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The Analysis of Memory Map for
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ABSTRACT

In this paper, the Linux kernel memory map was analyzed as the approach to Improving performance
for Embedded Linux system. Since the Linux kernel memory map supporting a stability and various H/W
platforms and in which it becomes to the general purpose system with optimization manages the role of
being important in the booting time and the efficient system utilization of resources, the analysis of the
kernel memory map is required for the performance improvement of the Embedded Linux system in which
it is restrictive the resources. According to the analysis result, and of the Linux kernel memory, the
booting speed of and improvement of the memory efficiency were confirmed. It is therefore considered that
the proposed in this paper and kernel memory allocation method are suitable to the memory availability

improvement of the Embedded Linux system.
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1. gl = A= o] Fe A

HE2 AFE AleS Kb, Rxr| A
(bootable device:T= ZEIT|~I EE St
23)E AHgste] AFEVE 53 ¢ =S Al

2Ho| IAAE EH 9 Fs& IVEe=
Zrgdoltt. &, AFH A2®E AlFsAU %7
ARste= As &3t

|

|| [emel ea

|
Embedded System H/W.

a9 1. s PR3

AR Mol gadavd CPUS T8}
71 Aol BIOS(Basic Input/Output System)& =
718} &1 CPU &< AAstA "t CPU9
T&°] ANZ AZ HATH CPUE Bootstrap
Process (BSP)E Adsted FEZAS Al&sHAl
Hrh

FE Al 2(Boot Sequence)= Al=Elo] A
o] ZojeAY A=H"S AAFEE B Ade
2rstr] 7kAe] dde] #AFolgta & F o
o] #A Fole Hz=r|AgA| A 7de vy
o AAsts s Ad7kA #Adsel JAR, 1
oA 7 AddE= A4 BIOSO ofs 3yl
A= A Fgolth. BIOS= IBM &3 7%
PColA Mol Eoloe FA F5H= A
2 & (Flash Memory)&] & $)of(Firmware)©]H,
&3] ROM BIOSZ1LE FEET}[9]

CPUl o3 A WAZ AYH= HHo=
Reset Vectorgl &2 16 byte ZEAFH A
Zkgth. ©] Reset Vector= BIOS entry point®l
w3 E =29 XJUMP to 0xF0000)Z 7 Z&}e}
© BEo7E ZHol Ak wiRY kel
AHE-E] = 00000000091 41 0x000A0000(640KB)7}+A]
= O0S7l AMg3ste Data®ddel Ho. HEF
0x000A0000 “FHDH& Al=mlgHolz} sta st
$1E 0OS Data ¥golgta @3l = 3t} [13]

OxFFFFFFFR 4GB

Jump to 0xFO000

Reset vector

OXFFFEFFFO 4 GB-16 byte

Compressed
Protected-mode Kemel

Big kernel Image -
0x100000 I

- -
0xF0000 960K

Extended System BIOS

_OXFFFFE- 1MB

0xF0000 960K
System BIOS Plug and play Extended

0XE0000 Information (64K)

896K
Optional Adapter ROM BIOS or

806K RAM UMBS (80K)

_ 0xCC000;
Expansion Area IDE Hard Disk BIOS ROM (16K)
788K 0xC8000 800K

ldeto) el e (e VGA Video BIOS ROM (32k)

Access

0xA0000 640K
Accessible RAM N
Memory
0 ok

1% 2. BIOS POST #4 wlxg] W

0xC0000
VGA Color Text Mode Video RAM (32K)

0xB8000
VGA Monochrome

~0xB000O Text Mode Video RAM (32K)

0xAG000. VGA Graphics Mode Video RAM (64K) 640K

2. POST #A <3

POST(Power-On Self-Test)= A28 W] X
S5 AAEt 2 R/7E AEAE FokdiH, A7
LAHH A 2"S AAAZG POST 3 A3t
H/W7} A2Jolg}d BIOSE INT19(Interrupt 19)
g YA A oS FAE WY F=EF vk A~
g Ule] EHAA(VGA)E HAsta, AL
o] & BIOS7} A=A F<lste], sid BIOSE
s34 "okl =842 AAE g¢rHd 7]
B A9 F7F H2EE Iy POST A4
< @83 HW BIOSE R 7bed X oA

e

3. MBR(Master Boot Record)

MBR(Master Boot Record) =& TE|A AE =
e Y HEZYAA (Ex. steraa)e] A A
Bl (AE 0)¢] 512byte A5 A E{o]t},

a9 3 MBRS TEE UE Zlojth R E
2He +9A4Ae 7d oA & MR ¢
=°17] #l3l BIOSAIM E&Edh= ZRIFo|th
sterzas BEEkE 4 A A AEd
MBRel= SEJA Hol&3 AFd LIAA7 S
ollE e fAE ¢ol Bole AL Z=E
7ol £ Stk olZlo] REFECIY. o]
2o g FEHA HolE FoAM &4
(Active)ZH 15 Tl FRE &FAAT S
© JEAS dohiiAl FH[10]

Magic Number (0xAA55)
bytes Partition 4
16 byte
Partition 3
16 byte
Partition 2
16 byte
Partition 1
16 byte

Partition table
64 bytes

Bootloader
(FnEH)
446 bytes

1% 3. MBR 7%
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PHlTI= 22 7de] dade s A9 vime] f 24

shue] Rz7|Ax A 5 FEA
A YE F 7] W&ol 2zt e Frt
6 byte? 47Hi AA=Eo] ot AREHAZ F3
S 9 48 2o FxE AAEH QATh[14]

o2 477}

=

101 1 1 1 1 1 1 1 1 1 1 1 1 1 1
byte | byte | byte | byte | byte | byte | byte | byte |byte | byte | byte | byte | byte | byte | byte | byte

([ chsBegin | (chsEnd |

% 4. Partition Table T-Z(16byte)

([ LBABegin | ([ Numberof Sectors |

Relative
Offsets Length Contents
(within entry) | "Y'
0 1 |Boot Indicator (80h = active)
1-3 3 Starting CHS values
4 1 Partition-type Descriptor
5-7 3 Ending CHS values
8 - 11 4 Starting Sector (LBA)
12 - 15 4 Partition Size (in sectors)

¥ 1. Partition Table =7][14]

@D Boot Indicator
Booting®] 7F&&t FEIHAAE EASHH, skt
o] "Hzd # T EA%H. FHEe] ks
3 0x80, OMEE 0x002.2 FA5tH At}

2 Starting CHS values / Ending CHS values
g @ w2 CHS(Cluster, Header,
Sector)@t= EA T CHSO| WS doi7hd,
FE FF FFE 7|Z9t}.

@ Partition-type Descriptor
FEHY F¥ES Adle Ze=E, HE File
System?| TFE FAZT

= Partition 3

0x07 | NTFS, OS/2

0x05 | Extended Partition

0x0B | FAT 32

0xOE | FAT 16

0xOF | Extended Partition, exp INT 13h

0x1B | Hidden FAT32

0x42 | Secure File System

0x81 | DR-Dos

OS2 Linux Swap partition, Prime or
Solaris (Unix)

0x83 Linux native file Systems ( EXT2/3,
JES, Reiser, xiafs, others)

0x1B | Hidden

3 2. Partition-type Descriptor

@ Starting Sector(LBA)

It

o] &&Fo] AAE IARE CHS/F BE A
o]2E 7AWslr] JEoIA L, WFTERE Lot
4w Zell HZol= LBAYA S o8
Atk LBAE CHS9t= 2 AETE 7
3 JATE BIOSO| A LBAE A|Y3lA| &
BT HA Fote A= Uk

® Partition Size(in sectors)

Starting Sectorol Al mlAE AEE 7| F3}A
%3 FEA Ale]2E o] & gtk TEiA whA
9 ME= Starting Sector + Partition Size7}

Ho.

o 4 o 2 o o
w g bR
¥

. ®E=T (Boot Loader : Grub)
(Boot Loader)® 7tebs] wafA 3%
71 WA A Z2 ol
0S¢ AES 2csln 24 #Ad 3
ZEE A dAFE d& P GNU
GRUB2 ¥# A&l GNU HurdE 913 72
HAAT 2 945 715 "ol gszdAx
A2k LILO th4l GRUBS AR&3dhs AMEAREC]
s ‘:} GRUB @A gm2=E HIRsto #
FA ALt Chain-Loadings  AH-&-3l=
ﬂlﬂle Z=¥ 4 9tk GRUBS M
Z EA4L JIAzEY A 29E oFdte
Holth, wehA fz=adols A3 E42 9
AE & e flo] &x FAHFA 7do] fxs}
I e FEARE €1 JoH AdE 25
Ak LILO® A¢ FE=RECLZ Ade s=tx
=
A

(I
m
HU

HEEHE

el =ElA ) fAE < Slojok o whet
ALS oA AXE weitt lile’ S Ay F
EZHE oAl AXs Folof stARE, GRUB
A5 dHT & H57] wEo] sdre] vk
2 ge & oA A8 & Favt ok
A GRUBL B3 2& 7ss< Ao
@D aout ¥97} ELEX99] A Al&7}%
@ Linux, FreeBSD, NetBSD, OpenBSD% H|-HE]
FE 74dS A
® HEE BE 25
@ "H2E o] AA A AF

® W¥F AEFH ol A2 AF

® HFa3 74‘1“‘:6}01 QEIH 0| A5 AlF
@ ThF3E SIS XY
GRUBS| H8 oAE 2~3T2AIE AXA

A Hr
Zt GAE Stagest FEH, W& <FE 3>¢
Z2th[12]

oA &
MBR®l| 9]3} Loading® ] GRUB
Stage 11 o) Aojg 24 =
Stage 25 E#H Q7] #3f EdHs}
(Sgliioifl) Al A}%QE File System< 418
@_r T AT
ZMIE A F e Wy
Stage 2 =
§Pﬂ4°i 2 dste A o)

¥ 3. GRUB @4
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Stage 2 GAloNA 7dS AdEsA HE FE
2= v Adgd 7Ad dFolvAE &
A Ha ARE A6 dEe T F UAEF
odE ALE dA FA doh

0x080000

O | byte Fixed SCRATCH oK
0<07E00 v i e

0x070000 BIOS track Read buffer
Filesystem info buffer 416K

Jump to 0xFO000

Reset vector
OxFFFFFFFO

4 GB-16 byte
Compressed 0068000
Protected-mode Kemel 0x01A400

Big kernel Image
0100000 1MB

OxFFFFF 0x017F41
00141
0xF0000 960K

0x00FE41

Stage2
(105 kbyte)

Boot Command-Line
(256 byte)
Stack/heap for rea-mode.
Kemel code (32 kbyte)
Real- mode kemel code
(32kbyte)
kemel headerfields
(63byte)

Extended System BIOS
896K/

0x007E41
0x007E02

Expansion Area 0<007E00 (7bute) ¢ y
16 bit Kenel header (15byte)
768K 00! | gtageT (bootioaden
" Loaded hereby the BIOS
Video Card Memory 0x007C00 (497 byte)

Access Stage 1.5 (optional)
L

0xA0000 640K 0002000 oaded hereby Stage 1 ax
. 0x001000 16 bit Stack area
Accessible RAM ox000g00 |__Peserved for MBR/BIOS
Memory <0000 |_TYPICalY used by MBR (51 2byte)
0 Ok——— 0x000000 BlOSUse Onby 13

1% 5. GRUB A3 % w=zg W

Real-modekemel entry point
byte)

5. A4

A= Adolm A wet wWmele 9127}
A A Aok YitHow & A2 ¢5H
ojm A= w9l g (0x100000 :
AR A =i, shFH olnAE £7]93
T Setup code= WEE Y HFH
of AlojdE 45 Al ZE9] head 3252
FA "Btk head 325 ¥ES A5
misc.c WHo| = decompress_kernel()
3EF3e 4FE ASA Hoh g=ol
T HEZAHO2Z  mainco E3HE

start_kernel()& A3 3tA == Zolth[4]

[N
<
RARCC )

2
N
=)
o ot S N ob o 9 G aft

-

B
2
g
S
e

[

2

o
30 2L ) 4o gt X

0x0A0000 640K
0x080000
0078000

Generdl storage heap 480K
x077E0D |2 2byte Fixed SCRATCH area
BIOS track Read buffer

0x070000 = abutt
0x068000 ilesystem info fer 416K

0x01A00
Stage2
(105 kbyte)

OR0LTEAL Boot Command-Line
(256 byte)
Stack/heap for red-mode
Kermnel code (32 kbyte)
Real- mode kemel code
(32 kbyte)
kemd headerfields /
(63 byte) /
Real-mode kemel entry point /
(2byte) /
16 bit Kemel header (15byte) /

0x017E41

O=00FE4I

URO07EAT

0xD07ED2

0x007E00
0x007DF1

Bootoader
F 2599

Stagel ( 446 bytos
Loaded herebythe BIOS /l
007C00- (497 byte)
Stage 1.5 (optional) /

Loaded h by Stage 1

0x002000 oacts heTe Eyaie [ )</ 7
e 16 bit Stack area .-
ioaugon | Reservedfor MBR/BIOS o

Typically used by MBR (512byte) |

BIOS Use Only

0x000600
0=000000

B AP E dugs A2He] SAAA=
AHEET e Hua 7Ade AdEsE g

sea dasEs v
A9 He e e
R EIRES npe
veERdy BEY His,
sAos AY ouxe ARt Y A7t
JuitI= Azdle] AAA A
2 5 gl wel.
POST IHAHA HWEE

o] =
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