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Recap – Real Mode

• Real mode segmentation, how?
• seg * 16 + offset
• [b000:b7ff] => 0xb000 * 16 + 0xb7ff = 0xbb7ff

• What is A20?
• [f800:8001] => 0x100001?
• [f800:8001] => 0x1?

• FYI, segment registers are:
• %cs – code segment
• %ds – data segment
• %es – extra segment
• %fs
• %gs
• %ss – stack segment

Image from: https://upload.wikimedia.org/wikipedia/commons/thumb/d/db/Overlapping_realmode_segments.svg



CPU / Registers / Memory

CPU

Registers, 1clk

eax

ebx

ecx

edx

esi

edi

esp

ebp

eip

cs

ds

es

fs

gs

ss

eax General-purpose registers eip Hidden register. You cannot access it cs Segment registers, stores CPL/RPL

M
M
U

Cache
L1 (3clk)
L2 (7clk)

L3 (30clk)

200 ~ 300 clk



Recap - JOS Boot Sequence

• 0xf000:0xfff0 – BIOS

• Loads boot sector – runs 0x7c00

• Enable A20

• Enable protected mode (enabling 4GB memory access)

• Read kernel ELF (Executable Linkable Format)

• …



Need for Protected Mode:
No Memory Privilege in Real Mode
! !"##$%&'()$'#*$+*,-'*".%',('

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

&*&#"0'1,*-'20'+"#$"%&'3

! !"#$%&'()*+,

Main Memory

Program A

Program B



i386 Protected Mode

! 1$$2',('345'637$8,7'4&%9*0#($*'5,87&:
! 45-*6*-'20'%',*$&*5)'"*$.,)*"
! 7,*8*9)#":

Images from: https://sipb.mit.edu/iap/6.828/files/x86_translation_and_registers.pdf



i386 Protected Mode

! ;,%&
! (50';< =2.)'%--"*,,

! 10-0(
! <>=2.)?'21)'9#18-'2*'&18).+8.*-'20'@>AB'20)*,
! CD$D?'E'&*%5,'@>AB?'<'&*%5,'FEA<?'*)9D

Images from: https://sipb.mit.edu/iap/6.828/files/x86_translation_and_registers.pdf
https://wiki.osdev.org/Global_Descriptor_Table



i386 Protected Mode

! 1$$2',('345'637$8,7'4&%9*0#($*'5,87&:
! 45-*6*-'20'%',*$&*5)'"*$.,)*"
! 7,*8*9)#":

! <&(*0&=&'8,%&',>>*&%%
! Address = base + offset

! G%5'%99*,,'if (offset < limit) or
! G%5'%99*,,'if (offset < limit * 4096)
! Depending on the values in flags!

Images from: https://sipb.mit.edu/iap/6.828/files/x86_translation_and_registers.pdf



i386 Protected Mode

! H'=H"%518%".)0'7>'I'20)*?'E'I'+%$*:
• 0: Limit will be byte granularity !"#$#%&'"(")%&*+',&-..$//&0!" %&1234
• 1: Limit will be page granularity !"#$#%&'"(")&5&6789%&0!" 5&0#$ :&0%!4

! J' KJ*/%18)'#+*"%5-',.L*'7>'I'EB=2.)?'E'I';<=2.):
• Set the values of IP/SP with respect to this bit

! M?N'KM*%-%28*OC6*91)%28*
! J!P' K-./01234"1#512627.8.#9.6.7#:;<=<;<#(2>8#9.6.7?

• 7&!;"<;$/)&=>"?4, 1, 2, @&!'*A$/)&=>"?4

For more information: https://en.wikipedia.org/wiki/Protected_mode

https://en.wikipedia.org/wiki/Protected_mode


Protected Mode - Examples

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16 0x31310000 0x1 G=1

8 0x40000000 0x80000 G=1

0 0x0 0xfffff G=1

! ?@?A?@B?B?
! 3%,*Q'>6>
! P.&.)'7%--":Q'>6/////>>>
! R//,*)Q'>6F>F>

! R//,*)'S'P.&.)'7>6F>F>'S'>6/////>>>:T

! (--"*,,Q'>6F>F>



Protected Mode - Examples

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16 0x31310000 0x1 G=1

8 0x40000000 0x80000 G=1

0 0x0 0xfffff G=1

! ?@BA?@B?B?
! 3%,*Q'>6@>>>>>>>
! P.&.)'7%--":Q'>6F>>>>>>
! R//,*)Q'>6F>F>

! >6F>F>'S'>6F>>>>>>

! (--"*,,Q'>6@>>>F>F>



Protected Mode - Examples

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16 0x31310000 0x1000 G=0

8 0x40000000 0x80000 G=1

0 0x0 0xfffff G=1

• 0x10:0x333
• Base: 0x31310000
• Limit (addr): 0x1000
• Offset: 0x333

• Address: 0x31310333
• 0x10:0x8080

• Base: 0x31310000
• Limit (addr): 0x1000
• Offset: 0x8080
• Offset > limit
• Access denied!



Protected Mode – Memory Privilege

! 4C1'64&%9*0#($*'C*0=07&+&'1&=&7:

! C*$(&9(&>'-$>&'DE$"*'7&=&7%'$E'-&-$*F'#*0=07&+&
! >'7>>:'KU.$U*,)?'RV'W*"5*8
! E'7>E:'KRV'W*"5*8
==============================================
! <'7E>:'KU.$U*,)'1,*"=8*X*8'+".X.8*$*
! ;'7EE:'K1,*" =8*X*8'+".X.8*$*

91(:;$<=:$>&?:%@%7(8('$0??7%A0.%=&1B

C(:&(7;$<=:$?:%@%7(8('$DE$=?(:0.%=&1B



Protected Mode – Memory Privilege

! G$'-&-$*F'#*0=07&+&'0.'*&,7'-$>&

! C*$(&9(&>'-$>&'DE$"*'7&=&7%'$E'-&-$*F'#*0=07&+&
! >'KU.$U*,)?'RV'W*"5*8
! E'KRV'W*"5*8
=============================================
! <'KU.$U*,)'1,*"=8*X*8'+".X.8*$*
! ;' K1,*" =8*X*8'+".X.8*$*

! 5F#09,77FH'?'0%'E$*'2&*.&7H'I'0%'E$*'"%&*J

Image from: https://en.wikipedia.org/wiki/File:Priv_rings.svg



Descriptor Privilege Level Defines
Ring Level
! KC1'L'K"**&.('C*0=07&+&'1&=&7

! J*/.5*-'.5')U*'8%,)'<'2.),'#/')U*'Y9, "*$.,)*"
! Z#1'9%5'9U%5$*'Y9, #580'X.%'lcall / ljmp /trap/ int

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16  9EFG 0x31310000 0x1000 G=0, "H3I*

8    CFGJF3 0x40000000 0x80000 G=1, "H3I2

0    CFGJF3 0x0 0xfffff G=1, "H3I2



Descriptor Privilege Level Defines
Ring Level
! KC1'L'K"**&.('C*0=07&+&'1&=&7

! J*/.5*-'.5')U*'8%,)'<'2.),'#/')U*'Y9, "*$.,)*"
! Z#1'9%5'9U%5$*'Y9, #580'X.%'lcall / ljmp /trap/ int

! M@,-#7&%
! Y9, II'>6F II'E>>>'.5'2.5%"0?'8%,)'<'2.),'%"*'[CMR'=\']CM^CPT
! Y9, II'>6E;''''''''II'E>>EE'.5'2.5%"0?'8%,)'<'2.),'%"*';'=\'_VCMT
! Y9, II'>6E>''''''''II'E>>>>'.5'2.5%"0?'8%,)'<'2.),'%"*'>'=\']CM^CPT
! Y9, II'>62''''''''''II'E>EE`D

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16  9EFG 0x31310000 0x1000 G=0, "H3I*

8    CFGJF3 0x40000000 0x80000 G=1, "H3I2

0    CFGJF3 0x0 0xfffff G=1, "H3I2



Descriptor Privilege Level Defines
Ring Level
! KC1'L'K"**&.('C*0=07&+&'1&=&7

! J*/.5*-'.5')U*'8%,)'<'2.),'#/')U*'Y9, "*$.,)*"
! Z#1'9%5'9U%5$*'Y9, #580'X.%'lcall / ljmp /trap/ int

! &#XY%6?'Y9, ß .&+#,,.28*T

! G%5'#580'&#X*'-#a5`
• CPL==0, then ljmp 0x3:0x1234 is BC&)*&$D$.E)$
• CPL==3, then ljmp 0x0:0x1234 is +*)&-''*A$F

!"#$%&'() *+,-%.$/01( +2,-%.$3%4%.5+,-%.$67081

16  9EFG 0x31310000 0x1000 G=0, "H3I*

8    CFGJF3 0x40000000 0x80000 G=1, "H3I2

0    CFGJF3 0x0 0xfffff G=1, "H3I2



OK, Kernel (Ring 0) can execute 
code in (Ring 3) via ljmp 0x3:0x1234
! 5/&.H'/$)'9,.')&'+$'8,92'($'2&*.&7N

! O&'9,.'%)0(9/'E*$-'*0.+'?'($'*0.+'I'=0,'7P-#
! 8b&+>6;Q>6E<;@

! O&'9,..$('%)0(9/'E*$-'*0.+'I'($'*0.+'?'=0,'7P-#
! 8b&+>6>Q>6E<;@''ß .88*$%8'.5,)"19).#5

! O&'"%&'0*&(Q'%F%&@0(Q'%F%*&(($'%)0(9/'E*$-'*0.+'I'($'*0.+'?
! c*'a.88'8*%"5')U.,'.5'a**W'@



Enabling Protected Mode (part 1):
Create Global Descriptor Table (GDT)

! R.'8$$(Q8$$(S!
! Y9, )#'+#.5)'>'d'>6////////'.5'J!P'>
! Y-,')#'+#.5)'>'d'>6////////'.5'J!P'>

! T.7F'2&*.&7'9,.',99&%%'(/$%&'()$'%&+-&.(
!"#$
%&'()

*+,-%.$/01( +2,-%.$
3%4%.

5+,-%.$
67081

16 0x0 0xfffff G=1,W
"H3I2

8 0x0 0xfffff G=1, XR 
"H3I2

0    0 0 0



Enabling Protected Mode (part 2):
Change CR0 (Control Register 0)

!&('CM6C*$(&9(&>'&.,87&>:'($'! )077'&.,87&'C*$(&9(&>'U$>&

In JOS:

1. Load GDT
2. Read CR0, store it to eax
3. Set PE_ON (1) on eax
4. Put eax back to CR0
(PE_ON to CR0!!)



How to Change CPL?

! ljmp 60.%(*"9(0$.:
! P#5$'b1&+

0x8 == 1000, Last 2 bits are zero..



Protected Mode Summary

! V*$&*5)'%99*,,'X.%'HJe
• Base + Offset < Limit * 4096 (if G == 1)
• Base + Offset < Limit (if G == 0)

! P%,)')a#'2.),'.5'Y9,'=G!P
• Memory Privilege - Ring level
• 0 for OS kernel
• 3 for user application

! GU%5$.5$'GM>')#'*5%28*'+"#)*9)*-'&#-*
• CR0_PE_ON == 1, set via eax

! GU%5$.5$'G!Pf
• ljmp %cs:xxxxx, set the last 2 bits of %cs as 0 for kernel, 3 for user



Virtual Memory

! 5/*&&'+$,7%

! e"%5,+%"*590

! C//.9.*590

! !"#)*9).#5



Uniprogramming Environment

! <".'$.&'#*$+*,-

! 5/&'#*$+*,-'9,.'"%&'
-&-$*F'%#,9&'E*&&7FJ

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1

Program Data - 1

Stack - 1

Free (576 KB)
0x10000 ~ 0xa0000

(64KB ~ 640KB)



Uniprogramming Environment

! <".'$.&'#*$+*,-

! 5/&'#*$+*,-'9,.'"%&'
-&-$*F'%#,9&'E*&&7FJ

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Free (576 KB)
0x10000 ~ 0xa0000

(64KB ~ 640KB)

Program Code - 1

Program Data (64 KB)
0x40000 ~ 0x50000

(256KB ~ 320KB)
Program Data - 1

Stack (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)
Stack - 1



Uniprogramming Environment

! <".'$.&'#*$+*,-

! 5/&'#*$+*,-'9,.'"%&'
-&-$*F'%#,9&'E*&&7FJ

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1 (128KB)
0x10000 ~ 0x30000

(64KB ~ 192KB)

Program Data - 1 (64 KB)
0x40000 ~ 0x50000

(256KB ~ 320KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (64 KB)
0x30000 ~ 0x40000

(192KB ~ 256KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (192 KB)
0x50000 ~ 0x80000

(320KB ~ 512KB)



Multi-programming Environment

! <".'()$'#*$+*,-%

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1 (128KB)
0x10000 ~ 0x30000

(64KB ~ 192KB)

Program Data - 1 (64 KB)
0x40000 ~ 0x50000

(256KB ~ 320KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (64 KB)
0x30000 ~ 0x40000

(192KB ~ 256KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (192 KB)
0x50000 ~ 0x80000

(320KB ~ 512KB)

Program Code - 2 (128KB)

Program Data - 2 (64 KB)

Stack - 2 (64KB)



Multi-programming Environment

! <".'()$'#*$+*,-%

! !F%(&-V%'-&-$*F'"%,+&'
>&(&*-0.&%',77$9,(0$.

! C*$+*,-'.&&>'($'8&',),*&'$E'(/&'
&.=0*$.-&.(

! cU*"*'-#*,',0,)*&'8#%-,'&0'9#-*f
! Z#1'9%5g)'-*)*"&.5*`',0,)*&'-#*,DD

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1 (128KB)
0x10000 ~ 0x30000

(64KB ~ 192KB)

Program Data - 1 (64 KB)
0x40000 ~ 0x50000

(256KB ~ 320KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (64 KB)
0x30000 ~ 0x40000

(192KB ~ 256KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (192 KB)
0x50000 ~ 0x80000

(320KB ~ 512KB)
Program Code - 2 (128KB)

Program Data - 2 (64 KB)

Stack - 2 (64KB)

G$'5*,.%#,*&.9FJ



Multi-programming Environment

! <".'()$'#*$+*,-%

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1 (160KB)
0x10000 ~ 0x38000

(64KB ~ 224KB)

Program Data - 1 (64 KB)
0x58000 ~ 0x68000

(352KB ~ 416KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (128 KB)
0x38000 ~ 0x58000

(224KB ~ 352KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (96 KB)
0x68000 ~ 0x80000

(416KB ~ 512KB)

Program Code - 2 (160KB)

Program Data - 2 (64 KB)

Stack - 2 (64KB)



Multi-programming Environment

! <".'()$'#*$+*,-%
! !"#$"%&',.L*Q'B@]3'h'B@]3'h'EB>]'I'<FF]3

! W*&&'-&-
! B@'h'AB'h'E<F'I'<FF]3

! K,..$('*".'C*$+*,-' DX
! G%5g)'/.)`

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code - 1 (160KB)
0x10000 ~ 0x38000

(64KB ~ 224KB)

Program Data - 1 (64 KB)
0x58000 ~ 0x68000

(352KB ~ 416KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (128 KB)
0x38000 ~ 0x58000

(224KB ~ 352KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (96 KB)
0x68000 ~ 0x80000

(416KB ~ 512KB)

Program Code - 2 (160KB)

Program Data - 2 (64 KB)

Stack - 2 (64KB)

G$('&EE090&.(SS'!"EE&*%'-&-$*F'E*,+-&.(,(0$.'#*$87&-SS



Multi-programming Environment

! <".'()$'#*$+*,-%

! O/,('0E'C*$+*,- YXV%'%(,92'".>&*E7$)%N

! O/,('0E'C*$+*,- YXV%'>,(,'$=&*E7$)%N

! O0(/$"('=0*(",7'-&-$*F
! !"#$"%&,'9%5'%//*9)')#')U*'#)U*"g,'*6*91).#5

OS
0x00000 ~ 0x10000

(0 ~ 64KB)

Program Code (128KB)
0x10000 ~ 0x30000

(64KB ~ 192KB)

Program Data (64 KB)
0x40000 ~ 0x50000

(256KB ~ 320KB)

Stack (64KB)
0x80000 ~ 0x90000

(512KB ~ 576KB)

Free (64 KB)
0x30000 ~ 0x40000

(192KB ~ 256KB)

Free (64 KB)
0x90000 ~ 0xa0000

(576KB ~ 640KB)

Free (192 KB)
0x50000 ~ 0x80000

(320KB ~ 512KB)
Program Code - 2 (128KB)

Program Data - 2 (64 KB)

Stack - 2 (64KB)

G$'0%$7,(0$.S'!&9"*0(F'#*$87&-S



Virtual Memory

! 5/*&&'+$,7%
! e"%5,+%"*590Q'-#*,'5#)'5**-')#'W5#a',0,)*&g,'.5)*"5%8',)%)*

• Program A is loaded at 0x8048000. Can Program B be loaded at 0x8048000?

! C//.9.*590Q'-#'5#)'a%,)*'&*&#"0i'&%5%$*'&*&#"0'/"%$&*5)%).#5
• Can Program B (288KB) be loaded if 288 KB of memory is free, regardless of its allocation?

! !"#)*9).#5Q'.,#8%)*'+"#$"%&g,'*6*91).#5'*5X."#5&*5)
• Can we prevent an overflow from Program A from overwriting Program B’s data?



Paging

! Z'-&(/$>'$E'0-#7&-&.(0.+'=0*(",7'-&-$*F

! !#70('-&-$*F'0.($'-"7(0#7&'[H?\]'8F(&'87$92%'6^XY80(:
! P%,)';'-.$.),'#/'+%$*'%--"*,,'%"*'[CMR'7.5'U*6%-*9.&%8:
! CD$D?'>6>?'>6E>>>?'>6<>>>?'`?'>6F>@F>>>?'>6F>@%>>>?'`?'>6j///*>>>?'*)9D

! _,=0.+',.'0.>0*&9('-,#'8&()&&.'=0*(",7'#,+&',.>'#/F%09,7'#,+&
! V*)'%5'%"2.)"%"0'X.")1%8'%--"*,,'/#"'%'+%$*?'*D$D?'>6FEFEk>>>
! V*)'%'+U0,.9%8'%--"*,,')#')U%)'+%$*'%,'%'&%+?'*D$D?'>6;<>>>
! >6FEFEk>>>'d'>6FEFEk///'a.88'2*')"%5,8%)*-'.5)#
! >6;<>>>'d'>6;<///



Virtual Memory - Paging

! _,=0.+',.'0.>0*&9('(,87&'(/,('-,#%'=0*(Y,>>* ($'#/F%Y,>>*

K%:.>07 HLM1%A07

0x8048000 0x10000

0x8049000 0x11000

0x804a000 0x14000

0xbffdf000 0x12000

… …

Stack
0xbffdf000

Program code
0x8049000

Program code
0x8048000

Program code
0x804a000

Physical Memory

Program code
0x10000

Program code
0x11000

Program code
0x14000

Stack
0x12000



Paging: Virtual Memory

! _,=0.+',.'0.>0*&9('(,87&'(/,('-,#%'=0*(Y,>>* ($'#/F%Y,>>*
K%:.>07 HLM1%A07

0x8048000 0x10000

0x8049000 0x11000

0x804a000 0x14000

0xbffdf000 0x12000

… …

Stack
0xbffdf000

Program code
0x8049000

Program code
0x8048000

Program code
0x804a000

Physical Memory

Program code
0x10000

Program code
0x11000

Program code
0x14000

Stack
0x12000

K%:.>07,+ HLM1%A07,+

0x8048000 0x13000

0x8049000 0x15000

0x804a000 0x16000

0xbffdf000 0x17000

… …

Stack-2
0xbffdf000

Program code-2
0x8049000

Program code-2
0x8048000

Program code-2
0x804a000

Program code-2
0x13000

Program code-2
0x15000

Program code-2
0x16000

Stack-2
0x17000



Paging: Virtual Memory

! _,=0.+',.'0.>0*&9('(,87&'(/,('-,#%'=0*(Y,>>* ($'#/F%Y,>>*
K%:.>07 HLM1%A07

0x8048000 0x10000

0x8049000 0x11000

0x804a000 0x14000

0xbffdf000 0x12000

… …

Stack
0xbffdf000

Program code
0x8049000

Program code
0x8048000

Program code
0x804a000

Physical Memory

Program code
0x10000

Program code
0x11000

Program code
0x14000

Stack
0x12000

K%:.>07,+ HLM1%A07,+

0x8048000 0x13000

0x8049000 0x15000

0x804a000 0x16000

0xbffdf000 0x17000

… …

Stack-2
0xbffdf000

Program code-2
0x8049000

Program code-2
0x8048000

Program code-2
0x804a000

Program code-2
0x13000

Program code-2
0x15000

Program code-2
0x16000

Stack-2
0x17000

5*,.%#,*&.9FA'>$&%'.$('.&&>'($'2.$)'%F%(&-V%'0.(&*.,7'%(,(&
C*$+*,-'Z'0%'7$,>&>',('?@B?[B???S

K,.'C*$+*,-';'8&'7$,>&>',(' ?@B?[B???N



Paging: Virtual Memory

! _,=0.+',.'0.>0*&9('(,87&'(/,('-,#%'=0*(Y,>>* ($'#/F%Y,>>*
K%:.>07 HLM1%A07

0x8048000 0x10000

0x8049000 0x11000

0x804a000 0x14000

0xbffdf000 0x12000

… …

Stack
0xbffdf000

Program code
0x8049000

Program code
0x8048000

Program code
0x804a000

Physical Memory

Program code
0x10000

Program code
0x11000

Program code
0x14000

Stack
0x12000

K%:.>07,+ HLM1%A07,+

0x8048000 0x13000

0x8049000 0x15000

0x804a000 0x16000

0xbffdf000 0x17000

… …

Stack-2
0xbffdf000

Program code-2
0x8049000

Program code-2
0x8048000

Program code-2
0x804a000

Program code-2
0x13000

Program code-2
0x15000

Program code-2
0x16000

Stack-2
0x17000

MEE090&.9FA'>$'.$('),%(&'-&-$*F
K,.'C*$+*,-';'6 XBB`;:'8&'7$,>&>'0E

$.7F'XBB'`; $E'-&-$*F'0%'E*&&H'*&+,*>7&%%'$E'0(%',77$9,(0$.N



Paging: Virtual Memory

Stack
0xbffdf000

Program code
0x8049000

Program code
0x8048000

Program code
0x804a000

Stack-2
0xbffdf000

Program code-2
0x8049000

Program code-2
0x8048000

Program code-2
0x804a000

C*$(&9(0$.A'0%$7,(&'#*$+*,-V%'&@&9"(0$.'&.=0*$.-&.(
K,.')&'#*&=&.(',.' $=&*E7$)'E*$-'C*$+*,-'Z'E*$-'

$=&*)*0(0.+'C*$+*,-';V%'>,(,N

No mappings,
6N93#O

No mappings,
6N93#O



x86 Memory Access


