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N

Introduction of uClinux(1/2)
» What is uClinux? L.( g;j

— A Linux derivative which is independent from the H/W su bOr
Paging Management of MMU. |
LN

— The first uClinux - 1998, Linux 2.0 g

— Currently, under merging state into the mainline kernel 2.6.
(m68knommu, v850, h8300 is done)

— Supported Architectures :

 Motorola M68K/ColdFire, ARM 7/9/10/11, Intel 1960, Sun
SPARC, ADI BlackFin, Axis Etrax, PRISMA, Atari 68k, Xilinx
Microblaze, NEC v850, Hitachi H8

— Market and Devices :

» Gateways, VolP phones, Blutooth devices, web-cams, Auto

Vehicle Locators, Security Appliances, Handhelds
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Introduction of uClinux(2/2)
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18.0% 1

___________________________ W Past 2 years
The one of 14 0% + e

the mostused Linuxdistribdt®éngd # _® =~~~
in real embedded systems '%%%7
on commercial product.”

16.0% 1

0% T HN B B B Wl e
0% AN By

4.0%+
2.0% 1 il ol ="

0.0% -

"Home grown" .
LClinux
Debian 8
Fed Hat

Montavista (g
Other 2
Metrowerks
Suse [f
Mandrake
Timesys
LinuxPPC
Denx (ELDK) |f
Sysgo (Elin0S)
LynuxWorks
FEMLabs

e Snapshot of the Embedded Linux market -- March, 2004 , linuxdevices.com
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& the Benchmark-

Introduction of

Linux 2.6 for MMU-less ARM Project (1/3)

Linux 2.6 for MM ss ARM Project - Mozllla Firefox

File Edit View Go Bookmarks Tools Help

®.
@v - @ @ &) http://opensrc.sec.samsung.com/notice.html H 9 G~ i
Getting Started  Latest Headlines ~
&) Llnux26f. (L] Jaluna ['A Embedded Li... |7 uClinux-Em... | ] Firmware-Ar.. |.] eLinux2.0@... | .| http:/...e.htm
{ A
\ Llnux 2.6 for MMU-less ARM Project |
- The Project

Hotice Hy cf] of 'lmbench lat_ctx results of Linux 2.6.11.6 noMMU mode vs. MMU mode
I %:—:%fﬁ“ V8. Montavxsta Linux 2.4.20-mvista' and the graphs are linked in the document section. It shows that the
performance is improved over 2.6.7-hsc0 result."

ol writes "a t

10 anncunced updated MPU / noMMU ARM patch against linux-2.6.11.8 kernel,
8-h ch.az on the download section.

ChangeLog:
a. s3c24a0 platform supports both of MMU(Linux) and noMMU(uClinux) boot.
b. DMA support is re-written (by Catalin Marnias, catalin.marinas@arm.com)
c. ARM Integrator platform support (by Catalin Marnias)
d. ARMv6 support (tested on arm1138 and arm1156)
& P2001 platform is updated (by Tobias Lorenz tobias.lorenz@gms.net)
- automatic memory detection (2-64MB), cpufreq, uart updated
- RMII support for p2001_eth.c
- supported platforms: . N
MAZBR/LPEC P2001, Elmeg D@VOS44.dsl, p / / p m q m /
Telekom T-Concept X1524 DSL, Telekom T-Eumex GBOLLH = O e n S rC = S 6" C l S a S u n = C O

f. several common fixes added.

linux-2.6.11.6-hsc0 patch is announced..

announced updated MPU / noMMU ARM patch against linux-2.6.11.6 kernel,
z on the download section.

Done

| Pantiy cloudy, 20°C %5 || 22°c %8| 22°c £2| 14°c @| 26°C £¥| 11°C &
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W Merging of Linux/uClinux 2.6
>~ & the Benchmark-

Introduction of

Linux 2.6 for MMU-less ARM Project (2/3)

e Latest version : 2.6.12-rc3-mm3-hscO
e URL : http://opensrc.sec.samsung.com/

e Supported Platforms:
— ARMY
e Atmel AT89x(7tdmi), Samsung S3C3410(7tdmi), S3C4510b(7tdmi),
S3C44B0OX(7tdmi)
- ARMO9
= Samsung S3C24A0(926ej), S5C7375(920T), SSH5002(940T),
P2001(9TDMI)

- ARM11 ﬂ

e ARM Integrator-CP Series(various including v6 architectures)

— Known to Support
e TI1 DM270, Philips LPC22xx, Apple iPod, S3C2500

* Sony Clie-SL10, Nintendo-DS
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N

Introduction of

Linux 2.6 for MMU-less ARM Project (3/3)

e Why uClinux/ARM 2.67

Lightweight

» Complete Linux 2.6 preemptible kernel zimage : 300KB

e 30—~50% lighter application binary (flat-binary/uClibc/c++)
Light Latency

e Much faster context switching, FIFO troughput
XIP (eXecute In Place)
Cheaper

e MMU core size in typical ARM SoC wafer is about 30%.
Full Linux API

» Support the full Linux API, with few exceptions like fork().
Easier to adapt

» Firmware code runs as a plain uClinux application with a bit of wrapper.
Full Linux 2.6 kernel features

» Supports full filesystems, device drivers.

20054 5& 14< CE Linux Forum Korea Tech Conference 8



-Merging of Linux/uClinux 2.6
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File Option Help

e | Il E
Option #*/| option ]
--Memory Management Support PARSNER
iy L OSharp LH7A40X
L, 0TI OMAP
~OVersatile
--Code maturity level options _'O'MX_
1 G_eneral setup = — O Hynix-HMS720x-based
“..EConfigure standard kernel featu —OSamsung S5C7375
-Loadable module support ~BSHMSUNg Sa-2470 T
L — -Processor Type
- 1.53C24A0 Implementations i UPPOR ARMUIET pOCRERO!
L Bus support --Processor Features o
L.PCCARD (PCMCIA/CardBus) supp(_| -~ Support Thumb user binaries
~-Kernel Features ~DDisable I-Cache
- Bosk oliors -DDisable DCache
--Floating point emulation - OForce wn't(-j‘ through D-cache ' .
e AT et 4-| ORound robmi]]l]]]]]and D cache re::lacement algorithm - 3
-.Power management options b
--Device Drivers MMU (MMU)
-.Generic Driver Options
. Parallel port support It's the traditional "Linux" memory mangement type.

- Plug and Play support
--Block devices
10 Schedulers
--SCSI device support
- Multi-device support (RAID and LV
- Fusion MPT device support
- |EEE 1394 (FireWire) support

2005 LE' 5% 14% -120 device support | 9

Select if you want MMU based virtualized addressing space support
by paged memory management.

If you don't know what is uClinux or MPU, simply select this.
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File Option Help

o e | ILE

Option * ] option |#|
-~Memory Management Support AR
| O Sharp LH7TA40X
-{OTI OMAP
~OVersatile
--Code maturity level options OIMX
-.General setup = — O Hynix-HMS720x-based
“..EConfigure standard kernel featu —OSamsung S5C7375
--Loadable module support ~®Samsung S3C24A0
L system Tyé - OAtmel AT91xxx
| 1.83C24A0 Implementations R BAMANNE SSALEX
L Rus suppont ~OESPD 45108 / Samsung S3C45108
L.PCCARD (PCMCIA/CardBus) suppe_ [ | |~ ©Samsung S3C4480
~-Kernel Features ~OP2001
.-Boot options --Set flash/sdram size and base addr
- Roeting poiiit siafeiion -(0x10000000) (S)DRAM Base Address ?
-Userspace binary formats ={0x04000000) (SIDRA SIZE +
«| | -
--Power management options Il AL
--Device Drivers NONE (NO_MU) i
- Generic Driver Options
. Parallel port support It's very typical memory management type of "uClinux.”
~Plug and Play support )
5 Block devices For example, arm7tdmi based platform has no memory management hardware |
unit =|

.10 schedulers
-.8CS| device support

like MMU or MPU.

~Multi-device support (RAID and LV |} and for performance issue or somewhat other reasons, this type can be chosen
~Fusion MPT device support even for MMU based platforms, too. In this case, the MMU table typically
- |EEE 1394 (FireWire) support linearly mapped before the jump to kernel. e.g. SSC7375.

2005 LE' 5% 14% -120 device support =

- | «in| ||Itis supported as the singular address space memory management.

10

@] |
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File Option Help

o e | ILE
Option *! | option #]
--Memory Management Support PRRSEEUOESOG
L OMMU - OSamsung S3¢2410
-~ O Shark
~ QO Sharp LH7A40X
- Code maturity level options [T OMAP
--General setup "OVersatile
‘@ Configure standard kernel featu -OImX l
-.Loadable module support — O Hynix-HMS720x-based
. — --@Samsung S3C2500
1. Bus support =& Set flash/sdram size and base addr
L PCCARD (PCMCIA/CardBus) supp ~(0x10000000) (S)DRAM Base Address =
L ~(0x04000000) (S)DRAM SIZE
.-Boot options || —(0x00400000) FLASH Base Address
~-Floating point emulation ~(0x00400000) FLASH Size
--Userspace binary formats FRIAREES0F TYRe .
--Power management options | Pracessor Festures | L3
--Device Drivers * il I
I Generic Driver Options MPU (MPU)
~-Parallel port support
~-Plug and Play support It's one of the "uClinux" memory management type.
--Block devices
L_10 Schedulers Some cores of ARM series have a Memory Processing Unit(MPU) which

supports sectioned memory management. e.g. arm940T
--SCSI device support Epo : ¥ & €

~Muilti-device support (RAID and LV || by can be supported as singular addressing space memory management

~Fusion MPT device support which is linearly mapped from the physical address space.
- |EEE 1394 (FireWire) support

120 device support Refer your platform architecture manual and select this if your core has MPU.
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File Option Help

o e | ILE

Option #/| option
Code maturity level options = --iE_IKemeI support for flat binaries
- General setup |_ | ;—Enab!e ZFLAT support
“-@Configure standard kernel featu . —DEnable shared FLAT support
Loadable module support OKernel support for a.out and ECOFF binaries

2. System Type OKernel support for MISC binaries
| 1.53C24A0 Implementations ~ORISC OS personality
--Bus support

£ PCCARD (PCMCIA/CardBus) suppc—|
- Kernel Features
--Boot options
- Floating point emulation
- Userspace binary formats
--Power management options
--Device Drivers
- Generic Driver Options

- Parallel port support | T l %
--Plug and Play support !
1 Block devices Kernel support for flat binaries (BINFMT_FLAT)

10 Schedulers

.SCS! device support Support uClinux FLAT format binaries.

-Multi-device support (RAID and LV

- Fusion MPT device support

--|EEE 1394 (FireWire) support

--120 device support

~Networking support

~ISDN subsystem

--Input device support pe

—Hardware 1/0 ports * 12
: i)
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File Option Help

o e | ILE

Option #/| option
Code maturity level options = --iE_IKemeI support for flat binaries
- General setup |_ | ;—Enab!e ZFLAT support
“-@Configure standard kernel featu . —DEnable shared FLAT support
Loadable module support OKernel support for a.out and ECOFF binaries

2. System Type OKernel support for MISC binaries
| 1.53C24A0 Implementations ~ORISC OS personality
--Bus support

£ PCCARD (PCMCIA/CardBus) suppc—|
- Kernel Features
--Boot options
- Floating point emulation
- Userspace binary formats
--Power management options
--Device Drivers
- Generic Driver Options

- Parallel port support | T l %
--Plug and Play support !
1 Block devices Kernel support for flat binaries (BINFMT_FLAT)

10 Schedulers

.SCS! device support Support uClinux FLAT format binaries.

-Multi-device support (RAID and LV

- Fusion MPT device support

--|EEE 1394 (FireWire) support

--120 device support

~Networking support

~ISDN subsystem

--Input device support pe

—Hardware 1/0 ports * 13
: i)
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Recent Changes of ARM Linux Kernel

)\ Shell - Konsole <25 -Io x;‘

hyoksung@hyoklinux diffstat -pl linux-2.6.12-rc3-mm3-hscO-arm kernel.patch 1i L
nux-2.6,12-rc3-mm3-hscO-kconfig_makefile,patch

arch/arm/Kconfig | 163 +++++t+ttdtrtitbb bbb bbb - -
arch/arm/Kconfig-nommu 57 ++++tdttrtidt

arch/arm/Makefile 51 +++++tdtbti-

arch/arm/kernel/Makefile 9 +-

arch/arm/kernel/calls.S 16 +++

arch/arm/kernel/entry-armv. S 8 +

arch/arm/kernel/entry-common.S 2

arch/arm/kernel/head-common. S 171 ++++++++++++++++++++++ bbb
arch/arm/kernel/head-nommu. S 119 ++++++++++++++++++++++++++++
arch/arm/kernel/head. 5 162 ---ccmcmmmcccmcmmmcccmcmm s m s n e e
arch/arm/kernel/module.c 8

arch/arm/kernel/process.c 4

arch/arm/kernel/setup.c 42 ++++++++++

arch/arm/kernel/sys_arm.c 2

arch/arm/kernel/traps.c 25 +++++

arch/arm/kernel/vmlinux.lds.S | 2

16 files changed, 664 insertions(+), 177 deletions(-) |
hyoksung@hyoklinux

L
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Shell - Konsole <2>

hyoksung@hyoklinux 2.6, 1] diffstat -pl linux-2.6.12-rc3-mm3-hscO-arm_mm.patch
arch/arm/mm/Kconfig | 144 ++++++tttdt----

arch/arm/mm/Makefile | 12 +

arch/arm/mm/cache-v4.S | 10 +

arch/arm/mm/consistent-nommu.c | 207 ++++++++ddttdtbtibitt
arch/arm/mm/fault.c | 20 ++

arch/arm/mm/fault.h | 3

arch/arm/mm/init.c | 57

arch/arm/mm/ioremap.c | 12 +

arch/arm/mm/mm-armv. c | 19 ++

arch/arm/mm/proc-arml020.5S | 21 ++

arch/arm/mm/proc-arml020e.S | 21 ++

arch/arm/mm/proc-arml022.S | 21 ++

arch/arm/mm/proc-arml026.S | 21 ++

arch/arm/mm/proc-armb_7.5S | 37 +++

arch/arm/mm/proc-arm720.S | 29 +++

arch/arm/mm/proc-arm/740.5 | 333 ++++ttttbdbbbb bbb bbb bbb
arch/arm/mm/proc-arm/tdmi.S | 384 ++++++++Hbtib bbbt
arch/arm/mm/proc-arm920.5 | 21 ++

arch/arm/mm/proc-arm922.S | 22 ++

arch/arm/mm/proc-arm925.S | 25 ++

arch/arm/mm/proc-arm926.5S | 21 ++

arch/arm/mm/proc-arm940.5S | 215 +4++dddtbtbt bbb bbbt
arch/arm/mm/proc-arm946.S | 212 #+++ttttbbbbb bbb bbb+
arch/arm/mm/proc-arm9tdmi. S | 255 +++++tttitbbt bbb bbb
arch/arm/mm/proc-s3c4510b. S | 383 ++++++Httir bbb R
arch/arm/mm/proc-sall@.s | 20 ++

arch/arm/mm/proc-salloo.S | 24 ++

arch/arm/mm/proc-syms, c | 3

arch/arm/mm/proc-v6.5S | 28 ++

arch/arm/mm/proc-xscale.S | 3

30 files changed, 2532 insertions(+), 51 deletions(-)

hyoksung@hyoklinux




)

' Shell- Konsole <2>

hyoksung@hyoklinux 2.6, 1] diffstat -pl linux-2.6.12-rc3-mm3-hsc0-asm.patch
include/asm-arm/bugs.h | 5 +
include/asm-arm/byteorder.h | 8 ++
include/asm-arm/cacheflush-nommu.h | 49 +++++ttitrdbbb++
include/asm-arm/cacheflush.h | 30 ++++btiitt
include/asm-arm/cpu-multi32.h | 5 +
include/asm-arm/cpu-single.h | 5 +
include/asm-arm/domain.h | b ++
include/asm-arm/flat.h | 20 ++++++
include/asm-arm/glue.h | 24 ++++++++
include/asm-arm/hardware.h | 23 +++++++
include/asm-arm/hardware/dcc.h | 49+ttt btbbbt
include/asm-arm/mach/arch.h | 15 +++++
include/asm-arm/memory.h | 33 ++++btbitdt
include/asm-arm/mmu. h | 8 ++
include/asm-arm/mmu_context.h | 6 ++
include/asm-arm/nommu, h | 19 ++++++
include/asm-arm/nommu_context.h | 46 +++++++++++++++
include/asm-arm/page-nommu. h | 54 ++++++++HHHHEHEEH
include/asm-arm/page.h | 6 ++

include/asm-arm/pgalloc.h | 7 ++

include/asm-arm/pgtable-nommu, h | AR R
include/asm-arm/pgtable.h | 7 ++

include/asm-arm/proc-fns.h | 35 ++ddbtbbtbd
include/asm-arm/processor.h | 8 ++

include/asm-arm/procinfo.h | 11 +++

include/asm-arm/system.h | 6 ++

include/asm-arm/tlb.h | 10 +++

include/asm-arm/tlbflush.h | 9 +++

include/asm-arm/uaccess-nommu. h | 37+ttt
include/asm-arm/uaccess.h | 10 +++

30 files changed, 659 insertions(+)

hyoksung@hyoklinux
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Recent Changes of ARM Linux Kernel

t=' Shell- Konsole <2> BEEE
include/asm-arm/nommu. h 19
include/asm-arm/nommu_context.h 46
include/asm-arm/page-nommu. h 54
include/asm-arm/page.h b
include/asm-arm/pgalloc.h 7
include/asm-arm/pgtable-nommu. h 108
include/asm-arm/pgtable.h 7
include/asm-arm/proc-fns.h 35
include/asm-arm/processor.h 8
include/asm-arm/procinfo.h 11
include/asm-arm/system. h 6
include/asm-arm/tlb.h 10
include/asm-arm/t1lbflush.h 9
include/asm-arm/uaccess-nommu. h 37
include/asm-arm/uaccess.h 10
include/linux/serial_core.h 14
localversion, hsc |
mm/nommu. C | 12
306 files changed, 32517 insertions(+), 278 deletions(-)

hyoksung@hyokLlinux
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File Edit Miew VYar Break Bun CPU Misc Trace Ped Cov  &RM Linux  Window Help
HE & »n ¥ 7N SHam doe @ :
L) SECY375 T32 JTAG Terminal

"F Down Args Localz Caller Taszk: ar k-

PU: ARMIZGEJ-Sid{wb) [41869264] revision 4 (ARMYSTED) L] | Sys_;saf(3224838352 ~
PUA: D VIVT write-back cache él] F_- @ EE339EEé

PUB: I cache: 16384 bytes, associativity 4, 32 byte lines, 128 sets L _x :

PUA: D cache: 16384 hytes, associativity 4, 32 byte lines, 128 sets - count = 3224688388)

inux version 2.6.12-rc3-mn3-hsc@ (hyoksungBhyoklinux) (gcc version 3.4.8) #2 F ~
i May 13 14:21:25 KST 2085

achine: Samsung-SHDK240A - Fliﬂ_—qﬂxﬁﬂ339Eﬁﬂ
emory management: Paged (MMU) ' :E t_ ded = 8
arning: bad configuration page, trying to continue + fpu :nee ed =
emory policy: ECC disabled, Data cache writeback *pos = @

uilt 1 zonelists

ernel command line: root=/dev/ram initrd=Ax108000A8,4H keepinitrd
ID hash table entries: 512 (order: 9, 8192 hytes)

EBUG: PCLK=55000808, Prescaler=16, Divider=2 et of frane
EBUG: timer count 17187

Timer Initialized.. IRQ=44

entry cache hash table entries: 16384 (order: 4, 65536 bytes)

Inode-cache hash tahle entries: 8192 (order: 3, 32768 bytes) ;
emory: 64MB = 64HB total \@
emory: 59648KB available (826K code, 134K data, 64K init)

ount-cache hash tahle entries: 512

PU: Testing write buffer coherency: ok

hecking if image is initramfs...it isn't (bad gzip magic numbers); looks like

-081|ret_fast_syscall(asm)

initrd <z
of tlockup thread @ started up.
inux HoHET1.8 for Linux 2.6 I'El
PU clock = 2208.808 Mhz, HCLK = 118.88@ Mhz, PCLK = 55.888 Mhz =
ndk_init: initialize smdkZ4a@ hoard l[ M Step || Over |[ 3 Mest |[ Retun][ ¢ Up J[ » Go [ 00 Break [ B Mods |
et BANK1 register (Bx78, Bx3748) line code label mnemonic conmer
etlinder Floating Point Emulator Y8.97 (double precision)
inotify device minor=63
CC: JTAG1 Serial emulation driver driver $Revision: 1.1 § return ret;
ttydd at HMIO Bx12345678 (irg = @) is a DCC 327||+
io scheduler noop registered :CARGI9IB) (A7 AAAAE 1 nov rl,r?
io scheduler anticipatory registered EED:EEEEBSBE 28DR4BE2 sub ri3,r11,#8x20
io scheduler deadline registered CD:CAR6I9AR FBAISDES ldmia ri13,{r4-r8,r11,r13,pc}
io scheduler cfq registered EXPORT_SYMEOL_GPL{sys_read);
AMDISK driver initialized: 16 RAM disks of 4896K size 1824 bhlocksize
loop: loaded (max 8 devices) aswlinkage ssize_ t sys write{unsigned int f£d, consi|
AMDISK: romfs filesystem found at block 8 331 |{
AMDISK: Loading 738KiB [1 disk]l into ram disk... done. CD:COARIIA4 PDCAAREL  sys_write:mov riz,ri3
F5: Mounted root (romfs filesystem) readonly. CD:CAREI9A8 FEDIZDET stmdb  r13!,{r4-r8,r11-riz,ris
reeing init memory: 64K CD :CABGIIAC [94BA4CER sub ri1,r12,#0x4
hell invoked to run file: setc/rc CD:CAR6I9BA ACDA4DEZ sub ri3,r13,#0x0C
onmand: hostname smdk24a@ CD:CAR699B4 |A150ARE 1 nov r5,ri
ommand: stty erase ~H int fput_needed;
tty: Bad command or file name
onmand: /binsexpand setc/ramfs.img /dev/raml 336 file = fget_light(fd, &fput_needed);
ommand: mount -t proc proc /proc CD:CAB6EIIRS (24104BE2 sub ri,ril,#0x24
ommand: mount -t extZ Adev/raml Avar ~ 8CD :CABG99BC (MZ4000E 1 nov r4,r2
< CD:CAREIICA DARIARER bl AxCABGA93A
ACT : CARRAArA [7MGAARE? ath rh.ri1 . #Ax2T
[ ermlate ][ trigger ][ devices ][ trace ][ Data ][ War ][ FERF ][ S'Stem ][ Step ][ Go ][ Break ][ Register ][ 2rmbol ] [ hbL ][ other ][ presions ]

CR-rTh-CIrEI992 A yrnbernret read wrbet cne read«llvERrmlat ~Hy strarred bl (R]=] | ]



SEEESEEEEEE NE (mEee) G

“* TRACE32 |
File Edit Miew “ar Break Bun CPU Misc Trace Perd Cov ARM  Linux  MWindow Help
MK 3 & 1B RN Sl seis @2

0 S5CYa75 T32 JTAG Terminal

inux version 2.6.12-rc3-mn3-hsc@ (hyoksung@hyoklinux) {gcc version 3.4.8) #1 ~ 3 Down Args [ Locals [ Caller Task:

i May 13 14:89:31 KST 2885 .

PU: ARMOZGEJ-Sid(ub) [41869264]1 revision 4 (ARMVSTEJ) 800]\cpu_arn526 _do_idletasn) s
PUA: D VIVT write-back cache aB1||detault_idle()

PUB: I cache: 16384 bytes, associativity 4, 32 byte lines, 128 sets
PUA: D cache: 16384 hytes, associativity 4, 32 byte lines, 128 sets

achine: Samsung-SMDKZ4A0
emory management: Hon-Paged {unused/nolMU}
uilt 1 zonelists

ernel command line: root=/dev/ram initrd=8x10800008,4H keepinitrd

ID hash table entries: 512 {(order: 9, 8192 bytes)
EBUG: PCLK=55808088, Prescaler=16, Divider=2
EBUG: timer count 17187

Timer Initialized.. IRG=44 d /% TODO %/
entry cache hash table entries: 16384 (order: 4, 65536 bytes) cpu_do_idle(/%0%/);
Inode-cache hash table entries: 8192 (order: 3, 32768 hytes) a82||cpu idle(g - o
enory: G4MB = GAMB total PO
emory: 59984KB available (6B4K code, 138K data, 68K init) . .
ount-cache hash table entries: 512 lﬁqi_eg?nt(éed_1d;ea?§§rt),
hecking if image is initramfs...it isn’t (bad gzip magic numbers); looks like while '?gi E;?Sc -
ptee A3 ||start_kernel() e
R e " Coman_line - 0x100cFez9
PU clock = 220.A08 Mhz, HCLK = 110.880 Mhz, PCLK = 55.000 Mhz —
mdk_init: initialize smndk24a@ board < L4

et BANK1 register (Bx78, Bx3748)
inotify device minor=63

CC: JTAG1 Serial emulation driver driver $Revision: 1.1 %

ME=5

#include {linux/config.h>
#include <asm/arch/hardware.h}

static inline
void arch_idle(void)

[ M Step |[ # Over || & Newt |[ ¢ Retun][ @ Up |

P Go ]m Break] ff;f Mode

ttyJd at MMIO Bx12345678 (irq = @) is a DCC addr/line  code label mnemnonic commen
io scheduler noop registered SR:1081E418 |182FB1EE mcr pi5,8:8,r2,cl1,cl,Bxp
io scheduler anticipatory registered 111 ner pl5, 0, r0, ¢7, 0, 4 g W
io scheduler deadline registered SR:10A1E414 (9AAFBT7EE ncr pi5,8x0,r8,c?,cl,Bx4
io scheduler cfq registered 112 wer pls, 0, rl, cl, ¢0, O € R
AMDISK driver initialized: 16 RAM disks of 40896K size 1824 blocksize 1A1FAIEE ncr pi5,6x8,r1,c1,ch,BxA
loop: loaded {max 8 devices) 113 nNov pc, lr
AMDISK: romfs filesystem found at block @ SR:10A1E41C BEFOABEL mov pc,ri4
AMDISK: Loading 458KiB [1 disk]l into ram disk... done.
FS: Mounted root (romfs filesystem) readonly. P
reeing init memory: 6OK * flush_user_cache_all()
hell invoked to run file: fetc/rc *
ommand : hostname smdkZ4a@ * Clean and invalidate all cache entries in a
onmand: stty erase ~H * address space.
tty: Bad command or file name */
onmand: /bin/expand /etc/ramfs.img /dev/ranl ENTRY (arm926_f lush_user_cache_all)
xecution Finished, Exiting /% FALLTHROUGH */
ash command shell {version 1.1.1) /%
> 1 * flush_kern_cache_all()
*
* Clean and invalidate the entire cache.
*/
ENTRY{ arm926_f lush_kern_cache_all)

F::

[ emmlate ][ frigger ][ devices ][ frace ][ Data ][ War ][ FERF ][ Sv'Stem ][ Step Go

J

][ Break ][ Reqister ][ 2rmbol ] [

ML

J

ather ][ presions ]

SRA0DDEAS “\vwmlinu=Globalcou am926 do ide+0=13

2.6
ark-

stopped Pl P
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-Merging of Linux/uClinux 2.6
& the Benchmark-

The Benchmark (1/6)

e ARMO9 Cache and TLB architecture

VA Lﬁ PA
TLB Per
- |-Cache
cPU Memory
D-Cache
Data
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W -Merging ofglc_itnhuxllguCIir;]ux 2k6
The Benchmark (2/6)

e Imbench — benchmark program for performance testing
over UNIX (McVoy. L., Staelin. C., USENIX Proceedings 1996)

e The FIFO structure of the modified lat_ctx

20054 5& 14< CE Linux Forum Korea Tech Conference 21



Imbench lat ctx result Copyright © 2005, Hyok S. Choi, Samsung Electronics Co.,Ltd. All rights reserved.

[Samsung S3C24A0(Arm926ej), 200MHz]

Clinux 2.6

processes uclinux-2.6.11.6 linux-2.6.11.6 linux-2.4.20-mvista

size=0k ovr=10.30

size=0k ovr=14.19

S e nchmark-

2 6.49 96.15 79.42
4 13.34 99.49 78.45
6 19.15 101.55 83.91
8 21.72 116.1 78.45
10 20.75 111.05 77.36
12 22.02 107.78 83.9
14 23.2 109.22 83.74
16 23.72 105.92 79.03

size=1k ovr=18.38

size=1k ovr=19.76

size=1k ovr=15.38

2 68.91 195.78 196.79
4 125.45 217.87 196.02
6 139.46 204.04 197.2
8 147.54 205.21 196.33
10 150.56 202.95 196.31
12 151.65 208.61 195.73
14 152.41 209.37 196.62
16 153.07 207.43 196.31

size=16k ovr=139.14

size=16k ovr=104.56

size=16k ovr=104.30

2 2258 302.47 319.19
4 259.76 318.16 319.29
6 269.49 316.56 318.57
8 264.81 316.31 32011
10 264.4 309.81 321.38
12 261.77 316.04 318.33
20054 58 14< 14 261.77 316.53 318.14 22
16 261.85 316.54 318.42




Copyright © 2005, Hyok S. Choi, Samsung Electronics Co.,Ltd. All rights reserved.

-Merging of Linux/uClinux 2.6
& the Benchmark-

< Linw¢ noMMU mode
——Linux MMU mode
—g—Montavista Linux

Context ayitoh time[as]

2 4 B g 10 12 14 1a

Proce=szses
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Copyright © 2005, Hyok S. Choi, Samsung Electronics Co.,Ltd. All rights reserved.

[Z'-[I'/”{,(’ /"0[1{/]7 -Merging of Linux/uClinux 2.6

The Benchmark (5/6) o

Imbench lat_ctx result

context switch time [us]

2 3 E g 10 12 14 18
processes
& uClinux-2.6.11.6[0k] & uClinux-2.6.11.6[1k] o uClinux-2.6.11.6[16K]
20054 52 14 - - - linux-2.6.11.6[0K] —& —linux-2.6.11.6[1k] —m - linux-2.6.11.6[16Kk] 24
— o= linux-2 4 20-mvista[0k] —<&— linux-2.4 20-mvista[1k] —0O— linux-2 4 20-mvista[16k]




Copyright © 2005, Hyok S. Choi, Samsung Electronics Co.,Ltd. All rights reserved.

-Merging of Linux/uClinux 2.6

The Benchmark (6/6)

e |PC Performance

250.00 — 25.00
20.95
200.00 | : 20.00
13.89
150.00 | 1 15.00 .
4.01 = bw_pipe(MB/s)
100.00 | | 1000 |~ lat_fifo(us)
50.00 5.00
89
0.00 0.00

Linux-2.6.11.6 uClinux- Linux-2.4.20-
2.6.11.6 mwvista

Linux-2.6.11.6 uClinux-2.6.11.6 Linux-2.4.20-mvista
lat_fifo(us) 200.28 37.89 134.01

bw_pipe(MB/s) (*12.58) 20.95 22.47 13.89
20054 5& 14< CE Linux Forum Korea Tech Conference (*) wastheresultof Linux-2.6.7. 25




| - & the Benchmark-
What’s the Next?

e Completion of sharing the arch with RMK
e Completion of V6 support

e MPU support
— Manual Memory Protection

e Porting XScale, StrongARM
and so on...
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