*3+<<+"D)*!'%2*W;"IK+"'*

!  a+`*(+*C.I@.0%*,;"IK+"'*I+<<+"D)*;'%2*L)*C&+0&.<<%&'A*
!  I0$%?#R\W?#5&5)(:#50.0/&5&.$?#"$(!./#50.!'3,0-).?#&$*A#

!  :`@`.&2k*0#$%"*(/%*D#"@%&*,&.<%`+&@*'+*,.&J*
!  UCK+"*8J#<3$#0,,#+3.*-)."#!.$)#0#"!./,&#")3(*&#8,&#

!  <()/(055&("#,!.7#9!/#)9M&*$#8,&#!.$)#$%&!(#'()/(05"#

!  F'0*&#0.1#-5&#!.&]*!&.$#

!  UCK+"*=J#<3$#&0*%#+3.*-).#!.#0#"&'0(0$&#")3(*&#8,&#
!  <()/(055&("#&D',!*!$,:#,!.7#0''()'(!0$&#9!.0(!&"#!.$)#$%&!(#
'()/(05"#

!  I)(&#&]*!&.$?#93$#93(1&.")5&#).#$%&#'()/(055&(#
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!"#$%&'#()*+,*-.'/#"0(+"*

4+D;K+"J*4(.KI*?#L&.&#%'*

!  4(.KI*D#L&.&#%'*BQa*.&I/#$%*XD%'E*
!  @).*0$&.0$&#(&,0$&1#(&,)*0$09,&#)9M&*$#8,&"#!.$)#0#"!./,&#8,&#=!$%#0.#

!.1&D#4*0,,&1#0.#-,';"<06#

!  G.%0.*&#,!.7&(#")#$%0$#!$#$(!&"#$)#(&"),2&#3.(&"),2&1#&D$&(.0,#(&+&(&.*&"#
9:#,))7!./#+)(#$%&#":59),"#!.#).&#)(#5)(&#0(*%!2&"#

!  R+#0.#0(*%!2&#5&59&(#8,&#(&"),2&"#(&+&(&.*&?#,!.7#!.$)#&D&*3$09,&#

345678*9*:;(;<"*=>8>* =7*

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

3&%.K"0*4(.KI*?#L&.&#%'*

1&."'D.(+&*

atoi.c 

atoi.o 

1&."'D.(+&*

printf.c 

printf.o 

libc.a 

:&I/#$%&*B.&E*

QQQ* 1&."'D.(+&*

random.c 

random.o 

unix> ar rs libc.a \ 
  atoi.o printf.o … random.o 

B)/107*0(*)&%4(0(2)

!  :&I/#$%&*.DD+`'*#"I&%<%"(.D*;C2.(%'*

!  R%I+<C#D%*,;"IK+"*(/.(*I/."0%'*."2*&%CD.I%'*Q+*XD%*#"*.&I/#$%*

345678*9*:;(;<"*=>8>* =S*



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

3+<<+"D)*!'%2*?#L&.&#%'*
libc.a*B(/%*3*'(."2.&2*D#L&.&)E*

!  ^#IQ#0(*%!2&#)+#_``#)9M&*$#8,&"#

!  R\W?#5&5)(:#0,,)*0-).?#"!/.0,#%0.1,!./?#"$(!./#%0.1,!./?#10$0#0.1#-5&?#(0.1)5#
.359&("?#!.$&/&(#50$%#

libm.a*B(/%*3*<.(/*D#L&.&)E*
!  a#IQ#0(*%!2&#)+#bbc#)9M&*$#8,&"#

!  L)0-./#')!.$#50$%#4"!.?#*)"?#$0.?#,)/?#&D'?#"d($?#e6# ##

% ar -t /usr/lib/libc.a | sort  
… 
fork.o  
…  
fprintf.o  
fpu_control.o  
fputc.o  
freopen.o  
fscanf.o  
fseek.o  
fstab.o  
… 

% ar -t /usr/lib/libm.a | sort  
… 
e_acos.o  
e_acosf.o  
e_acosh.o  
e_acoshf.o  
e_acoshl.o  
e_acosl.o  
e_asin.o  
e_asinf.o  
e_asinl.o  
… 

345678*9*:;(;<"*=>8>* =Y*

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

?#"@#"0*`#(/*4(.KI*?#L&.&#%'*

1&."'D.(+&'*
Bcppk*cc1k*asE*

main2.c 

main2.o 

libc.a 

?#"@%&*BldE*

p2 

printf.o 07*)072)"1C'())
#"*-&'/)!0&&'*)42)printf.o  

libvector.a 

addvec.o 

,10<!)&%4(0(%'/)

D'&"!0104&')
"45'!1).&'/)

6-&&2)&%78'*))
'9'!-104&')"45'!1).&')

vector.h :&I/#$%&*
BarE*

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

!'#"0*4(.KI*?#L&.&#%'*

!  ?#"@%&n'*.D0+&#(/<*,+&*&%'+D$#"0*%M(%&".D*&%,%&%"I%'J*
!  F*0.#.o#8,&"#0.1#.a#8,&"#!.#$%&#*)550.1#,!.&#)(1&(#
!  O3(!./#$%&#"*0.?#7&&'#0#,!"$#)+#$%&#*3((&.$#3.(&"),2&1#(&+&(&.*&"#
!  V"#&0*%#.&=#.o#)(#.a#8,&?#(*=?#!"#&.*)3.$&(&1?#$(:#$)#(&"),2&#&0*%#

3.(&"),2&1#(&+&(&.*&#!.#$%&#,!"$#0/0!."$#$%&#":59),"#1&8.&1#!.#(*=#
!  R+#0.:#&.$(!&"#!.#$%&#3.(&"),2&1#,!"$#0$#&.1#)+#"*0.?#$%&.#&(()(#

!  N&+LD%<J*
!  @)550.1#,!.&#)(1&(#50>&("[#
!  I)(0,E#'3$#,!9(0(!&"#0$#$%&#&.1#)+#$%&#*)550.1#,!.&#

unix> gcc -L. libtest.o -lmine  
unix> gcc -L. -lmine libtest.o  
libtest.o: In function `main':  
libtest.o(.text+0x4): undefined reference to `libfun'  

345678*9*:;(;<"*=>8>* =_*

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

?+.2#"0*5M%I;(.LD%*ULV%I(*W#D%'*

5?W*/%.2%&*

N&+0&.<*/%.2%&*(.LD%*
B&%^;#&%2*,+&*%M%I;(.LD%'E*

Q(%M(*'%IK+"*

Q2.(.*'%IK+"*

QL''*'%IK+"*

Q')<(.L*

Q2%L;0*

4%IK+"*/%.2%&*(.LD%*
B&%^;#&%2*,+&*&%D+I.(.LD%'E*

>*
5M%I;(.LD%*ULV%I(*W#D%* T%&"%D*$#&(;.D*<%<+&)*

F%<+&)9<.CC%2*&%0#+"*,+&*
'/.&%2*D#L&.&#%'*

R;"9K<%*/%.C*
BI&%.(%2*L)*mallocE*

!'%&*'(.I@*
BI&%.(%2*.(*&;"K<%E*

!";'%2*
>*

%esp**
B'(.I@**
C+#"(%&E*

F%<+&)*
#"$#'#LD%*(+*
;'%&*I+2%*

brk 

0xc0000000 

0x08048000 

0x40000000 

R%.2o`&#(%*'%0<%"(*
BQdatak*QbssE*

R%.29+"D)*'%0<%"(*
B.initk*Qtextk*.rodataE*

?+.2%2**
,&+<**
(/%**
%M%I;(.LD%**
XD%*

Q&+2.(.*'%IK+"*

QD#"%*

Q#"#(*'%IK+"*

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

4/.&%2*?#L&.&#%'*

!  4(.KI*D#L&.&#%'*/.$%*(/%*,+DD+`#"0*2#'.2$."(.0%'J*
!  O3',!*0-).#!.#$%&#"$)(&1#&D&*3$09,&"#4&2&(:#+3.*-).#.&&1#"$1#,!9*6#
!  O3',!*0-).#!.#$%&#(3..!./#&D&*3$09,&"#
!  I!.)(#93/#8D&"#)+#":"$&5#,!9(0(!&"#(&d3!(&#&0*%#0'',!*0-).#$)#&D',!*!$,:#

(&,!.7#

!  F+2%&"*4+D;K+"J*4/.&%2*?#L&.&#%'**
!  W9M&*$#8,&"#$%0$#*).$0!.#*)1&#0.1#10$0#$%0$#0(&#,)01&1#0.1#,!.7&1#!.$)#

0.#0'',!*0-).#/5#-)"'-..5>&0$#&!$%&(#.(-/?@)0#)(#,2#?@)0&

!  V,")#*0,,&1E#1:.05!*#,!.7#,!9(0(!&"?#O;;"?#A")#8,&"#

345678*9*:;(;<"*=>8>* 68*

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

P)".<#I*?#"@#"0*.(*?+.29K<%*

1&."'D.(+&'**
Bcppk*cc1k*asE*

main2.c 

main2.o 

libc.so 
libvector.so 

?#"@%&*BldE*

p2 

P)".<#I*D#"@%&*Bld-linux.soE*

D'&"!0<"7)07*)/2#4"&))104&')
%7;")

libc.so 
libvector.so 

B"*')07*)*010)

E0(<0&&2)&%78'*))
'9'!-104&')"45'!1).&')

D'&"!0104&')
"45'!1).&')

6-&&2)&%78'*))
'9'!-104&')
%7)#'#"(2)

vector.h 

?+.2%&*
BexecveE*

unix> gcc -shared -o libvector.so \ 
               addvec.c multvec.c 
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!"#$%&'#()*+,*-.'/#"0(+"*

4/.&%2*?#L&.&#%'*BI+"(QE*
!  P)".<#I*D#"@#"0*I."*+II;&*`/%"*%M%I;(.LD%*#'*X&'(*D+.2%2*

."2*&;"*BD+.29K<%*D#"@#"0E*
!  @)55).#*0"&#+)(#;!.3D?#%0.1,&1#03$)50-*0,,:#9:#$%&#1:.05!*#,!.7&(#

4ld-linux.so)#
!  F$0.10(1#@#,!9(0(:#4libc.so6#3"30,,:#1:.05!*0,,:#,!.7&1#

!  P)".<#I*D#"@#"0*I."*.D'+*+II;&*.j%&*C&+0&.<*/.'*L%0;"**
B&;"9K<%*D#"@#"0*d*"-1/%*')1C')/!"$')";)1C%/)!"-(/'E*
!  R.#K.!D?#$%!"#!"#1).&#9:#*0,,"#$)#$%&#dlopen() !.$&(+0*& 

!  U!/%N'&(+)(50.*&#=&9#"&(2&("#

!  J3.-5&#,!9(0(:#!.$&(')"!-).!./#

!  4/.&%2*D#L&.&)*&+;K"%'*I."*L%*'/.&%2*L)*<;DKCD%*C&+I%''%'*
!  I)(&#).#$%!"#=%&.#=&#,&0(.#09)3$#2!($30,#5&5)(:#

345678*9*:;(;<"*=>8>* 66*


