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Recap - Real Mode

* Real mode segmentation, how?
* seg * 16 + offset
* [b000:b7ff] => 0xb000 * 16 + Oxb7ff = Oxbb7ff

e What is A20?
» [f800:8001] => 0x1000017?
» [f800:8001] => 0x17?

* FYI, segment registers are:
%cs — code segment

%ds — data segment

%es — extra segment

%fs

%gs

%ss — stack segment

Start of segment 3

Address: 0x28C0:0000
- Ol‘ -

0x2143:0x77D0

Linear address: 0x28C00

Start of segment
Address: 0x2143:0000
Linear address: 0x21430

Start of segment
Address: 0x0CEF:0000
Linear address: 0xOCEFO0

Segment 3
Segment address: 0x28C0

Segment 2
Segment address: 0x2143

Segment 1
Segment address: 0xOCEF

Main memory

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



CPU / Registers / Memory

General-purpose registers

eip

200 ~ 300 clk

C—)

Cache

L1 (3clk)
L2 (7clk)
L3 (30clk)

Hidden register. You cannot access it Segment registers, stores CPL/RPL



Recap - JOS Boot Sequence

e OxfO00:0xfffO — BIOS
e Loads boot sector — runs 0x7c00
e Enable A20

* Enable protected mode (enabling 4GB memory access)

e Read kernel ELF (Executable Linkable Format)



Need for Protected Mode:
No Memory Privilege in Real Mode

Main Memory

| IS8 () S+ - 0 (
(/& %,-&'(0-&
| 1"#$"%&'('%))*&+)," ) #'&#-./0' Program A

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

| I"H$%E& )+,




1386 Protected Mode

Logical Address

| 1$$2',('345'637$8, 7'4&%9*0#($*'5,87 & fser, 5

Selector Offset
! 45'*6*-I20'%',*$&*5)"'*$_,)*"
| 7,*8*9)#" | —
f
16 s
—>» 8| Base | Limit | Flags
of — — _
GDT/LDT

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



1386 Protected Mode

Logical Address

31 16 |15 0
Base 0:15 Limit 0:15
63 56|55 52|51 48|47 40|39 32
Base 24:31 | Flags Limit Access Byte | Base 16:23
16:19
1:,%&

| (50"< 2.)'%--"*,,

1 10-0(

O

16 32
Selector Offset
3p 20 12
16 o
—>» 8| Base | Limit | Flags
O —_— —_— —_—
GDT/LDT

| <>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



1386 Protected Mode

| 1$$2',('345'637$8,7'48%69*0#($*'5,87&:
| 45-%6*-20'%0', *$&*5)" ., )*"
| 7,%8*O)"

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

I G%5'%991f,(offset < limit) or
I G%5'%991f,{offset < limit * 4096)
I Depending on the values in flags!

Logical Address

16

32

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

Selector Offset —»?—ﬂ
3p 20 12
16 o
—>» 8| Base | Limit | Flags
O —_— —_— —_—
GDT/LDT



1386 Protected Mode

80386 Segment descriptor

3 83 2 2 2 2 2 2 2 2 2 2 11 1.1 1 1 1 1 1 1 0 0 00 O O O O O O
i 0 9 8 7 6 5§ 4 3 2 1 0 9 8 7 6 56 4 3 2 1 0 9 8 7 6 656 4 3 2 1 0

Base[0..15] Limit[0..15]

6 6 6 6 5 5 5.5 5 656 5 5 &5 5 4 4 4 4 4 4 4 4 4 4 3 3 3_3 3 3 3 3
3 2 1 0 9 8 7 6 56 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2

Base[24..31] G D 0 U Limi[16..19] P DPL S X C R A Base[16..23]

I H'=H"%518%".)0'7>'1'20)*?'E'l'+%%$*:
 0: Limit will be byte granularity "#$#%&" (") %&*+',&-.. $Y&81. 234
* 1: Limit will be page granularity "#$#%&" (") &5& 67 898AR®. (%4

1 J'KJ*/%18)'#+*"%5-'",.L*'7>'1'ER.) ?'E'l";,<2.):
* Set the values of IP/SP with respect to this bit

I M?I{'M*%-%28*0C6*91)%28*

1 JIP'K-./01234"1#512627.8.#9.6.7#:,<=<;<#(2>8#9.6.77
o 7&1"<;8)&>"% 1, 2, @&!"*AS/E"2

For more information: https://en.wikipedia.org/wiki/Protected mode



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

Protected Mode - Examples

| 2@?A?@B?B?
1 3%,*Q'>6>
| P.&.)"P6--"-Q">6////[>>>
| R//,*)Q>6F>F>

I R/[,*)'S'P.&.)7>6F>F>'S'>6/////>3>:

L (--"*,,Q">6F>F>

Logical Address

16

32

O

Selector Offset
3R 20 12
16 )\
—>» 8| Base | Limit | Flags
0 —_ —_ —_
GDT/LDT

I’ #$%&() *+,-%.9/01( | +2,-%.$3%4 5+,-%.$6708

G=1

0x31310000 Ox1
8 0x40000000 0x80000
0 0x0 Oxfffff

G=1




Protected Mode - Examples

| 7@BA?@B?B?
1 3%,*Q">6@>>>>>>>
| P.&.) Po--":Q'>6F>>>>>>
| R/, *)Q'>6F>F>

I S6F>F>'S'>06F>>>>>>

L (--"*,,Q">6@>>>F>F>

16

Logical Address
32

o

Selector Offset
3p 20 12
16 )\
—>» 8| Base | Limit | Flags
0 —_ —_ P
GDT/LDT

I’ #$%&() *+,-%.9/01( | +2,-%.$3%4 5+,-%.$6708

0x31310000 Ox1
8 0x40000000 0x80000
0 0x0 Oxfffff

G=1
G=1



Protected Mode - Examples

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

e Address: 0x31310333

* 0x10:0x8080
e Base: 0x31310000
e Limit (addr): 0x1000
e Offset: 0x8080
e Offset > limit
* Access denied!

Logical Address
16 32

Selector Offset %?—ﬂ
3R 20 12
16 )\
—>» 8| Base | Limit | Flags
0 —_ —_ —_
GDT/LDT

'#$%&O *+,-%.$/01( | +2,-%.$3%4 5+,-%.$6708

0x31310000 0x1000

8 0x40000000  0x80000

0 0x0 Oxfffff

G=1
G=1



Protected Mode - Memory Privilege

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

| C*$(89(&>"-$>8ES ™ 78=8 7% $E'-&-$*F#*0=07&+&
I >'7>>KU.$U*)?’'RV'W*'5*8
| E'7>EKRV'W*"'5*8

C(:&(7:$<=:$2:%@%7(8('$DE$=2(:0.%=&1B

I 1 1 1 1 11
| <7TE>RU.$U”, )1 "8"X*8+ 'X'8*9$i?:;$<::$>&?:%@%7(8('$0??7%Ao.%:&15
| J7TEE:K1*" 8*X*8'+". X.8*%*

80386 Segment descriptor
83 3 2 2 2 2 2 2 2 2 2 2 1 1 11 1 1 1 1.1 1 0 0 0.0 0 0 0 0 0 O

1 0 9 87 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 09 8 7 6 5 4 3 2 10
Base[0..15] Limit[0..15]
6 6 6 6 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 3 3 3.3 3 3 3 3
3 21 0 9 87 65 4 3 21 09 8 7 6 5 4 3 2 10 9 8 7 6 5 4 3 2

Base[24..31] G D 0 U Limit[16..19] P |DPL| S X C R A Base[16..23]




Protected Mode - Memory Privilege

| G$'-&-$*F'#*0=07&+&'0.7*&,7"-$>&

| C*$(&9(&>"-$>8ES "+ 7&=8& 7% $E'-&-$*F'#*0=07
I >'KU.$U*,)?'RV'W*"5*8
l EKRV'W*"'5*8

Least privileged

I <'KU.$U*,)'1,*"8*X*8'+". X.8*$*
I KL *" 8*X*8'+". X.8*$*

Most privileged

I 5F#09,77FH'?'0%'E$*'2&*.&7TH'I'0%'E$*"" % &*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
I J*/.5*-' . 5YU*8%,)'<'2.),'#/)U*'Y9, "*$.,)*"
| Z#1'9%5'9U%58 580" X.idall  / Iljmp /trap/ int

"#$%&'() | *+,-%.$/01( | +2-%.$3%4 5+,-%.$670¢

16 9EFG  0x31310000 0x1000 G=0, "H3I*
8 CFGJF3 0x40000000 0x80000 G=1, "H3I2
0 CFGJF3 0x0 Oxfffff G=1, "H3I2



Descriptor Privilege Level Defines
Ring Level

| KC1'L'K"**&.('C*0=07&+&'1&=&7
I J*/.5*-' . 5YU*8%,)'<'2.),'#/)U*'Y9, "*$.,)*"
| Z#1'9%5'9U%58 580" X.idall  / Iljmp /trap/ int

l M@ ,-#7&%
1 Y9, II'>6F I'E>>>'.5'2.50%"07'8%,)'<'2.),'%"* [GNEM CPT
1 YO, II'>6E:"""I'E>>EE'.5'2.5%"0?'8%,)'<'2.),'%"&" VCMT
1 Y9, II'S6E>"""I'E>>>>'.5'2.50%"0?'8%,)'<'2.),'%"X3CMACPT

LY, II'>62"""II'ESEE D
"H$9%&'() | *+,-%.$/01( | +2-%.$3%4 5+,-%.$670¢
15 5210 16 9EFG  0x31310000  0x1000 G=0, "H3I*

CS/DS/ES Selector index T Tl  Table index (0=GDT, 1=LDT) 8 CFGJF3 0x40000000 0x80000 G=1, "H3I2
RPL Requester privilege level
0 CFGJF3 0x0 Oxfffff G=1, "H3I2

R
FS/GS/SS oy




Descriptor Privilege Level Defines
Ring Level

| KC1'L'K"**&.('C*0=07&+&'1&=&7
I J*/.5*-' . 5YU*8%,)'<'2.),'#/)U*'Y9, "*$.,)*"
| Z#1'9%5'9U%58 580" X.idall  / Iljmp /trap/ int

| &#XY%67?'Y, & .&+#,,.28*T

I G%5'#580'&#X*'-#ab
e CPL==0, then 1jmp 0x3:0x1234 is BC&)*&$DS$.E)$
* CPL==3,then 1jmp 0x0:0x1234 is+*)&-"*AS$F
“+,-96.$/01( 5+,-%.$670¢
16 9EFG  0x31310000  0x1000 G=0, "H3I*
8 CFGJF3 0x40000000 0x80000  G=1,"H3I2
0 CFGJF3 0x0 Oxfffff G=1, "H3I2



OK, Kernel (Ring 0) can execute
code In (Ring 3) via |jmp 0x3:0x1234

| 5/&.H'$)'9,.)&+$'8,92'($'2&*.& TN

| 0&'9,.'%)0(9/'E*$-"*0.+'?'($*0.+''=0,7P-#
| 8b&+6:0>6E<:@

| 0&'9,..$('%)0(9/'E*$-"*0.+'1'($*0.+'2'=0, 7P-#
| 8b&+6>Q>6E<;@"88*$%8'.5,)"19).#5

| O&"%80*&(QYoF % SR Yo E(%6)0(9/ E*S-0.+'1'($*0.+'?
| ¢*'a.88'8*%"5")U.,".5'a*W'@



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

| R.'8$$(8$$(S!
| YO, )+#.5)>'d' 6/ 5P
Y- VB S A6/ 5 P>

| T.7F'2&*.&7'9,.', 998%%' (/$%&'()$'%8+-&. (
I"#$ | *+,-%.$/01( | +2-%.$ | 5+-%.%
i 3%4% 67081

.p2align 2 Oxfffff  G=1,W
. "H3I2
Oxfffff  G=1, XR
¢ "H3I12
( , Ox0, Oxffffffff) 0 0

N0) ¢
, 0x10



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

31 30 29 28 19 18 17 16 15 6 54 3 2 10
P|C|N Al W N(E|[T|E|M|P
CRO G|D|W M| |P E|T|S[M|P|E
PE  Protection enabled ET Extension type NW Not write-through
MP  Monitor coprocessor NE Numeric error CD Cache disable
EM Emulation WP  Write protect PG Paging
TS  Task switched AM Alignment mask

1&('CMBC*$(&9(&>'&..,87&>:1($077'&..,.87&' C*$(&9(&>'US$>&

In JOS:

1. Load GDT

2. Read CRO, store it to eax
3. Set PE_ON (1) on eax

4. Put eax back to CRO
(PE_ON to CRO!!)




How to Change CPL?

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

s $

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

.set
.set

.p2align 2

(
(

, 0x0, OXFFFFFFff)



Protected Mode Summary

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

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

| GU%5$.5$'GM>")#'*50628* +"#)*Q)*-'&#-*
* CRO_PE_ON ==1, set via eax

I GU%5$.5%'G!Pf

Logical Address

16

32

O

Selector Offset
3p 20 12
16 )\
—» 8| Base | Limit | Flags
0 —_ —_ —_
GDT/LDT

* |ljmp %cs:xxxxx, set the last 2 bits of %cs as 0 for kernel, 3 for user



Virtual Memory

| 5/*&&'+3$,7%

1 €"%5,+%"590
1 C//.9.*590

| 1"#)*9).#5



Uniprogramming Environment

| <"'$.&'HFB+,-

Stack - 1

Free (576 KB)
0x10000 ~ 0xa0000
(64KB ~ 640KB)

| 5/&'#*$+*,-'9,."" % &'
'&'$*F'%#,9&'E*&&7 FJ Program Code - 1

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Uniprogramming Environment

| <"'$.&'HFB+,-

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

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Uniprogramming Environment

| <"'$.&'HFB+,-

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

Free (64 KB)
0x90000 ~ 0xa0000
(576KB ~ 640KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

Free (192 KB)
0x50000 ~ 0x80000
320KB ~ 512KB

Free (64 KB)
0x30000 ~ 0x40000
(192KB ~ 256KB)

Program Code - 1 (128KB)

0x10000 ~ 0x30000
(64KB ~ 192KB)

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Multi-programming Environment

| < O HESH* %

Stack - 2 (64KB)

Program Code - 2 (128KB)

Free (64 KB)
0x90000 ~ 0xa0000
(576KB ~ 640KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

Free (192 KB)
0x50000 ~ 0x80000
320KB ~ 512KB

Free (64 KB)
0x30000 ~ 0x40000
(192KB ~ 256KB)

Program Code - 1 (128KB)
0x10000 ~ 0x30000
(64KB ~ 192KB)

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Multi-programming Environment

| <" 0SS %

| IF%(&-V%'-&-$*F "%, +8&'
>&(&*-0.&%',77$9,(0$.

| C*$+*,-'.&&>'($'8&,),*&'SE' (/&
&.=0%$.-&.(
| cU*"™* ' 0,)*&'8#%-,'&0'O#-*f
| Z#1'9%50)'-*)*"&.5*",0,)*&'-#* DD

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

Stack - 2 (64KB)

Free (64 KB)
Dx90000 ~ 0xa0000
(576KB ~ 640KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

Program Code - 2 (128KB)

Free (192 KB)
0x50000 ~ 0x80000
320KB ~ 512KB

Free (64 KB)
0x30000 ~ 0x40000
(192KB ~ 256KB)

Program Code - 1 (128KB)
0x10000 ~ 0x30000
(64KB ~ 192KB)

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Multi-programming Environment

| < O HESH* %

Stack - 2 (64KB)

Program Code - 2 (160KB)

Free (64 KB)
0x90000 ~ 0xa0000
(576KB ~ 640KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

Free (96 KB)
0x68000 ~ 0x80000
416KB ~ 512KB

Free (128 KB)
0x38000 ~ 0x58000
(224KB ~ 352KB)

Program Code - 1 (160KB)
0x10000 ~ 0x38000
(64KB ~ 224KB)

0S
0x00000 ~ 0x10000
(0 ~ 64KB)




Multi-programming Environment

Stack - 2 (64KB)

Free (64 KB)
0x90000 ~ 0xa0000
(576KB ~ 640KB)

| <" O HS+H*,-%
| I"#$"%&,.L*Q'B@]3'h'B@]3'h'EB>]'I'<FF]3

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

Program Code - 2 (160KB)

Stack - 1 (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

Free (96 KB)
0x68000 ~ 0x80000
416KB ~ 512KB

Free (128 KB)
0x38000 ~ 0x58000
(224KB ~ 352KB)

| K,..$(*"'C*$+* - DX
| G%5g)'.)’

Program Code - 1 (160KB)
0x10000 ~ 0x38000
(64KB ~ 224KB)

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

g 0S
DO 0x00000 ~ 0x10000

(0 ~ 64KB)




Multi-programming Environment

Stack - 2 (64KB)
! <"_'()$'#*$+*,_% |7 Stack (64KB)
0x80000 ~ 0x90000
(512KB ~ 576KB)

| O/,('OE'C*$+*,- KV%'%(,92".>&*E7$)%N Program Code - 2 (128KB)

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

! OO(/ $"(':O*(",7"&'$*F Program Code (128KB)
| 1"#$5"%&,'9%5'%//*9)")# ) U*'#)U*"g,*6*91).#5 0x10000 ~ 0x30000
(64KB ~ 192KB)
G$'0%%$7 : (O$- S'!&9"*O(F'#*$87&-S OxOOOOOC')"SOX10000
(0 ~ 64KB)




Virtual Memory

| 5/*&&'+$,7%
| €'%5,+%"*590Q'-#*,'5#)'5**-"\#'W5#a',0,)*&g,'.5)*"5%8',)%)*
* Program A is loaded at 0x8048000. Can Program B be loaded at 0x80480007

| 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?

| 1"#)*9).#5Q". . #8%)*'+"#3$"% &g, *6*91) #5*5X."#5&*5)

e Can we prevent an overflow from Program A from overwriting Program B’s data?



Paging
| Z'-&(/$>'SE'0-#7&-&.(0.+'=0*(", 7'-&-%*F

| I#70('-&-$*F'0.($'-"7(0#7 & [H?\]'SF(&'87$929580K
| P%,)";'-.$.),"#/'+%%$*'%--"*,,'%"*'[CMR'7.5'U*6%-*9.&%8:
| CD$D?'>6>?'>6E>>>7">6<>>>?" ?7'>S6F>@F>>>?'>6F>@%>>>7" ?'>6)//+>>>7

I ,=0.+',.'0.>0*&9("-, #'8&()&&.'=0*(", 7'#,+&',.>'#/F%09, 7'#,+&
| V*)'%5'%"2.)"%"0'X.")1%8'%--"*,,'#" %'+%$*?"*D$D?'>6 FEFEK>>>
1 V*)'%'+U0,.9%8'%--"*,,"Y#)U%)'+%3*'%,'%'&%+?*D$D?'>6,;,<>>>
| >6FEFEk>>>'d'>6FEFEK///'a.88'2*')"%5,8%)*-'.5)#
| >6;<>>>'d">6;<///



Virtual Memory - Paging

Physical Memory

| =0.+,.'0.50*89((,87&'(/,(- #%'=0N>>* (S HFU>>*

Stack
Oxbffdf000
K%:.>07 HLM1%AO07
Program code
0x8048000 0x10000 0x14000
Program code 0x8049000 0x11000
0x804a000 0x804a000 0x14000
P'(')‘z(gsroag ggge Oxbffdfo00 0x12000 Stack
0x12000

Program code
0x11000




Paging: Virtual Memory

Physical Memory

Stack-2

I ,=0.+",."0.>0*&9('(,87&'(/,('- #%'=0¥(>>* ($'#/FU>>* 0x17000

Stack-2 Stack K%:.>07 HLM1%AO0 Program code-2

Oxbffdf000 Oxbffdf0O00 0x8048000 0x10000 0x16000
0x8049000 0x11000 Program code-2
0x15000
0x804a000 0x14000
Program code
Program code-2 Program code
0x804a000 0x804a000
%:>
Program code-2 Program code RSN Stack
0x8048000 0x13000
0x8049000 0x8049000 0x12000
0x8049000 0x15000
Program code

Oxbffdf000 0x17000 -




5% Ob#,*&. OFA>$&%0'. (. &&>'($'2.5)' %F%(&-V%'0.(&*.,7'%

CH*$+* -'Z'0%'7$, >8> 1 S
K, .'C*$+*,_';'8&'7$,>&>',(' N Physical Memory

Stack-2

I ,=0.+",."0.>0*&9('(,87&'(/,('- #%'=0¥(>>* ($'#/FU>>* 0x17000

Stack-2 Stack K%:.>07 HLM1%A0 Program code-2

OxbffdfO00 OxbffdfO00 0x8048000 0x10000 0x16000
0x8049000 0x11000 Program code-2
0x15000
0x804a000 0x14000
Program code
Program code-2 Program code s "
0x804a000 0x804a000
%: >
Program code-2 Program code HLM1 /QAO7 Stack
0x8049000 0x8048000 0x13000
0x8049000 X 0x12000
0x8049000 0x15000
Program code

Oxbffdf000 0x17000 -




MEEO090A'SE .$("),%(&'-&-$*F
K,.'C*$+* -"'6

$E'-8-$*F 0% E*&&H™*8+,*>T&%%'SE'0(%', 77
! ,:O.+',.'O.>O*&9('(,87&'(/,('-,#%':O*{>>* ($-#/FW>>*

Stack-2
OxbffdfO00

Stack
OxbffdfO00

Program code-2

Program code

0x804a000 0x804a000
Program code-2 Program code
0x8049000 0x8049000

0x8048000
0x8049000
0x804a000
Oxbffdf000

0x8048000
0x8049000
0x804a000
Oxbffdf000

'8&'7$,>&>'0E

K%:.>07 HLM1%A0

0x10000
0x11000
0x14000
0x12000

0x13000
0x15000
0x16000
0x17000

Physicai viemory

Stack-2
0x17000

Program code-2
0x16000

Program code-2
0x15000

Program code
0x14000

Stack
0x12000

Program code
0x11000




C*$(&9(0B'0%S$7 (&' #*$+*, V%' &@&9"(0$.'&.=0*$.-&

K,.\&#*&=&.(',. E*$-
$=&*)*0(0.4- \
Stack-2 | Stack
I’ Oxbffdf000 I’ Oxbffdf000
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