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

1+2.)*

!  3#&(4.5*6%6+&)*7389*
!  !"#$"%#&'()*'+,-"(-,)'

!  ./'(0'1,,2'3,$'4(45%)6'
!  ./'(0'1,,2'3,$'+#+,$7'+()(6#+#)1'

!  ./'(0'1,,2'3,$'+#+,$7'8$,1#4-,)'

!  9**$#00'1$()02(-,)'

:;<=>?*@*A4(46"*BC?C* ?*

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

!  D&+0&.6'*&%,%&*(+*$#&(4.5*6%6+&)*.22&%''%'*
!  movl (%ecx),%eax*
!  :,)4#81;(227'"#$7'2($6#'($$(7',3'<71#0'
!  =(45'<71#'5(0'%10',&)'(**$#00'
!  941;(227'%+82#+#)1#*'&%15'5%#$($457',3'*%>#$#)1'

+#+,$7'178#0'

!  ?701#+'8$,"%*#0'(**$#00'08(4#'8$%"(1#'1,'8($-4;2($'
@8$,4#00A'

!  A55+E.F+"G*:+6H#5%&*."2*&4"@F6%*')'(%6*
!  B5#$#'*%>#$#)1'8$,6$(+',<C#410'05,;2*'<#'01,$#*'

!  922'(22,4(-,)'&%15%)'0%)62#'"%$1;(2'(**$#00'08(4#!
!  !"#$%&'$()*#"+,$-.-/*'0$$

!  1&'$2/#$3&'4)5+,$-.-/*'0$

3#&(4.5*8%6+&)*7D&%$#+4'*I%E(4&%'9*

CCJJJJJJC*

KKJJJJJJK*

:;<=>?*@*A4(46"*BC?C* B*



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

D&+L5%6*?G*M+N*O+%'*<$%&)(/#"0*K#(P*

QR@L#(*.22&%''%'G*
?Q*<S.L)(%*

D/)'#E.5*6.#"*6%6+&)G*
K%N*T#0.L)(%'*

? 

A"2*(/%&%*.&%*6.")*H&+E%''%'*UV*
:;<=>?*@*A4(46"*BC?C* =*

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

D&+L5%6*BG*8%6+&)*8.".0%6%"(*

D/)'#E.5*6.#"*6%6+&)*

What goes 
where? 

'(.EW*
/%.H*
.text 
.data 

U*

D&+E%''*?*
D&+E%''*B*
D&+E%''*=*
U*
D&+E%''*"*

D'

:;<=>?*@*A4(46"*BC?C* R*



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

D&+L5%6*=G*M+N*1+*D&+(%E(*
D/)'#E.5*6.#"*6%6+&)*

D&+E%''*#*

D&+E%''*X*

D&+L5%6*RG*M+N*1+*;/.&%P*
D/)'#E.5*6.#"*6%6+&)*

D&+E%''*#*

D&+E%''*X*

:;<=>?*@*A4(46"*BC?C* >*

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

;+54F+"G*I%$%5*Y,*Z"2#&%EF+"*

!  <.E/*H&+E%''*0%('*#('*+N"*H&#$.(%*6%6+&)*'H.E%*

!  ;+5$%'*(/%*H&%$#+4'*H&+L5%6'*

D/)'#E.5*6%6+&)*

3#&(4.5*6%6+&)*

3#&(4.5*6%6+&)*

D&+E%''*?*

D&+E%''*"*

mapping 

:;<=>?*@*A4(46"*BC?C* Q*



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

A22&%''*;H.E%'*

!  I#"%.&*.22&%''*'H.E%G*!$*#$#*'0#1',3'4,)-6;,;0'),)E)#6(-"#'%)1#6#$'
(**$#00#0F'

' 'GHI'JI'KI'L'M'N'

!  3#&(4.5*.22&%''*'H.E%G*?#1',3'O'P'K)'"%$1;(2'(**$#00#0'
' 'GHI'JI'KI'LI'MI'OEJN'

!  D/)'#E.5*.22&%''*'H.E%G*?#1',3'/'P'K+'8570%4(2'(**$#00#0'Q')'RR'+'S'
' 'GHI'JI'KI'LI'MI'/EJN'

!  :5%."*2#'F"EF+"*L%(N%%"*2.(.*7L)(%'9*."2*(/%#&*.[&#L4(%'*7.22&%''%'9*

!  <.E/*+LX%E(*E."*"+N*/.$%*645FH5%*.22&%''%'*

!  <$%&)*L)(%*#"*6.#"*6%6+&)G**
+"%*H/)'#E.5*.22&%''\*+"%*7+&*6+&%9*$#&(4.5*.22&%''%'*

:;<=>?*@*A4(46"*BC?C* ]*

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

A*;)'(%6*!'#"0*D/)'#E.5*A22&%''#"0*

!  !'%2*#"*^'#6H5%_*')'(%6'*5#W%*%6L%22%2*6#E&+E+"(&+55%&'*#"*
2%$#E%'*5#W%*E.&'\*%5%$.(+&'\*."2*2#0#(.5*H#E(4&%*,&.6%'*

CG*
?G*

8@?G*

8.#"*6%6+&)*

:D!*

BG*
=G*
RG*
>G*
QG*
]G*

D/)'#E.5*.22&%''*
7DA9*

O.(.*N+&2*

`G* VVV*

:;<=>?*@*A4(46"*BC?C* *̀



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

A*;)'(%6*!'#"0*3#&(4.5*A22&%''#"0*

!  !'%2*#"*.55*6+2%&"*2%'W(+H'\*5.H(+H'\*N+&W'(.F+"'*

!  Y"%*+,*(/%*0&%.(*#2%.'*#"*E+6H4(%&*'E#%"E%*
!  667$5&.584$#&.$5+5&.$

CG*
?G*

8@?G*

8.#"*6%6+&)*

88!*

BG*
=G*
RG*
>G*
QG*
]G*

D/)'#E.5*.22&%''*
7DA9*

O.(.*N+&2*

`G* VVV*

:D!*

3#&(4.5*.22&%''*
73A9*

9:7$9&)3$

:;<=>?*@*A4(46"*BC?C* a*

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

-/)*3#&(4.5*8%6+&)*7389P*

!  <bE#%"(*4'%*+,*5#6#(%2*6.#"*6%6+&)*7cA89*
!  T0#'U9/'(0'('4(45#'3,$'15#'8($10',3'('"%$1;(2'(**$#00'08(4#'

!  0,+#'),)E4(45#*'8($10'01,$#*',)'*%0V'

!  0,+#'Q;)(22,4(1#*S'),)E4(45#*'8($10'01,$#*'),&5#$#'
!  W##8',)27'(4-"#'($#(0',3'"%$1;(2'(**$#00'08(4#'%)'+#+,$7'

!  1$()03#$'*(1('<(4V'()*'3,$15'(0')##*#*'

!  ;#6H5#d%'*6%6+&)*6.".0%6%"(*,+&*H&+0&.66%&'*
!  =(45'8$,4#00'6#10'15#'0(+#'3;22I'8$%"(1#'2%)#($'(**$#00'08(4#'

!  Z'+5.(%'*.22&%''*'H.E%'*
!  !)#'8$,4#00'4()X1'%)1#$3#$#'&%15'(),15#$X0'+#+,$7 ''

!  <#4(;0#'15#7',8#$(1#'%)'*%>#$#)1'(**$#00'08(4#0'
!  T0#$'8$,4#00'4()),1'(44#00'8$%"%2#6#*'%)3,$+(-,)'

!  *%>#$#)1'0#4-,)0',3'(**$#00'08(4#0'5("#'*%>#$#)1'8#$+%00%,)0'
:;<=>?*@*A4(46"*BC?C* ?C*



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

38*.'*.*1++5*,+&*:.E/#"0*
!  ;)*#"+,$-.-/*'<$.&&.)*+,*e*f*B"*E+"F04+4'*L)(%'*

!  15%)V',3'15#'($$(7'Q(22,4(1#*'8($1S'(0'<#%)6'01,$#*',)'*%0V'
!  D/)'#E.5*6.#"*6%6+&)*7OcA89*f*E.E/%*,+&*.55+E.(%2*$#&(4.5*6%6+&)*

!  g5+EW'*.&%*E.55%2*H.0%'h*'#i%*f*BH*

DD*B6@H@?*

D/)'#E.5*6%6+&)*

<6H()*

<6H()*

!"E.E/%2*

3D*C*
3D*?*

3D*B"@H@?*

3#&(4.5*6%6+&)*

!".55+E.(%2*

:.E/%2*

!"E.E/%2*

!".55+E.(%2*

:.E/%2*

!"E.E/%2*

DD*C*
DD*?*

<6H()*
:.E/%2*

C*

B"@?*

B6@?*

C*

3#&(4.5*H.0%'*73Dj'9**
'(+&%2*+"*2#'W*

D/)'#E.5*H.0%'*7DDj'9**
E.E/%2*#"*OcA8*

Disk 

:;<=>?*@*A4(46"*BC?C* ??*

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

8%6+&)*M#%&.&E/)G*:+&%*B*O4+*

O#'W*

8.#"*
8%6+&)*

IB*
4"#d%2*
E.E/%*

I?**
Z@E.E/%*

I?**
O@E.E/%*

:D!* c%0*

B*gkE)E5%*`*gkE)E5%*?Q*gkE)E5%* ?*gk=C*E)E5%'*1/&+40/H4(G*
I.(%"E)G* ?CC*E)E5%'*?R*E)E5%'*=*E)E5%'* 6#55#+"'*

lR*8g*

=B*mg*

lR*Tg* l>CC*Tg*

=/#$>*+%2$#/$45+,.$$

I?kIB*E.E/%G*QR*g*L5+EW'*

6)44$3.2+,#'$?,+#.25'@<$ABC$

6)44$3.2+,#'$?,+#.25'@<$DBEBBBC$

:;<=>?*@*A4(46"*BC?C* ?B*



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

OcA8*:.E/%*Y&0."#i.F+"*

!  OcA8*E.E/%*+&0."#i.F+"*2&#$%"*L)*(/%*%"+&6+4'*6#''*H%".5()*
!  YU9/'%0'(<,;1'DBC'02,&#$'15()'?U9/'

!  Y%0V'%0'(<,;1'DBEBBBC'02,&#$'15()'YU9/'
!  Z,$'[$01'<71#I'3(01#$'3,$')#D1'<71#'

!  :+"'%n4%"E%'*
!  \($6#'8(6#'Q<2,4VS'0%]#F'178%4(227'^E_'W`I'0,+#-+#0'^'/`'

!  Z;227'(00,4%(-"#''
!  9)7'.a'4()'<#'82(4#*'%)'()7'aa'

!  U#b;%$#0'('@2($6#A'+(88%)6'3;)4-,)'c'*%>#$#)1'3$,+':aT'4(45#0'

!  d%6527'0,85%0-4(1#*I'#D8#)0%"#'$#82(4#+#)1'(26,$%15+0'
!  e,,'4,+82%4(1#*'()*',8#)E#)*#*'1,'<#'%+82#+#)1#*'%)'5($*&($#'

!  B$%1#E<(4V'$(15#$'15()'&$%1#E15$,;65'

:;<=>?*@*A4(46"*BC?C* ?=*

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

A22&%''*1&."'5.F+"G*D.0%*1.L5%'*
!  A*3+F.$#+G,.$#'*."*.&&.)*+,*H.0%*(.L5%*%"(&#%'*7D1<'9*(/.(*

6.H'*$#&(4.5*H.0%'*(+*H/)'#E.5*H.0%'V*M%&%G*`*3D'*
!  a#$E8$,4#00'V#$)#2'*(1('01$;41;$#'%)'YU9/'

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*R*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

C*
?*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

:;<=>?*@*A4(46"*BC?C* ?R*



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

A22&%''*1&."'5.F+"*-#(/*.*D.0%*1.L5%*

Virtual page number (VPN) Virtual page offset (VPO) 

D/)'#E.5*H.0%*"46L%&*7DDe9* Physical page offset (PPO) 

;)*#"+,$+>>*.44$

:&'4)5+,$+>>*.44$

3.5#2* D/)'#E.5*H.0%*"46L%&*7DDe9*

D.0%*(.L5%**
L.'%*&%0#'(%&*

7D1gc9*

:+F.$#+G,.$$D.0%*(.L5%*.22&%''**
,+&*H&+E%''*

3.5#2*L#(*f*CG*
H.0%*"+(*#"*6%6+&)*

7H.0%*,.45(9*

:;<=>?*@*A4(46"*BC?C* ?>*

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

D.0%*M#(*
!  :+F.$&)#<$&%,%&%"E%*(+*38*N+&2*(/.(*#'*#"*H/)'#E.5*6%6+&)*

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*R*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

C*
?*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* ?Q*



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

D.0%*8#''*
!  :+F.$-)44<$&%,%&%"E%*(+*38*N+&2*(/.(*#'*"+(*#"*H/)'#E.5*

6%6+&)*

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*R*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

C*
?*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* ?]*

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

M."25#"0*D.0%*K.45(*
!  a(6#'+%00'4(;0#0'8(6#'3(;21'Q()'#D4#8-,)S'

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*R*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

C*
?*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* ? *̀



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

M."25#"0*D.0%*K.45(*
!  a(6#'+%00'4(;0#0'8(6#'3(;21'Q()'#D4#8-,)S'

!  a(6#'3(;21'5()*2#$'0#2#410'('"%4-+'1,'<#'#"%41#*'Q5#$#'.a'^S'

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*R*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

C*
?*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* ?a*

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

M."25#"0*D.0%*K.45(*
!  a(6#'+%00'4(;0#0'8(6#'3(;21'Q()'#D4#8-,)S'

!  a(6#'3(;21'5()*2#$'0#2#410'('"%4-+'1,'<#'#"%41#*'Q5#$#'.a'^S'

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*=*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

?*
C*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* BC*



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

M."25#"0*D.0%*K.45(*
!  a(6#'+%00'4(;0#0'8(6#'3(;21'Q()'#D4#8-,)S'

!  a(6#'3(;21'5()*2#$'0#2#410'('"%4-+'1,'<#'#"%41#*'Q5#$#'.a'^S'

!  !>#)*%)6'%)01$;4-,)'%0'$#01($1#*F'8(6#'5%1f'

"455*

"455*

8%6+&)*&%'#2%"(*
H.0%*(.L5%*
7OcA89*

D/)'#E.5*6%6+&)*
7OcA89*

3D*]*
3D*=*

3#&(4.5*6%6+&)*
72#'W9*

;+,)>$
C*
?*

?*
C*
C*

?*
C*

?*

:&'4)5+,$3+F.$
2"-G.*$/*$$
>)48$+>>*.44$

D1<*C*

D1<*]*

DD*C*
3D*B*
3D*?*

DD*=*

3D*?*

3D*B*

3D*R*

3D*Q*

3D*]*

3D*=*

Virtual address 

:;<=>?*@*A4(46"*BC?C* B?*

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

-/)*2+%'*#(*N+&WP**I+E.5#()*

!  3#&(4.5*6%6+&)*N+&W'*L%E.4'%*+,*5+E.5#()*

!  A(*.")*H+#"(*#"*F6%\*H&+0&.6'*(%"2*(+*.EE%''*.*'%(*+,*.EF$%*
$#&(4.5*H.0%'*E.55%2*(/%*%/*8)2F$4.#*
!  a$,6$(+0'&%15'<#g#$'1#+8,$(2'2,4(2%17'&%22'5("#'0+(22#$'&,$V%)6'0#10'

!  Z,*7N+&W#"0*'%(*'#i%*o*6.#"*6%6+&)*'#i%9**
!  h,,*'8#$3,$+()4#'3,$',)#'8$,4#00'(i#$'4,+8;20,$7'+%00#0'

!  Z,*7*;!87N+&W#"0*'%(*'#i%'9*p*6.#"*6%6+&)*'#i%*9**
!  "#$%&#'()*!a#$3,$+()4#'+#21*,&)!&5#$#'8(6#0'($#'0&(88#*'Q4,8%#*S'

%)'()*',;1'4,)-);,;027'

:;<=>?*@*A4(46"*BC?C* BB*



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

38*.'*.*1++5*,+&*8%6+&)*8.".0%6%"(*
!  m%)*#2%.G*%.E/*H&+E%''*/.'*#('*+N"*$#&(4.5*.22&%''*'H.E%*

!  j1'4()'"%#&'+#+,$7'(0'('0%+82#'2%)#($'($$(7'

!  /(88%)6'3;)4-,)'04(g#$0'(**$#00#0'15$,;65'8570%4(2'+#+,$7'
!  B#22'45,0#)'+(88%)60'0%+82%37'+#+,$7'(22,4(-,)'()*'+()(6#+#)1'

;)*#"+,$
H>>*.44$
I3+5.$J/*$
:*/5.44$D<$

:&'4)5+,$$
H>>*.44$$
I3+5.$
?KLH6@$

C*
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