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Ozet

Bu belge Linux i386 6nylkleme kodu icin bir ¢alisma kilavuzu ve kaynak kod ac¢iklamalari sunar.
C-benzeri yalanci kaynak kod agiklamalarina ek olarak, ¢ekirdek geligtirme ile ilgili arag silsilelerinin
6nemli notlarini ve belirtimlerini de sunar.

Asagidaki konularda yardimci olmak igin tasarlanmistir:

® (Cekirdek konusunda acemilerin Linux i386 6nylkleme kodunu anlamasi ve
® (Cekirdek konusunda tecribelilerin Linux ényUkleme iglemini hatirlamalari.
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decompress_kernel () ayrintilari eklendi; TLDP son gézden gecirme hatalar dizeltildi.
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Linux 2.4.20’ya uyarlandi.
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DocBook XML bicimine déntstardlda.

Yasal Aciklamalar

Bu belgenin, Linux i386 Onytikleme NASIL cevirisinin 1.0 siirim(in(in telif hakki © 2006 A. Kemal Ok-
men’e, 6zgiin ingilizce siriminiin telif hakki © 2003, 2004 Feiyun Wang'a aittir. Bu belgeyi, Free Soft-
ware Foundation tarafindan yayinlanmis bulunan GNU Ozgiir Belgeleme Lisansinin 1.2 ya da daha sonraki
strimiinln kosullarina bagl kalarak kopyalayabilir, dagitabilir ve/veya degistirebilirsiniz. Bu Lisansin bir
kopyasini [GNU Free Documentation Licensd (sayfa: 66) baglikii bélimde bulabilirsiniz.

BU BELGE "UCRETSIZ" OLARAK RUHSATLANDIGI iCIN, ICERDIGI BILGILER iCIN ILGILI KA-
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olmasi ona onay verildigi anlaminda gérilmemelidir.
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Giris
Bu belge Linux i386 6nyikleme kodu hakkinda bir ¢galisma kilavuzu ve kaynak kod agiklamalari sunar. C—benzeri

yalanci kaynak kod agiklamalarina ek olarak, ¢ekirdek gelistirme ile ilgili arag silsilelerinin énemli notlarini ve
belirtimlerini de sunar. Asagidaki konularda yardimci olmak igin tasarlanmistir:

® (Cekirdek konusunda acemilerin Linux i386 ényikleme kodunu anlamasi ve
® (Cekirdek konusunda tecriibelilerin Linux énylkleme iglemini hatirlamalar.
Bu belgede Linux 2.4.20 temel almistir.

Bu belgenin proje sanalyéresi|Q_t:|1rJa_LmJ.J_x_EQr_um]m tarafindan sunulmaktadir. Belge ile ilgili calismalar ayrica
yazarin kisisel sanalyoresi [Yahoo! GeoCiieslZde bulunabilir.

1.1. Tesekkur
Kilavuzun gevirisi sirasinda yardimlarini esirgemeyen [Necdet Yucel®2'e tesekkir ederim.

1.2. Geribildirim

Bu belge i¢in geribildirim memnuniyetle karsilanir. Eklemelerinizi, yorumlarinizi ve elegtirilerinizi asagidaki
eposta adresine génderiniz:

® Feiyun Wang <feiyunw (at) yahoo.com>

1.3. Ceviriler

Ozgiin ingilizce belge ve Tiirkge cevirisi.

Linux Makefile’lar

Linux kodunu incelemeden énce Linux’un nasil olusturuldugu, derlendigi ve baglandi§i konusunda bazi temel
fikirlere sahip olmaliyiz. Bunu en bastan baslayarak yapmanin bir yolu Linux makefile’lari anlamaktir. Gevrimigi
kaynak gésterimini tercih ediyorsaniz [Cross—Referencing L|nux|aa baglantisini kontrol edin.

2.1. linux/Makefile

Bu Ust seviye icin bazi iyi bilinen makefile hedefleri sunlardir:

xconfig, menuconfig, config, oldconfig
linux/.config ¢ekirdek yapilandirma dosyasini Uretir;

depend, dep
alt dizinlerde 1inux/ .depend, 1inux/.hdepend ve .depend gibi bagimlilik dosyalarini Uretir;

vmlinux
en 6nemli hedef olan 1inux/vmlinux yerlesik ¢ekirdek gérintlsinG Gretir;

modules, modules_install
/1lib/modules/$ (KERNELRELEASE) igcerisindeki modulleri Uretir ve kurar;

tags
MmIB2 ile kaynagin goriintilenmesi icin 1inux/tags etiket dosyasini Uretir.

[http://belgeler.orq Linux Kitapligi 4 /I
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linux/Makefile anahatlari ile agagidaki gibidir:

include .depend
include .config
include arch/i386/Makefile

vmlinux: linux/vmlinux lretir

/* "stext" giris noktasi arch/i386/kernel/head.S dosyasinda tanimli*/

S(LD) —-T $(TOPDIR)/arch/i386/vmlinux.lds —e stext

/* $(HEAD) */

+ from arch/i386/Makefile
arch/i386/kernel/head.o
arch/i386/kernel/init_task.o

init/main.o

init/version.o

init/do_mounts.o

——start—-group

/* S$(CORE_FILES) */

+ from arch/i386/Makefile
arch/i386/kernel/kernel.o
arch/i386/mm/mm. o

kernel/kernel.o

mm/mm. o

fs/fs.o

ipc/ipc.o

/* S (DRIVERS) */

drivers/...
char/char.o
block/block.o
misc/misc.o
net/net.o
media/media.o
cdrom/driver.o
and other static linked drivers
+ from arch/i386/Makefile

arch/i386/math—-emu/math.o (ifdef CONFIG_MATH_EMULATION)

/* S (NETWORKS) */

net/network.o

/* $(LIBS) */

+ from arch/i386/Makefile
arch/i386/1ib/lib.a

lib/lib.a

——end—group

-0 vmlinux

$(NM) vmlinux | grep ... | sort > System.map

tags: vim i¢in linux/tags lretir

modules: modiilleri {iretir

modules_install: modilleri kurar

clean mrproper distclean: derlemenin yapildigi dizini temizler
psdocs pdfdocs htmldocs mandocs: ¢ekirdek belgelerini idretir

include Rules.make

rpm: bir rpm idretir

Burada ——start—-group ve ——end-group, sembol referans sorununu ¢ézmek icin 1d komut satiri segenek-
leridir. Ayrintilar icin|[Using LD, the GNU linker: Command Line Opt|ons|'-m belgesine basvurabilirsiniz.

[http://belgeler.orq Linux Kitaplig! 5 /77
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Rules.make ¢oklu Makefile dosyalari igin kurallar igerir.

2.2. linux/arch/i386/vmlinux.lds

Derlemeden sonra 1d birka¢ nesne ve arsiv dosyasini biraraya getirir, verilerini yeniden yerlestirir ve sembol
referanslari baglayip kapatir. 1inux/arch/1386/vmlinux.1ds dosyasl 1inux/Makefile tarafindan

yerlesik ¢ekirdek goériintisii 1inux/vmlinux ’un ilintlenmesinde kullanilan ilintileyici betik olarak tasar-
lanmustir.

/* 1386 Linux ¢ekirdedi olusturmak i¢in 1d betigdi
* Martin Mares <mj@atrey.karlin.mff.cuni.cz> tarafindan yazilmistir;
*/
OUTPUT_FORMAT ("elf32-i386", "elf32-i1386", "elf32-1386")
OUTPUT_ARCH (1386)
/* "ENTRY" linux/Makefile icinde "-e stext" komut satiri secenedi ile dedistirilil
ENTRY (_start)
/* Cikti dosyasi (linux/vmlinux) yerlesimi.
* Bakiniz [Using LD, the GNU linker: Specifying Output Sectionslﬁm */
SECTIONS
{
/* Cikti bolumi .text 3G+1M adresinden baslar.
* Bakiniz [Using LD, the GNU linker: The Location Counterlmﬂm */
= 0xC0000000 + 0x100000;

_text = .; /* Metin ve salt okunur veri */
.text @ {

*(.text)

*(.fixup)

*

.gnu.warning)

} = 0x9090
/* Tahsis edilmemis oyuklar 0x9090 ile doldurulur, &rn. "NOP NOP" icin opcode.
* Bakiniz [Using LD, the GNU linker: Optional Section Attributeﬂﬁﬂﬂ */

_etext = .; /* text bOlUminin sonu */

.rodata: { *(.rodata) *(.rodata.*) }
.kstrtab: { *(.kstrtab) }

/* Sonraki 16 baytlik sinira hizalandi.
* Bakiniz [Using LD, the GNU linker: Arithmetic Functionslmﬂm */

= ALIGN (16); /* Olagandisilik tablosu */
__Start__ ex_table = .;
__ex_table: { *(__ex_table) }
__stop___ex_table = .;
__start___ksymtab = .; /* Cekirdek sembol tablosu */
__ksymtab: { *(__ksymtab) }
__stop___ksymtab = .;
.data : { /* Veri */
* (.data)
CONSTRUCTORS

}
/* "CONSTRUCTORS" icin bakiniz:
* [Using LD, the GNU linker: Option Commandsl */

_edata = .; /* data boélUminin sonu */

[http://belgeler.orq Linux Kitaplig! 6 /77
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= ALIGN (8192); /* init_task */
.data.init_task: { *(.data.init_task) }

= ALIGN (4096); /* Init kodu ve veri */
__init_begin = .;
.text.init : (.text.init) }
.data.init : (.data.init) }

= ALIGN (16);
___Setup_start o B
.setup.init : { *(.setup.init) }
__setup_end = .;
__initcall_start = .;
.initcall.init : { *(.initcall.init) }
__initcall_end = .;

= ALIGN (4096);
__init_end = .;

{ *
{ *

= ALIGN (4096);
.data.page_aligned: { *(.data.idt) }

= ALIGN (32);
.data.cacheline_aligned: { *(.data.cacheline_aligned) }

__bss_start = .; /* BSS */
.bss : {

*(.bss)

}
_end = . ;

/* Cikti bolumi /DISCARD/ son ilintileme ¢iktisina dahil edilmeyecektir.
* Bakiniz [Using LD, the GNU linker: Section Definitionsl */
/* Cikarilacak bdlimler */
/DISCARD/ : {
*(.text.exit)
*(.data.exit)
*(.exitcall.exit)

}

/* Asadidaki c¢ikti bdlimleri 0. bellek konumuna adreslenmistir.
* Bakiniz [Using LD, the GNU linker: Optional Section Attributes|EDd */
/* Stab hata ayiklama bdlimleri. */
.stab 0: { *(.stab) }
.stabstr 0: { *(.stabstr) }
.stab.excl 0: { *(.stab.excl) }
.stab.exclstr 0: { *(.stab.exclstr) }
.stab.index 0: { *(.stab.index) }
.stab.indexstr 0: { *(.stab.indexstr) }
.comment 0: { *(.comment) }

2.3. linux/arch/i386/Makefile

linux/arch/i386/Makefile, linux/Makefile tarafindan i386'ya 6zel 6gelerin ve kurallarin
saglanmasi icin dahil edilmigtir.

[http://belgeler.orq Linux Kitapligi 7 /I
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Asagidaki butin hedefler linux/Makefile’inin vmlinux hedefine bagimlidir. Bunlar,
linux/arch/i386/boot/Makefile iginde bazi segenekler ile ilgili hedefler olusturarak yapilir.

linux/arch/i386/Makefile icindeki hedefler

Hedef Komut

zlmagem @$ (MAKE) -C arch/i386/boot zImagem

bzlmage @$ (MAKE) —-C arch/i386/boot bzImage

zlilo @$ (MAKE) —-C arch/i386/boot BOOTIMAGE=zImage zlilo
bzlilo @$ (MAKE) -C arch/i386/boot BOOTIMAGE=bzImage zlilo
zdisk @$ (MAKE) -C arch/i386/boot BOOTIMAGE=zImage zdisk
bzdisk @$ (MAKE) -C arch/i386/boot BOOTIMAGE=bzImage zdisk
install @$ (MAKE) —-C arch/i386/boot BOOTIMAGE=bzImage install

Bu makefile’in 1 inux /Makefile tarafindanihrac edilen bazi cevre degiskenlerini yeniden tanimlamasi 6nem-
lidir. Ozellikle:

| OBJCOPY=$ (CROSS_COMPILE) objcopy -O binary -R .note -R .comment -S |

Etki, altdizindeki makefile’lara gegecek ve aracin davranigi degisecektir. ob jcopy komut satiri segeneklerinin
ayrintilari icin[GNU Binary Utllities: objcopy|m’ye bakiniz.

$ (LIBS)'in nigin "$(TOPDIR)/arch/i386/lib/lib.a"yi iki defa icerdigi belli degildir.

| LIBS := $(TOPDIR)/arch/i386/1ib/lib.a $(LIBS) $(TOPDIR)/arch/i386/1ib/lib.a

Bazi arag dizileri ile ortaya ¢ikan ilintileme sorunlar Gzerinde galistirmak igin olabilir.

2.4. linux/arch/i386/boot/Makefile

linux/arch/i386/boot/Makefile ne linux/arch/i386/Makefile igerisine ne de
linux/Makefile igerisine dahil edilmedidi igin biraz daha bagimsizdir.

Bununla birlikte biraz iliski vardir:

® linux/Makefile:yerlesik cekirdek gorintlisl 1inux/vmlinux’u Uretir;
® linux/arch/i1386/boot/Makefile: dnylkleme kodunu Uretir;

® linux/arch/i386/Makefile: l1inux/vmlinux’un énytkleme kodu olusturulmadan énce hazir
oldugunu kontrol eder ve hedefleri 1inux/Makefile’aihrag eder (bzImage gibi).

zdisk, zlilo veya zdisk hedefleri icin gereken $(BOOTIMAGE) degeri
linux/arch/i1386/Makefile’dan gelir.

linux/arch/i386/boot/Makefile icindeki hedefler

Hedef Komut

zlmage || s (0BJCOPY) compressed/vmlinux compressed/vmlinux.out
tools/build bootsect setup compressed/vmlinux.out $(ROOT_DEV) > zImage

bzlmage || s (0BJCOPY) compressed/bvmlinux compressed/bvmlinux.out
tools/build -b bbootsect bsetup compressed/bvmlinux.out $(ROOT_DEV) \
> bzImage

zdisk |l dd bs=8192 if=$(BOOTIMAGE) of=/dev/£d0 |

[http://belgeler.orq Linux Kitaplig! 8 /7
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zlilo if [ -f $(INSTALL PATH) /vmlinuz ]; then mv $(INSTALL_PATH)/vmlinuz
S (INSTALL_PATH) /vmlinuz.old; fi
if [ -f $(INSTALL_PATH)/System.map ]; then mv $(INSTALL_PATH)/System.map

$ (INSTALL_PATH) /System.old; fi
cat $(BOOTIMAGE) > $(INSTALL_PATH)/vmlinuz
cp $(TOPDIR)/System.map $ (INSTALL_PATH) /
if [ -x /sbin/lilo ]; then /sbin/lilo; else /etc/lilo/install; fi

install sh -x ./install.sh $(KERNELRELEASE) $(BOOTIMAGE) $(TOPDIR)/System.map
"$ (INSTALL_PATH) "

tools/build {bootsect, setup, compressed/vmlinux.outfdan =zImage’l veya {bbootsect,
bsetup, compressed/bvmlinux,out}’dan bzImage'l derler. linux/Makefile "export
ROOT_DEV = CURRENT". Dikkat ederseniz $ (OBJCOPY) [llnux/arch/i386/Makefild (sayfa: 7) igerisindeki
linux/arch/1386/Makefile tarafindan yeniden tanimlanmigtir.

linux/arch/i386/boot/Makefile icindeki hedeflerin desteklenmesi

Hedef: Ongereksinimler Komut

compressed/vmlinux: linux/vmlinux @$ (MAKE) —-C compressed vmlinux

compressed/bvmlinux: linux/vmlinux @$ (MAKE) —-C compressed bvmlinux

tools/build: tools/build.c $ (HOSTCC) $ (HOSTCFLAGS) -o $Q@ $<
-I$(TOPDIR)/include®

bootsect: bootsect.o $(LD) -Ttext 0x0 -s —--oformat binary
bootsect .o®

bootsect.o: bootsect.s $(AS) -o $Q@ S$<

bootsect.s: bootsect.S ... $ (CPP) $ (CPPFLAGS) -traditional
$ (SVGA_MODE) $ (RAMDISK) $< -o $Q@

bbootsect: bbootsect.o $(LD) -Ttext 0x0 -s —--oformat binary
$< -o $@

bbootsect.o: bbootsect.s $(AS) -o $Q@ $<

bbootsect.s: bootsect.S ... $ (CPP) $ (CPPFLAGS) -D__BIG KERNEL_

_—traditional $ (SVGA_MODE)
$ (RAMDISK) $< -o $@

setup: setup.o $(LD) -Ttext 0x0 -s —--oformat binary
—-e begtext -o $@ $<

setup.o: setup.s $(AS) -o $Q@ S$<

setup.s: setup.S video.S ... $ (CPP) $ (CPPFLAGS) -D__ASSEMBLY

_—traditional $ (SVGA_MODE)
$ (RAMDISK) $< -o $Q@

bsetup: bsetup.o $(LD) -Ttext 0x0 -s —-oformat binary
-e begtext -o $@Q $<

bsetup.o: bsetup.s $(AS) -o %@ $<

bsetup.s: setup.S video.S ... $(CPP) $ (CPPFLAGS) -D_ _BIG KERNEL

_=D__ASSEMBLY _-traditional
$ (SVGA_MODE) $ (RAMDISK) $< -o $@

Dikkat ederseniz bootsect.S bbootsect.s’ye ve setup.S bsetup.s'ye derlendiginde -D_
_BIG_KERNEL_ _’e sahipti. Bunlarin kodlar1 Yerden Bagimsiz Kod (Place Independent Code — PIC) olmali,
bu durumda -Ttext segeneginin ne yaptiginin énemi yoktur.
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2.5. linux/arch/i386/boot/compressed/Makefile
Bu dosya gorintasianin sikistirilip ¢dzilmesi mekanizmasini yerine getirir.

Sikistirma/gézmeyi 6nylkleme kodundan ayirmak iyidir. Bu bél-ve—ybnet ¢bzimu bizim sikistirma/cézme
mekanizmasini kolayca gelistirmemize veya yeni bir 6nyikleme yéntemi uyarlamamiza imkan saglar.

linux/arch/i386/boot/compressed/ dizini head. S ve misc.c dosyalarini igerir.

linux/arch/i386/boot/compressed/Makefile icindeki hedefler

Hedef Komut

vmlinux® $(LD) -Ttext 0x1000 -e startup 32 -o vmlinux head.o misc.o
piggy.o

bvmlinux $(LD) -Ttext 0x100000 —e startup_32 -o bvmlinux head.o misc.o
piggy.o

head.o $(CC) $ (AFLAGS) -traditional -c head.S

misc.o $(CC) $(CFLAGS) -

-DKBUILD_BASENAME=S (subst $(comma),_,$(subst —,_,S$(*F))) —

-c misc.c@

piggy.o tmppiggy=_tmp_5$$$Spiggy; \

rm —f S$SStmppiggy $Stmppiggy.gz $Stmppiggy.lnk; \
$ (OBJCOPY) S (SYSTEM) SS$tmppiggy; \

gzip -f -9 < $Stmppiggy > S$Stmppiggy.gz; \

echo "SECTIONS { .data: { input_len = .; \
LONG (input_data_end - input_data) input_data = .; \
*(.data) input_data_end = .; }}" > $Stmppiggy.lnk; \

$(LD) -r -o piggy.o -b binary $$tmppiggy.gz -b e1£32-1386 \
-T $S$tmppiggy.lnk; \
rm —f $S$tmppiggy $$tmppiggy.gz $S$tmppiggy.lnk

piggy.o input_len degiskeninini ve gzip ile sikistirimis 1inux/vmlinux’1 igcerir. input_len
piggy.o’nun basinda yer alir ve input_len’in kendisi hari¢ piggy.o’nun boyutuna esittir. piggy.o
baglayici betiginde genis aciklamalar icin bakiniz[Using LD, the GNU linker: Section Data Expressmns@.

Tam olarak s@ylemek gerekirse objcopy tarafindan Uretilen gzip ile sikistirimis olan 1inux/vmlinux’un
kendisi (ELF bigiminde) degil onun ikili gdérintistdir. Dikkat ederseniz  $ (OBJCOPY),
linux/arch/i1386/Makefile [[hux/arch/i386/Makefild (sayfa: 7) igerisinde —O binary segenegini
kullanarak ham ikili ¢ikti almak igin yeniden tanimlanmustir.

{bootsect, setup} veya {bbootsect, bsetup} baglandigizaman, $ (LD) onlarin ikili bicimde ¢ikti
alinmasligin ——oformat binary segenegini belirtir. zTmage (veya bzImage) yapildiginda, $(OBJCOPY)
compressed/vmlinux (veya compressed/bvmlinux)dan da bir ara ikili ¢ikti Uretir. zImage veya
bzImage’in tim bilesenlerinin ham ikili bigimde olmasi gériintiniin kendi kendini bir yiikleyiciye bagvurmadan
yUkleyebilmesi ve yerlestirebilmesi icin elzemdir.

Hem vmlinux hemdebvmlinux head.ovemisc.o’yupiggy.o’dan énce hazirlar, fakat farkh baslangi¢
adreslerine (0x1000 ve 0x100000) baglanirlar.

2.6. linux/arch/i386/tools/build.c

linux/arch/i386/tools/build.c zImage veya bzImage Uretmek igin konak aracidir.

linux/arch/i386/boot/Makefile icinde:

‘tools/build bootsect setup compressed/vmlinux.out $(ROOT_DEV) > zImage ‘

[http://belgeler.orq Linux Kitaplig! 10 /2
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tools/build -b bbootsect bsetup compressed/bvmlinux.out $(ROOT_DEV) > bzImage

—b biylk_cekirdek_mi (is_big_kernel) anlamindadir, sistem gorintisinin ¢ok blylk olup olmadigini kontrol
eder.

tools/build asagidaki zImage veya bz Image’a yeniden ydnlendirilen giktilar standart gikti birimine verir:

1. bootsect veyabbootsect: linux/arch/i386/boot/bootsect.S'dan, 512 bytes;

2. setup veya bsetup: linux/arch/i386/boot/setup.S'den, 4 sektdr veya daha fazla, sektér
hizali;

3. asagidakileri de iceren, compressed/vmlinux.out veya compressed/bvmlinux.out:

a. head.o: linux/arch/i1386/boot/compressed/head.S dosyasindan;
b. misc.o: linux/arch/i386/boot/compressed/misc.c dosyasindan;
C. piggy.o: input_lenvegzipli linux/vmlinux dosyasindan.

tools/build standart ¢iktiya yazarken boot sect veya bboot sect’in bazi igeriklerini degistirecektir:

tools/build tarafindan yapilan degisiklikler

Offset Byte Degisken Komut

1F1 (497) 1 setup_sectors kurulum sektérleri sayisi, >=4

1F4 (500) |2 sys_size system size in 16—bytes cinsinden sistem boyutu, kliclik—biten
1FC (508) |1 minor_root root dev minor

1FD (509) |1 major_root root dev major

Takip eden boélimde compressed/vmlinux vmlinuxolarakve compressed/bvmlinux bvmlinux
olarak anilacaktir.

2.7. Kaynakca

Linux Kernel Makefiles: 1inux/Documentation/kbuild/makefiles.txt
[The Linux Cekirdegi NASIES

[GNU makelE22

[Using LD, the GNU Tinker222

[GNU Binary Utiliies|Z23

o [GNUBashiF23

linux/arch/i386/boot/bootsect.S

Verildigi gibi bboot sect,bsetup ve bvmlinux’danolusan (head.o, misc.o, piggy.o)bzImage’l
yikliyoruz. ilk floppy sektéril, bboot sect (512 bytes) 1inux/arch/1386/boot /bootsect . S'dan der-
lenmistir. BIOS tarafindan 07C0:0’a yUklenir. bz Image’in sifirlamasi (bsetup ve bvml inux) heniiz yiklenmig
degildir.

3.1. Bootsect’i Tasi

SETUPSECTS = 4 /*varsayilan kurulum sektdrli sayisi*/
BOOTSEG = 0x07CO0 /*6nylkleme sektdrinin orjinal adresi*/
INITSEG = DEF_INITSEG (0x9000) /*6nylklemeyi buraya tasiyoruz;yolun disina*/

[http://belgeler.orq Linux Kitapligi 11 /[
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SETUPSEG = DEF_SETUPSEG (0x9020) /*kurulum buradan baslar*/

SYSSEG = DEF_SYSSEG (0x1000) /*sistem 0x10000 (65536) adresine yiklendi*/

SYSSIZE = DEF_SYSSIZE (0x7F00) /*sistem boyutu: l6-bayt sayisi*/
/*yiiklenecek*/

ROOT_DEV =0 /*ROOT_DEV gimdi "build" tarafindan yazildi*/

SWAP_DEV =0 /*SWAP_DEV simdi "build" tarafindan yazildi*/

.codeléb

.text

L1170 7777777777770 7777777777777 7777777777777 77777777777777777777777777777
_start:
{

// kendimizi 0x7C00’den 0x90000’e tasidik ve oraya sicgradik.

move BOOTSEG:0 to INITSEG:0 (512 bytes);

goto INITSEG:go;

}

bbootsect INITSEG:0 (0x9000:0)'a tasinmistir. Artik BOOTSEG'i unutabiliriz.

3.2. Disk parametrelerini Al

LITTT0T0 0777777777770 77777777777
// yigiti ve disk parametre tablosunu hazirla
go:
{
SS:SP = INITSEG:3FF4; // yiditi INITSEG:0x4000-12’ye koy
/* 0x4000 keyfi bir dederdir >=
W bootsect boyutu + setup boyutu + yidit i¢in oda;
* 12 disk parametre boyutudur. */
disk parametresini (0:0078’deki gbsterici) \
INITSEG:3FF4 adresine kopyala (12 bytes);
// LntlE: SYSTEM DATA — DISKETTE PARAMETERGIEZD
yama sektdr sayisi 36’ya (parametre tablosunda 4. konum, 1 byte);
disk parametre tablosu gdstericisine (0:0078, intlE) INITSEG:3FF4 ata;

}

SS kaydedicisinden hemen sonra SP’nin baslatildigindan emin olun. SS’nin tavsiye edilen degisiklik yéntemi
1ss komutunu kullanmaktir (A=32 Tntel Architeciure Software Developer's ManuallZ2d, (Vol.3. Ch.5.8.3. Mask-
ing Exceptions and Interrupts When Switching Stacks).

itme ve gekme gibi yigit islemleri artik kabul edilebilir. Once disk parametrelerinin 12 byte’t INITSEG: 3FF4’e
kopyalanmigti.

L1170 7777777777777 7777777777777 77777777777 7777 7777777777777 7777777777777777
// disk slrlici parametrelerini al, &zellikle sektdr/iz sayisi.

char disksizes[] = {36, 18, 15, 9};

int sectors;

SI = disksizes; // 1 = 0;
do {
probe_loop:
sectors = DS: [SI++]; // sectors = disksizes[i++];
if (SI>=disksizes+4) break; // if (i>=4) break;

int13/AH=02h (AL=1, ES:BX=INITSEG:0200, CX=sectors, DX=0);
// lintl13/AH=02h: DISK — READ SECTOR(S) INTO MEMORYI
} while (sektdr okuma hatasi);

[http://belgeler.orq Linux Kitapligi 12 /[



http://www.ctyme.com/intr/rb-2445.htm
http://developer.intel.com/design/pentium4/manuals/
http://www.ctyme.com/intr/rb-0607.htm
http://belgeler.org

Linux i386 Onyiikleme Kodu NASIL

)

"lodsb" DS: [SI]’dan AL’ye baytlari yikler ve ST’y1 otomatik olarak arttirir.

iz basina diisen sektdr sayisi sectors degiskenine kaydedilir.

3.3. Kurulum Kodunu Yiikle

bsetup (setup_sects sektdri) bbot sect’den hemen sonra yiklenecektir, 5rn. SETUPSEG: 0. Dikkat ed-
erseniz INITSEG:0200==SETUPSEG:0ve setup_sects tools/buildtarafindanbsetup boyutunun
[Inux/arch/i386/tools/build d (sayfa: 10)'dekiyle eslesmesi igin degistirilmistir.

L1177 70777 7777777777777 777777777777777777/777777777777777777777777777777777777777
got_sectors:
word sread; // gecerli iz ig¢in sektdrlerin okunmasi
char setup_sects; // tools/build tarafindan lizerine yazilmis
{
print out "Loading";
/* |int10/AH=03h (BH=0) : VIDEO — IMLEC KONUMUNU VE BOYUTUNU AL|>
* [ntl0/AH=13h (AL=1, BH=0, BL—7, CX=9, DO-DL-0, ES:BP-—INIISEG:omsqgl) ;]
* [IDEQ - DIzZGEYI vAZJEID «/

// kurulum-sektdrlerini tasinan (0x90200 adresine) Onylikleme blodundan
// (bootblock) sonra dogrudan ylkle.

SI = &sread; // sread, head ve track indekslemek icin SI kullanimi
sread = 1; // dnylkleme sektdrid okundu

int13/AH=00h (DL=0) ; // Eeser_FDOED

BX = 0x0200; // bsetup’1 bbootsect’den (512 bytes) hemen sonra oku
do {

next_step:

/* silindir capraz okumayi (cylinder crossing reading) engellemek igin,

* bu sefer kag¢ tane sektdriin oknacadini hesapla */

uintl6 pushw_ax = AX = MIN(sectors-sread, setup_sects);
no_cyl_crossing:

read_track (AL, ES:BX); // AX degistirilmez

// ES:BX, sread, head and track’e read_track()ig¢in deder ata

set_next (AX);

setup_sects —-= pushw_ax; // kalanlar - sonraki adim

} while (setup_sects);

}

Sl sread, head ve track degiskenlerini indekslemek icin sread adresine atanmistir. Onlar bellekte art
arda bulunur. read_track () ve set_next () ydntemlerinin ayrintilari igin bakiniz [Diski Oku (sayfa: 14)

3.4. Sikistinlmis imgeyi Yiikle
bvmlinux (head.o, misc.o, piggy.o)0x100000 adresine yiklenecektir, syssize*16 bayt.

L1777 77777777777 7777777777777777777777777777777777777777777777777777777777777
// vmlinux/bvmlinux’u yikle (head.o, misc.o, piggy.o)
{
read_it (ES=SYSSEG) ;
kill_motor () ; // disket slrlici motorunu kapat
print_nl(); // CR LF yazar
}
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read_it () ayrnintilan icin bakiniz [Diski Okul (sayfa: 14). E§er zImage’l yukliyorsak, vml inux 0x10000
(SYSSEG: 0) adresine yUklenir.

bzImage (bbootsect, bsetup, bvmlinux) artik timdlyle bellekte bulunuyor.

3.5. Ayarlara Git
LI1711177770777707170717077777777777777777777777717071707177717771777177717771177

// hangi kd&k aygitin kullanilacadina bak ve setup.S’e sigra

int root_dev; // tools/build tarafindan lizerine yazilir
{
if (!root_dev) {
switch (sectors) {
case 15: root_dev = 0x0208; // /dev/ps0 — 1.2Mb
break;
case 18: root_dev = 0x021C; // /dev/PS0O - 1.44Mb
break;
case 36: root_dev = 0x0220; // /dev/fd0H2880 - 2.88Mb
break;
default: root_dev = 0x0200; // /dev/fd0 - auto detect
break;

}

// onylikleme bloJundan sonra dodrudan yiliklenen ayar yordamina sigra
goto SETUPSEG:0;

}

Denetimi bsetup’a gegirir. linux/arch/1386/boot/setup.y (sayfa: 18) boélimuindeki
linux/arch/i386/boot/setup.S:start’abakiniz.

3.6. Diski Oku

Asagidaki iglev bsetup ve bvmlinux’u diskten ylklemek icin kullanilir. Dikkat ederseniz syssize
[lInux/arch/i386/tools/build.d (sayfa: 10) igindeki tools/build tarafindan degistiriimigtir.

sread: .word O # gecerli iz’in (track) sektdr okumasi
head: .word 0 # gecerli kafa
track: .word 0 # gegerli iz

L1777 77777777777 7777777777777777777777777777777777777777777777777777777777777
// load the system image at address SYSSEG:0
read_it (ES=SYSSEG)
int syssize; /* 1l6-bayt tlrliinden sistem boyutu
* tools/build tarafindan lizerine yazildi */

if (ES & OxQ0fff) die; // hizalama 64KB degil
BX = 0;
for (;;) |

rp_read:

#ifdef __BIG_KERNEL_ _
bootsect_helper (ES:BX);
/* INITSEG:0220==SETUPSEG:0020 - bootsect_kludge,
w SETUPSEG:bootsect_helper () gdsterici igerir.

* Bu iglev bazi veriyapilarini baslangi¢ durumuna getirir
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% ilk sefer ¢agirimda,
& ve SYSSEG:0’dan 0x100000’a tasir, her seferinde 64KB,
& asagidaki c¢agirimda.
* Bakiniz [Boofsect Yardimcisil (sayfa: 16). */
felse
AX = ES - SYSSEG + ( BX >> 4); // kag¢ tane 1l6-bayt okuma
#endif
if (AX > syssize) return; // hersey yiliklendi
okl_read:

/* bu sefer uygun AL (okunacak sektdrler) al
* capraz silindir okumasini ve BX tasmasini onlemek igin. */

AX = sectors - sread;
CX = BX + (AX << 9); // 1 sector = 279 bytes
if (CX overflow && CX!=0) { // > 64KB
AX = (-BX) >> 9;
}
ok2_read:

read_track (AL, ES:BX);
set_next (AX);

L1170 77777 7777777777777 777777777777777777/77777777777/7777777777777777777777777777
// diski parametrelerle oku (sread, track, head)
read_track (AL sektdrler, ES:BX hedef)
{
for (;;) |
printf(".");
// [int10/AH=0Eh: VIDEO — TELETYPE CIKTII)

// sread, track, head) dederlerine gdre CX, DX deJerlerini ata
DX = track;
CX = sread + 1;

CH = DL;
DX = head;
DH = DL;

DX &= 0x0100;

int13/AH=02h (AL, ES:BX, CX, DX);

// lint13/AH=02h: DISK — SEKTORLERI BELLEGE OKUl)

if (disk okuma basarili) return;

// "addw $8, %$sp" onceki 4 "pushw" islemini iptal etmek ig¢in.
bad_rt:

print_all(); // yazma hata kodu, AX, BX, CX ve DX
int13/AH=00h (DL=0) ; // Eeser_FDaED

L1177 770770 7077777777777 777777777777777777777777777777777777777777777777777777777
// set ES:BX, sread, head and track for next read_track()
set_next (AX sectors_read)
{

CX = AX; // sektdrleri oku

AX 4= sread;

if (AX==sectors) {

head = 1 "~ head; // head’”i 0 ve 1 arasinda dedistir
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if (head==0) track++;
ok4d_set:
AX = 0;
}
ok3_set:

sread = AX;
BX += CX && 9;
if (BX overflow) { // > 64KB
ES += 0x1000;
BX = 0;
}
set_next_fn:

}

3.7. Bootsect Yardimcisi
setup.S:bootsect_helper () sadece bootsect.S:read_it () tarafindan kullanilir.

bbootsect ve bsetup yarl ayri baglandiklari icin kendi kod/veri bélUtlerine bagl konumlar kullanirlar. Degisik
bélitlerde boot sect_helper () igin"call far" (Icall) gagirmak zorundayiz ve "return far" dénmeli. Bu gagirma,
CS!=DS durumunu yaratan CS degisikligi ile sonuclanir ve setup . S icindeki degiskenleri belirtmek icin bolith
niteleyici kullanmak zorundayiz.

L1170 0077777077777 7777777777777777777777777
// bzImage ylklendidinde bootsect ylikleyici tarafindan cadirilair

bootsect_helper (ES:BX)

bootsect_es = 0; // setup.S i¢inde tanimli
type_of_loader = 0; // setup.S i¢inde tanimli

{
if (!'bootsect_es) { // 1lk sefer ig¢in c¢adirilair

type_of_loader = 0x20; // bootsect-ylikleyici, version 0
AX = ES >> 4;
* (byte*) (&bootsect_src_base+2) = AH;
bootsect_es = ES;
AX = ES - SYSSEG;
return;

}

bootsect_second:

if (!'BX) { // 64KB full
// SYSSEG:0’dan hedefe tasi, her seferinde 64KB
intl15/AH=87h (CX=0x8000, ES:SI=CS:bootsect_gdt);
// [int15/AH=87h: SISTEM — GENISLETILMIS BELLEGE KOPYALA|EID
if (kopyalama hatasi) {

bootsect_panic () {
prtstr ("INT15 refuses to access high mem, giving up.");
bootsect_panic_loop: goto bootsect_panic_loop; // never return
}
}
ES = bootsect_es; // ES’"i daima 0x10000 noktasina ata

* (byte*) (&bootsect_dst_base+2) ++;
}
bootsect_ex:
// AX ig¢indeki tasinmis cgerceveler (l6-bayt)
AH = * (byte*) (&bootsect_dst_base+2) << 4;
AL = 0;
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L1170 7777777777777 7777777777777 7777777777777 7777777777777 7777777777777777
// data used by bootsect_helper|()
bootsect_gdt:

.word 0, 0, 0, O

.word 0o, 0, 0, O

bootsect_src:
.word Oxffff

bootsect_src_base:

.byte 0x00, 0x00, O0x01 # base = 0x010000
.byte 0x93 # typbyte
.word 0 # 1limit16,base24 =0

bootsect_dst:
.word Oxffff

bootsect_dst_base:
.byte 0x00, 0x00, 0x10 # base = 0x100000
.byte 0x93 # typbyte
.word 0 # limitl6,base24 =0
.word 0, 0, 0, O # BIOS CS
.word 0, 0, 0, O # BIOS DS

bootsect_es:
.word 0

bootsect_panic_mess:
.string "INT15 refuses to access high mem, giving up."

type_of_loader degerinin degistigine dikkat edin. Bu konu [YUkleyici Tarund Kontrol EJ (sayfa: 22)
bdlimunde agiklanmistir.

3.8. Muhtelif

Kalanlar destek iglevleridir; degiskenler ve "gergek kip gekirdek bashd" pargalari. Dikkat ederseniz . text
bélutiindeki veri kod olarak bulunur, béylece yiklendiginde uygun bir sekilde baglangi¢c durumuna getirilebilir.

L1777 77 7777777777777 777777777777 7777777777777777777777777777777777777777777777
// bazi kiiclik islevler

print_all(); /* hata kodu yaz, AX, BX, CX and DX */

print_nl(); /* CR LF yaz*/

print_hex () ; /* SS:BP tarafindan gbsterilen kelimeyi onaltilik olarak yaz*/
kill motor () /* disket slirlici motorunu kapat */

{

#if 1

int13/AH=00h (DL=0) ; // CEse_FDaEd
felse

outb (0, 0x3F2); // outb(val, port)
fendif

}

L1770 0777777777777 7777777777777 7777777777777 7777777777777 7777 777777777777
sectors: .word O
disksizes: .byte 36, 18, 15, 9
msgl: .byte 13, 10
.ascii "Loading"
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"gercek kip ¢cekirdek bashdi"nin bir parcasi olan bootsect tasiyici 497. konumdan baglar.

.org 497

setup_sects: .byte SETUPSECS // tools/build tarafindan lzerine yazilir
root_flags: .word ROOT_RDONLY

syssize: .word SYSSIZE // tools/build tarafindan lizerine yazilir
swap_dev: .word SWAP_DEV

ram_size: .word RAMDISK

vid_mode: .word SVGA_MODE

root_dev: .word ROOT_DEV // tools/build tarafindan lzerine yazilir
boot_flag: .word OxAA55

Bu "baglik" 1inux/Documentation/i386/boot .txt igindeki yerlesim drnegiyle uyusmalhdir.

Konum Proto Isim Anlam

/Boyut

01F1/1 ALL setup_sects setup’1n sektdr cinsinden boyutu

01lF2/2 ALL root_flags Sifirdan farkli ise, kok dizin salt okunur
olarak baglanir

0l1F4/2 ALL syssize KULLANMAYIN - sadece bootsect.S kullanimi icin

0lF6/2 ALL swap_dev KULLANMAYIN - atil oldu

01F8/2 ALL ram_size KULLANMAYIN - sadece bootsect.S kullanimi ig¢in

0lFA/2 ALL vid_mode Video kip kontrold

0lFC/2 ALL root_dev Varsayilan kok aygit sayisi

0lFE/2 ALL boot_flag 0xAA55 sihirli numara

3.9. Kaynakca

e THE LINUX/I386 BOOT PROTOCOL: 1inux/Documentation/i1386/boot.txt
e [[A-32 Intel Architecture Sottware Developer’s Manuall‘m
e [Ralf Brown’s Interrupt Llsfﬂm

<lA-32 Intel Mimarisi Yazilim Gelistiricisinin Kilavuzu> belgesine bu belgede bir cok kez bagvuruldugundan
kisaca "|A-32 Kilavuzu" diyecegim.

linux/arch/i386/boot/setup.S

setup. S sistem verilerinin BIOS’dan alinmasindan ve onlarin uygun bir bellek bdlgesine yerlestiriimesinden
sorumludur.

GNU _GRUBEZD ve [MOER gibi diger dnyikleyiciler de bzImage’i yikleyebililer. Bu tir 6nyik-
leyiciler bzImage’l bellege yUklemeli ve "gergek—bicim c¢ekirdek bagliklari"ni kurmahdirlar, &zellikle
type_of_loader;sonra denetimi bsetup’a devreder. setup. S sunlari varsayar:

® Dbsetup veya setup SETUPSEG:0’a yiklenmemis olabilir, 6rn. denetim setup . S’ye gectiginde CS
SETUPSEG’e esit olmayabilir;

® setup’inilk 4 sektérii boot sect’den hemen sonra yiklenir. Sifirlama vmlinux’den énce gelecek
sekilde SYSSEG:0'da yiikll olabilir, bu varsayim bsetup’ta etkili olmaz.

4.1. Bashk
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/* LILO'nun dogdru yiiklendiginden emin olmak ig¢in imza kelimeleri */
#define SIGL 0xAA55

#define SIG2 0x5A5A
INITSEG = DEF_INITSEG # 0x9000, Onyliklemeyi buraya tasir, yolun disina
SYSSEG = DEF_SYSSEG # 0x1000, sistem 0x10000’a yiliklenir (65536).
SETUPSEG = DEF_SETUPSEG # 0x9020, bu gecerli boliittir
# ve CS’nin O6nceki icerigi
DELTA_INITSEG = SETUPSEG - INITSEG # 0x0020
.codel6
.text

[177777777777777777777777777777777777777777777777777777777777777777777777777777

start:

{
goto trampoline(); // siradaki baslidi atla

# Bu setup basligidir ve %cs:2 (old 0x9020:2) adresinden baslamalidir
.ascii "HdrsS" # baslik imzasi

.word 0x0203 # baslik silirim numarasi (>= 0x0105)

# yoksa eski loadlin-1.5 basarisiz olur
realmode_swtch: .word 0, O # default_switch, SETUPSEG
start_sys_seqg: .word SYSSEG

.word kernel_version cekirdek slriim dizgesini gbstererek

#
# yukaridaki baslik boélumi

# loadlin-1.5 (baslik v1.5) ile uyumlu.
# Dedistirmeyin

// kernel_version defined below
type_of_loader: .byte 0 # = 0, eski (LILO, Loadlin,

# Bootlin, SYSLX, bootsect...)

# atanmis id degerleri icin

# bakiniz Documentation/i386/boot.txt
# bayraklar, kullanilmayan bitler 0 olmali, (RFU) loadflags arasindaki bitler
loadflags:

LOADED_HIGH =1
CAN_USE_HEAP 0x80

Sifir dedilse, ¢ekirdek yiiksek ylklenmistir
Sifir degdilse, yilkleyici ayrica setup.S’nin
gerisinde ne kadar alanin yigin (heap)
olarak kullanilacadgini tutmak icin
heap_end_ptr’ye sahiptir.

Neyin bos oldudunu sadece yikleyici bilir

H oH o 4 HE 3

#ifndef __BIG_KERNEL_ _

.byte 0
#else
.byte LOADED_HIGH
#endif
setup_move_size: .word 0x8000 # kurulum 0x90000’ye yliklenmediginde

=+

tasima boyutu. Cekirde§e sigramadan
# hemen Once kurulumu 0x90000’a tasiyacadiz.

# Bununla birlikte geride biraktigimiz
ne kadar yliklenmesi gereken veri
# bulundugunu sadece yilkleyici bilir.

=+
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# burada yikleyiciler 32-bit kod
i¢in farkli baslangig
# adresleri koyarlar.

=

code32_start:

#ifndef __BIG_KERNEL_ _
.long 0x1000 # 0x1000

zImage ig¢in varsayilan

#else
.long 0x100000 # 0x100000 = bluyik c¢cekirdek ig¢in Ontanimli
#endif
ramdisk_image: .long 0 # ylUkld ramdisk gorilintisiiniin adresi
# Burada yiikleyici gorintiiyi yikledigi
# 32-bit adresi koyar. Bu sadece
# cekirdek tarafindan okunacaktir.
ramdisk_size: .long 0 # boyutu bayt cinsindendir

bootsect_kludge:
.word bootsect_helper, SETUPSEG
heap_end_ptr: .word modelist+1024 # (Baslik sliriimi 0x0201 veya daha biiyiik)
# buradan sonra kurulum sonuna kadar

# bosluklar (6zel) kurulum tarafindan

# yerel yidin amaclari ig¢in kullanilabilir.
// modelist .text bdlUmlinlin sonundadir
padl: .word 0
cmd_line_ptr: .long O # (Baslik sirimii 0x0202 veya daha biyilk)
# Sifir dedilse, c¢ekirdek komut
# satirina 32-bit bir gdsterici.
# Komut satiri kurulumun basi ile
# alcak bellek arasina (0xa0000)
# yerlestirilmeli veya okunmadan Once
# lzerine yazilmali. EJer bu alan
# kullanilairsa, 0x90000 bolitiyle ilgili
# sihirli birsey kalmaz; kurulum
# alcak bellekte 0x10000 veya
# daha yliksek herhangi bir
# yere yerlestirilebilir.
# (Baslik siriimli 0x0203 veya daha biliylk)
# initrd iceridi ig¢in en
#

ramdisk_max: .long __MAXMEM-1

yiksek giivenli adres

_ _MAXMEM tanimlamasi 1inux/asm-1386/page. h igindedir:

/*
* 0xC0000000’"1n bir _ _PAGE_OFFSET dederi c¢ekirdedin bir gigabayt
* sanal adres bosluguna sahip oldudu anlamina gelir ki bu da
* kullanabilecediniz fiziksel bellek miktarini 950MB’a sinirlar
*/

#define _ _PAGE_OFFSET (0xC0000000)

/*

* Bu kadar adres bosludu vmalloc() ve iomap () oldudu kadar
* "fixmap" eslestirmeleri (mappings) i¢in de tahsis edilir.
7
#define __VMALLOC_RESERVE (128 << 20)
#define _ _MAXMEM (—__PAGE_OFFSET-_ _VMALLOC_RESERVE)

_ _MAXMEM= 1G — 128M degerini verir.

Bu baglik bazi plan drneklerini takip etmelidir. 1inux/Documentation/i1386/boot.txt belgesine
bagvurun:
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Konum Proto Isim Anlami

/Boyut

0200/2 2.00+ Jjump Si¢rama komutu

0202/4 2.00+ header Sihirli imza "HdrS"

0206/2 2.00+ version Desteklene &nylikleme protokolll sliriimi

0208/4 2.00+ realmode_swtch Onyiikleme yiikleyici cengeli (hook)

020c/2 2.00+ start_sys load-low bolitd (0x1000) (modasi gecgmis)

020E/2 2.00+ kernel_version Cekirdek siirim dizgesi gdstericisi

0210/1 2.00+ type_of_loader Onyilikleme yiikleyici belirteci

0211/1 2.00+ loadflags Onyiikleme protokolii secenek bayraklari

0212/2 2.00+ setup_move_size Yiksek bellek boyutuna tasi
(cengellerle kullanilair)

0214/4 2.00+ code32_start Onyiikleyici cengeli

0218/4 2.00+ ramdisk_image initrd yikleme adresi

(6nylkleyici tarafindan atanir)

021Cc/4 2.00+ ramdisk_size initrd boyutu (6nylikleyici tarafindan atanir)
0220/4 2.00+ bootsect_kludge KULLANMAYIN - sadece bootsect.S kullanimi ig¢in
0224/2 2.01+ heap_end_ptr kurulum bittikten sonra bos bellek

0226/2 N/A padl Kullanilmaz

0228/4 2.02+ cmd_line_ptr cekirdek komut satirina 32-bit gbsterici

022c/4 2.03+ initrd_addr_max En yiksek yasal initrd adresi

4.2. Kod Butinliginia Kontrol Et

setup kodu surekli olmayabilecegi icin 6nce kod bitlinlGginu kontrol etmeliyiz.

LTI 777777 77777777 7777777777777 7777777777777 7 77777777777

trampoline ()

{

start_of_setup(); // asla doénmez
.space 1024;

L1717 777 7770770777777 777777777 777777777777777777777777777777777777777777
// tim kodun yiklenip ylklenmedidini gdrmek ig¢in imzayi kontrol et
start_of_setup()

{

// Bootlin bunun daha &nce yapilmasina baglidir, bakiniz Dootlin:technic. doc]Esd
int13/AH=15h (AL=0, DL=0x81);
// Entl3/AB=15h: DISK - DISK TURUNU ALJED

#ifdef SAFE_RESET_DISK_CONTROLLER
int13/AH=0 (AL=0, DL=0x80);
// EnC13/AH=00h: DISK - DISK SISTEMINI RESETLE|EZD

#endif
DS = CS;
// kurulum sonunda imzayi kontrol et
if (setup_sigl!=SIGl || setup_sig2!=SIG2) {

goto bad_sig;

}
goto goodsigl;
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L1177 7777777777777 777777777777777777/777777777777777777777777777777777777777
// bazi kiiciik islevler

prtstr(); /* DS:SI’teki ascii’leri yaz */

prtsp2(); /* cift bosluk yaz */

prtspc(); /* tek bosluk yaz */

prtchr(); /* AL’deki ascii’leri yaz */

beep () ; /* CTRL-G yaz, &rn. bip */

Kod butinligini dogrulamak igin imza kontrol edilir.

imza bulunmazsa kalan setup kodu SYSSEG: 0’da vm1inux éncesinde yer alir.

no_sig_mess: .string "No setup signature found ..."
goodsigl:
goto goodsig; // yakin sigrama yap

L1777 777 7777777777777 77777777777777777777777777777777777777777777777777777777
// kalan setup kodunu SYSSEG:0’dan CS:0800’e tasi

bad_sig()
DELTA_INITSEG = 0x0020 (= SETUPSEG - INITSEG)
SYSSEG = 0x1000
word start_sys_seg = SYSSEG; // kurulum basliinda tanimli
{
DS = CS - DELTA_INITSEG; // INITSEG olarak da bilinir
BX = (byte) (DS:[497]); // drn. setup_sects

// 11k 4 sekctdr zaten yikld

CX = (BX - 4) << 8; // kelime cinsinden kalan kod (2-bayt)
start_sys_seg = (CX >> 3) + SYSSEG; // gercek sistem kodu baslangici
move SYSSEG:0 to CS:0800 (CX*2 bytes);

if (setup_sigl!=SIGl || setup_sig2!=SIG2) {
no_sig:
prtstr ("No setup signature found ...");
no_sig_loop:
hlt;
goto no_sig_loop;

}

}

h1t komutu komut calistirmayi durdurur ve islemciyi halt durumuna getirir. islemci halt kipine girildigini belirtecek
sekilde &zel bir tasit dizisi Gretir. Etkin bir kesme (NMI dahil) olustugunda, islemci ¢alistirmayi h1t komutundan
sonra devam ettirir ve komut gdéstericisi, h1t’1 takip eden komutu gdstererek, kesme ybéneticisi ¢cagirilmadan
Once yigita kaydedilecektir. Bdylece islemciyi tekrar halt durumuna koymak i¢in h1t’tan sonra jmp komutuna
ihtiyag duyariz.

setup kodu dogru yere tasinmistir. start_sys_ segdediskeni gergek sistem kodunun basladidi yeri gésterir.
Eger bad_sigolmazsa start_sys_seg, SYSSEG olarak kalir.

4.3. Yukleyici Tarania Kontrol Et
Yukleyicinin imgeyle uyumlulugunu oldugunu kontrol et.

L1777 777777 7777777777777777777777777777777777777777777777777777777777

good_sig()
char loadflags; // setup baslidi icinde
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char type_of_loader; // setup basligi icinde
LOADHIGH =1
{
DS = CS - DELTA_INITSEG; // INITSEG olarak da bilinir
if ( (loadflags & LOADHIGH) &é& 'type_of_ loader ) {
// Hata, eski ylikleyiciler blylk-c¢cekirdek yiliklemeye calisirlar
prtstr ("Wrong loader, giving up...");
goto no_sig_loop; // yukarida bad_sig()’de tanimli
}
}
loader_panic_mess: .string "Wrong loader, giving up..."

bootsect_helper () tarafindan bvml inux ylklendiginde t ype_of_1loader’un 0x20 olarak degistigine
dikkat edin.

4.4. Bellek Boyutunu
kB cinsinden genigletilmig bellek boyutunu (1M Uzeri) elde etmek icin Ui¢ dedisik bellek saptama semasi dene.

ilk olarak bir bellek haritasi olusturmamizi sadlayan e820h'’yi dene; sonra 32 bitlik bellek boyutu déndiiren
e801h'yi ve son olarak 0—-64M ddndlren 88h’yi dene.

[1777077777 77777777777 777777777777777777/777777777777777777777777777777777777777
// bellek boyunu al
loader_ok ()

E820NR = O0x1ES8

E820MAP = 0x2DO0

// bu isleve girerken, DS = CS-DELTA_INITSEG; INITSEG olarak da bilinir
(long)DS: [0x1EQ] = 0;

#ifndef STANDARD_MEMORY_BIOS_CALL
(byte)DS: [0x1E8] = 0; // E820NR

/* method E820H: bakiniz
* bellek haritasi (from hell). eB820h bellegi farkli tilirlerden
* bir biitin deste olarak siniflandirilmis sekilde dondiiriir, ve
* bellek deliklerine ve herseye izin verir. Biz bu bellek
haritasini tarariz ve ilk 32 bellek alaninin listesini olustururuz,
* [E820MAP]’den ddneriz. */
meme820:
EBX = 0;
DI = 0x02D0; // E820MAP
do {
Jmpe820:
int1l5/EAX=E820h (EDX='SMAP’, EBX, ECX=20, ES:DI=DS:DI);
// EntI5/AX=EB820h: GET SYSTEM MEMORY MAD|ED

*

if (failed || ’SMAP’ !=EAX) break;

// if (1!=DS:[DI+16]) continue; // kullanissiz
good820:

if (DS:[1E8]>=32) break; // entry# > E820MAX

DS: [0x1E8]++; // entry# ++;

DI += 20; // tamponu sonraki ic¢in ayarla
again820:

} while (!'EBX) // bitmedi

bail820:
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/* method E801H:
1k parg¢a boyutuyla bellek boyutu, loadlin karistirmamak igin.
0xe801 bellek boyutunu tamamen farkli bir yerde tutariz
cinkli muhtemelen 16 bitten daha uzun olacaktir
(1e0 kullaniniz c¢ilinkd bu Larry Augustine’in alternatif bellek
tespit semasini kullanma ydntemidir ve bu ydntem
* herseyi ayni yere yazma konusunda hassastir.) */
meme801:
stc; // hatali BIOSlar icin ugras
CX = DX = 0;
intl15/AX=E801h;
/* [int15/AX=E801h: >64M YAPTLANDIRMALAR ICIN BELLEK BOYUTUNU ALI
* AX = K cinsinden 1M ve 16M arasinda bellek boyutu (en ¢ok 3C00 = 15MB)
W BX genisletilmis bellek, 16M lizeri, 64K bloklar halinde
* CX = K cinsinden 1M’dan 16M’a yapilandirilmis bellek
& DX 16M lizeri yapilandirilmis bellek, 64K bloklar halinde */
if (failed) goto mem88;
if (!CX && !DX) |
CX = AX;
DX = BX;

X% X X %

}

e80lusecxdx:

(long)DS: [0x1E0] = ((EDX & OxFFFF) << 6) + (ECX & OxFFFF); // in K
#endif
mem88: // eski geleneksel ydntem

int15/AH=88h;

/* Entl15/AH=88h: SISTEM — GENISLETILMIS BELLEK BOYUTUEDD

w AX = mutlak 100000h adresinden baslayan siirekli kB’larin sayisi */
DS:[2] = AX;

4.5. Donanim Destegi

Klavye, ekran karti, harddisk, MCA bus’i ve isaretleme cihazi gibi donanimlarin destegini kontrol et.

{

// klavye tekrarlama oranini en c¢oda ayarla
intl16/AX=0305h (BX=0) ;
// lintl6/AH=03h: KEYBOARD — SET TYPEMATIC RATE AND DELAYI

/* Ekran kiplerini kullaniciya gdstermek icin
w ekran kartini ve parametrelerini kontrol et. */
video () ; // see video.S

// hd0 ve hdl verisini al
hd0 verisini (*int4l)’dan CS-DELTA_INITSEG:0080’ya (16 bytes) kopyala;
// [int4l: SYSTEM DATA — HARD DISK (O PARAMETRE TABIO ADRESH)
hdl verisini (*int46)’dan CS-DELTA_INITSEG:0090’ya (16 bytes) kopyala;
// [[ntd46: SYSTEM DATA - HARD DISK 1 PARAMETRE TABLE ADRES]|EED
// hdl var mi kontrol et
int13/AH=15h (AL=0, DL=0x81);
// Ent13/AH=15h: DISK - DISK TURUNU AI]EED
if (failed || AH!=03h) { // AH==03h eJer harddisk ise
no_diskl:
temizle CS-DELTA_INITSEG:0090 (16 bytes);
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}
is_diskl:

// Mikro Kanal veriyolu (Micro Channel-MCA bus) ig¢in kontrol et
CS-DELTA_INITSEG: [0xA0] = 0; // tablo uzunlugunu 0’a ayarla
int15/AH=COh;
/* Ent15/AA=COh: SISTEM — YAPITANDIRMAYI AT]EZD
w ES:BX = ROM yapilandirma tablosu */
if (failed) goto no_mca;
ROM yapilandirma tablosunu (ES:BX)’den CS-DELTA_INITSEG:00AQ0 adresine tasi;
// CX = (table length<14)? CX:16; sadece ilk 16 bayt
no_mca:

// PS/2 noktalama cihazlarini (pointing device) kontrol et

CS-DELTA_INITSEG: [0x1FF] = 0; // varsayilan noktalama cihazi O
intllh();
// lintllh: BIOS — EKTIPMAN TLISTESTINT AT EED
if (AL & 0x04) { // fare kuruldu
DS: [0x1FF] = OxAA;

4.6. APM Destegi
BIOS APM destegini kontrol et.

#if defined (CONFIG_APM) || defined (CONFIG_APM_MODULE)
{
DS: [0x40] = 0; // stirim = 0 APM BIOS olmadidi anlamina gelir
int15/AX=5300h (BX=0) ;
// Entl15/AX=5300h: Advanced Power Management v1.0+ - INSTALLATION CHECK|EZd
if (failed || "PM’!=BX || !(CX & 0x02)) goto done_apm_bios;
// (CX & 0x02) 32 bit desteklendidi anlamina gelir
int15/AX=5304h (BX=0) ;
// Entl5/AX=5304h: Advanced Power Management v1.0+f — DISCONNECT INTERFACE|ELD
EBX = CX = DX = ESI = DI = 0;
intl15/AX=5303h (BX=0) ;
/* [Int15/AX=5303h: Advanced Power Management vl.0+|@mE
* E CONNECT 372-BIT PROTMODE INTERFACHIEED */
if (failed) {
no_32_apm_bios: // no_32_apm_bios etiketini buraya tasidim
DS:[0x4C] &= ~0x0002; // 32 bit destekleme bitini kaldir
goto done_apm_bios;

}
DS: [ ] = AX, 32-bit kod boliitid temel adresi;
DS: [ ] = EBX, giris noktasi konumu;
DS:[0x48] = CX, 1l6-bit kod boliiti temel adresi;
[ 1
[ ]

DS: [0x4A] = DX, 1l6-bit veri boliti temel adresi;
DS:[0x4E] = ESI, APM BIOS kod boliitd uzunlugu;
DS:[0x52] = DI, APM BIOS veri boliitd uzunlugu;

int15/AX=5300h (BX=0) ; // tekrar kontrol et
// Entl5/AX=5300h: Advanced Power Management vi1.0+r — INSIALLATION CHECK]EZD
if (success && 'PM’'==BX) {
DS:[0x40] = AX, APM version;
DS: [0x4C] CX, APM flags;
} else {
apm_disconnect:
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intl1l5/AX=5304h (BX=0) ;
/* [int15/AX=5304h: Advanced Power Management vl.OHﬁﬁﬂ
* E_DISCONNECT ITNTERFACE] (2D &/

}
done_apm_bios:
}

#endif

4.7. Korumal Kip icin Hazirhk

// kip sec¢iciyi c¢agir
{
if (realmode_swtch) {
realmode_swtch () ; // kip secme cengeli
} else {
rmodeswtch_normal:
default_switch () {
cli; // hicgbir kesmeye izin yok
outb (0x80, 0x70); // NMI etkinlestirmeyi kaldair

}

rmodeswtch_end:

}

// gerekliyse kodu tekrar konumla

{
(long)code32 = code32_start;

if (! (loadflags & LOADED_HIGH)) { // disik ylUkld zImage
// 0x0100 <= start_sys_seg < CS-DELTA_INITSEG
do_move0:
AX = 0x100;
BP = CS - DELTA_INITSEG; // INITSEG olarak da bilinir
BX = start_sys_seg;
do_move:
sistem imgesini (start_sys_seg:0 .. CS-DELTA_INITSEG:0)’dan
0100:0"a taszi; // her seferinde 0x1000 bayt tasi

}

end_move:

code32_start’in zImage igin 0x1000 adresi ile bzImage igin ise 0x100000 adresi
ile ilklendirildigine dikkat edin. code32 degeri denetimin [Korumall Kipe Ged (sayfa: 28) igin-
dekilinux/arch/i386/boot/compressed/head.S’e geciriimesi i¢in kullanilacaktir. zImage
Onyuklemesi vyapilirsa vmlinux’u 0100:0’a tasir; bzImage OnylUklemesi yapilirsa bvmlinux
start_sys_seg:0da kalr. Tasima adresi linux/arch/i386/boot/compressed/Makefile
icindeki —~Ttext segenegiyle uyusmalidir. Bakiniz[linux/arch/i386/boot/compressed/Makefilg| (sayfa: 9).

Sonra, eger gerekliyse, kod CS-DELTA_INITSEG: 0'dan (bbootsect ve bsetup) INITSEG: 0’a tasinir.

DS = CSg // SETUPSEG olarak da bilinir
// siriim <=201 ile geriye ddniik uyumlulugda ihtiyacimiz olup olmadidini kontrol
if (!'cmd_line_ptr && 0x20!=type_of_loader && SETUPSEG!=CS) {

@ilig // tasinirken kesme olarak yiditi kullanabilir

// store new SS in DX

AX = CS — DELTA_INITSEG;

DX = SS;

if (DX>=AX) { // yvigit cercgevesi birlikte tasinacak
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DX = DX + INITSEG - AX; // i.e. SS—-CS+SETUPSEG
}
move_self 1:
/* CS-DELTA_INITSEG:0’dan INITSEG:0’ya tasi (setup_move_size bayt)
* CS:IP izerindeki kodun ilzerine yazmamak ig¢in iki adimda
* (src < dest) tasi fakat asadiya dogru ("std") */
move CS-DELTA_INITSEG:move_self here+0x200
to INITSEG:move_self_ _here+0x200,
setup_move_size— (move_self_here+0x200) bytes;
// INITSEG:move_self here+0x200 == SETUPSEG:move_self_ here
goto SETUPSEG:move_self_here; // artik CS=SETUPSEG
move_self here:
move CS-DELTA_INITSEG:0 to INITSEG:O,

move_self_ here+0x200 bytes; // goto’dan once eski CS anlaminda
DS = SETUPSEG;
SS = DX;

}

end_move_self:

}

Tekrar dikkat edin, bvmlinux'u yiklediginde bootsect_helper () tarafindan type_of_loader’un
degeri 0x20 olarak degistirilmektedir.

4.8. A20’yi Etkinlestir

A20 sorunu ve ¢ozimi iin [A20 — a pain from the pasiiEZ’e bagvurun.

A20_TEST_LOOPS = 32 # Bekleme basina adim sayisi
A20_ENABLE_LOOPS = 255 # deneme ig¢in toplam doéngii

{

#1f defined (CONFIG_MELAN)
// Enable A20. AMD Elan bug fix.

outb (0x02, 0x92); // outb(val, port)
a20_elan_wait:
while ('a20_test()); // testi gecemedi
goto a20_done;
#endif

a20_try_loop:

// Once, A20 kapisi olmayan bir sistemde olup olmadi§imiza bak.
a20_none:

if (a20_test()) goto a20_done; // testi gecgti

// Sonra, BIOS’u (INT 0x15, AX=0x2401) dene
a20_bios:
intl15/AX=2401h;
// ENTI5/AX=72401h: SYSTEM — later PS/7s - ENABLE AJ0 GATHEZD
if (a20_test()) goto a20_done; // testi gecti

// Klavye denetleyici lzerinden A20’yi etkinlestirmeye ¢alis
a20_kbc:

empty_8042();

if (a20_test()) goto a20_done; // BIOS gecikmesi durumunda testi tekrarla
outb (0xD1, 0x64); // komut yaz

empty_8042();

outb (0xDF, 0x60); // A20 etkin

empty_8042();
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// a20 gercekten etkin olana kadar bekle
az0_kbc_wait:
CX = 0;
a20_kbc_wait_loop:
do |
if (a20_test()) goto a20_done; // testi gecti

} while (--CX)

// Son girisim: "yapilandirma portu A"’yi kullan

outb ((inb (0x92) | 0x02) & OxFE, 0x92);

// yapilandirma portu A etkilenene kadar bekle
az20_fast_wait:

CX = 0;
a20_fast_wait_loop:
do {
if (a20_test()) goto a20_done; // testi gecti
} while (--CX)

// A20 hala cevap vermiyor. Tekrar ayarlamayi dene.

if (-—a20_tries) goto a20_try_loop;

prtstr("linux: fatal error: A20 gate not responding!");
az0_die:

hlt;

goto a20_die;

a20_tries:

.byte A20_ENABLE_LOOPS // i.e. 255
a20_err_msg:

.ascii "linux: fatal error: A20 gate not responding!"

.byte 13, 10, O
/0 port iglemleri igin, [Kaynakcd (sayfa: 32) icindeki ilgili bagvuru materyallerine bakin.

4.9. Korumal Kipe Ge¢
Tum 32 bitlik IA—-32 islemcileri ile kod uyumlulugunu sadlamak icin, asagidaki korumali kipe gegmeyi saglayacak
adimlar yerine getirin:
1. ilk GDT girdisinde bos tanimlayicii GDT'yi hazirlayin, bir kod bélitii tanimlayici ve bir veri béliiti
tanimlayici;
. Maskelenebilir donanim kesmeleri ve NMI dahil kesmeleri etkisiz kilin;
3. 1lgdt asm komutunu kullanarak GDTR yazmacina taban adresini ve GDT sinirini yikleyin;
4. mov crO (Intel 386 ve Ustl) veya 1msw komutu (Intel 286 ile uyumluluk igin) kullanarak CRO yaz-
macindaki PE bayragini etkinlestirin;
5. Ardindan bir uzak jmp veya bir uzak call komutu ¢alistirin.

Y1§i1t normal oku/yaz veri bélitline yerlestirilebilir, bdylece adanmis tanimlayiciya gerek kalmaz.

a20_done:

{
lidt idt_48; // load idt with 0, O0;

// DS:gdt’yi dodrusal gdstericiye donlistiir
* (long*) (gdt_48+2) = DS << 4 + &gdt;
lgdt gdt_48;
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// yardimci islemciyi sifirla
outb (0, O0xFO0);

delay () ;
outb (0, O0xF1l);
delay () ;

// kesmeleri yeniden programla

outb (0xFF, O0xAl); // tim kesmeleri maskele
delay () ;
outb (0xFB, 0x21); // irg2 disinda tim irqg’lari maskele

// korumali kip!

AX = 1;

lmsw ax; // makina durumu kelimesi (word), CRO’1in 0’dan 15’e
// kadar bitleri sadece PE, MP, EM ve TS bayraklarini
// etkiler

goto flush_instr;

flush_instr:
BX = 0; // bir onyilkleme gdsteren bayrak
ESI = (CS — DELTA_INITSEG) << 4; // gercek kip kod gdstericisi

/* NOT: Yiuksek yliklenen biiyiik ¢ekirdekler igin
Jmpi 0x100000,___KERNEL_CS’ye gereksinim duyariz

fakat heniiz CS yazmacini yiklemedik,

bu ylizden hedef konumun varsayilan boyutu hala 16 bit.
Bununla birlikte, bir terim Oneki (0x66) kullanarak,

CPU bizim 48 bit uzak gbstericimizi uygun bir sekilde alir.
* Bakiniz (INTelL 80386 Programmer’s Reference Manual,

* Mixing 16-bit and 32-bit code, page 16-6) */

*
*
*
*
*
*

// __KERNEL_CS: [ (uint32*)code32]’e git;
.byte 0x66, Oxea

code32: .long 0x1000 // [Korumali Kip icin Hazirlikl (sayfa: 26)
// icinde iistiine yazilir
.word _ _KERNEL_CS // bdliit 0x10

// bakiniz linux/arch/i386/boot/compressed/head.S:startup_32

}

Uzak jmp komutu (Oxea) CS kaydedicisini giinceller. kalan bélit kaydedicileri (DS, SS, ES, FS ve GS)
icerigi daha sonra yeniden yuklenmelidir. terim boyutu éneki (0x66) jmp’l 32 bitlik terim code32’ye kadar
galistirlmasina zorlamak igin kullanilir. Terim boyutu éneki ayrintilar icin bakiniz: IA-32 Manual (Vol.1. Ch.3.6.
Operand-size and Address—size Attributes, and Vol.3. Ch.17. Mixing 16—bit and 32-bit Code).

Denetim linux/arch/i386/boot/compressed/head.S:startup_32'ye gegirili. zImage igin
0x1000 adresinde; bzImage igin 0x100000 adresinde. Bakiniz: [linux/arch/i386/boot/compressed/head.y
(sayfa: 32).

ESI toplanan sistem verilerinin bellek alanini gdsterir. 16 bitlik gergek kip gekirdek kodundan 32 bitlik
kisma parametre gegirmek igin kullanilir. Ayrintilar igin 1inux/Documentation/i386/zero-page.txt
dosyasina bakiniz.

Daha fazla anahtarlama ayrintisi i¢in IA-32 Manual Vol.3. (Ch.9.8. Software Initialization for Protected—Mode
Operation, Ch.9.9.1. Switching to Protected Mode, and Ch.17.4. Transferring Control Among Mixed—Size Code
Segments) belgesine basvurun.
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4.10. Muhtelif

Kalanlar destek islevleri ve degiskenleridir.

/* linux/Makefile hedefleri tarafindan olusturulan makrolar:

* include/linux/compile.h ve include/linux/version.h */
kernel version: .ascii UTS_RELEASE
.ascii " ("
.ascii LINUX_COMPILE_BY
.ascii "@"
.ascii LINUX_COMPILE_HOST
.ascii ") "
.ascii UTS_VERSION
.byte 0

L1777 7777 77777777777 77777777777777777777777777777777777777777777777777777777777
default_switch() { cli; outb(0x80, 0x70); } /* Kesmeleri ve NMI’'yi iptal et */
bootsect_helper (ES:BX); /* bkz. [Bootsect Yardimcisil (sayfa: 16) */

[17777707 7770777777777 77777777777777777777777777777777777777777777777777777777777
az20_test ()

{

FS = 0;

GS = OxFFFF;

CX = A20_TEST_LOOPS; // i.e. 32
AX = FS:[0x2007;

do {

az0_test_wait:
FS:[0x200] = ++AX;
delay () ;
} while (AX==GS:[0x210] && —-CX);
return (AX!=GS[0x210]);
// ZF==0 (i.e. NZ/NE, a20_test!=0) means test passed
}

L1777 777 77777777777 7777777777777777777777777777777777777777777777777777777777
// klavye komut kuyrudu bos mu, bak
empty_8042 ()
{
int timeout = 100000;

for (;i;) |
empty_8042_loop:
if (!-—-timeout) return;
delay () ;
inb (0x64, &AL); // 8042 durum portu
if (AL & 1) { // cikti
delay () ;
inb (0x60, &AL); // oku
no_output:} else if (! (AL & 2)) return; // girdi yok
}
}

[1777777 7070777777777 77777777777777777777777777777777777777777777777777777777777
// CMOS saatini oku, AL’den saniyeyi doéndir, video.S’de kullanilair
gettime ()
{
intlA/AH=02h () ;
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/* [in

ZED)
AL =
AH =
aad;

/1717777
delay ()

gdt :
.word
.word
// bd
.word
.word
.word
.word

// o
.word
.word
.word
.word

idt_48:
.word
.word

t1A/AH=02h: SAAT - GERCEK SAAT ZAMANINI ALl)
H = BCD gbsterimli saniye*/

DH & O0xO0F;

DH >> 4;

[7777770 777777777777 7777777777777777777777777777777777777777777777777777
{ outb (AL, 0x80); } // I/0 yaptiktan sonra gerekli

// Tanimlayici tablo

0, 0, 0, O # dummy
0, 0, 0, O # kullanilmada
1t 0x10, __KERNEL_CS
OXFFFF # 4Gb - (0x100000*0x1000 = 4Gb)
0 # taban adres = 0
0x9A00 # kodu oku/galistir
0x00CF # tanelilik (granularity) = 4096, 386
# (sinirin 5. yarim bayti)
14t 0x18, __KERNEL_DS
OxFFFF # 4Gb - (0x100000*0x1000 = 4Gb)
0 # taban adres = 0
0x9200 # veri oku/yaz
0x00CF # tanelilik = 4096, 386
# (sinirin 5. yarim bayti)
0 # idt siniri = 0
0, O # idt tabani = 0L

/* [gdt_48] komutla eslesmesi ic¢in 0x0800 (2048) olmalzi,

* Linux 2.2.22'nin yaptidi gibi. */
gdt_48:
.word 0x8000 # gdt sini1ri=2048,
# 256 GDT girdisi
.word 0, O # gdt tabani (daha sonra doldurulur)
#include "video.S3"
// setup.S’nin sonundaki imza:
{
setup_sigl: .word SIGL // 0xAA55
setup_sig2: .word SIG2 // 0x5A5A
modelist:
}
video. S icindeki video ayar ve algilama kodu:
ASK_VGA = OxFFFD // defined in linux/include/asm-i386/boot.h
L1770 707777 777777777777 777777777777777777777777777777777777777777777777777777777
video ()
{
pushw DS; // farkli boélutler kullan
FS = DS;
DS = ES = CS;
GS = 0;
elelg
basic_detect () ; // temel kart tiurl testi (EGA/VGA/MDA/CGA)
[http://belgeler.orq Linux Kitapligi 31 /4



http://www.ctyme.com/intr/rb-2273.htm
http://belgeler.org

Linux i386 Onyiikleme Kodu NASIL

#ifdef CONFIG_VIDEO_SELECT
if (FS:[0x01FA]!=ASK_VGA) { // kullanici secimli video kipi
mode_set () ;
if (failed) {
prtstr("You passed an undefined mode number.\n");
mode_menu () ;
}
} else {
vid2:
mode_menu () ;

}

vidl:
#ifdef CONFIG_VIDEO_RETAIN
restore_screen () ; // ekran iceridini geri ylkle

#endif /* CONFIG_VIDEO_RETAIN */
#endif /* CONFIG_VIDEO_SELECT */
mode_params () ; // kip parametrelerini sakla
popw ds; // orjinal DS’yi geri yiikle
}

/* YAPILACAKLAR: video() ayrintilari */

4.11. Kaynakca

e [A20 — a pain from the pasfiead
[Rea—ime Programming/Z23 Appendix A: Complete 1/O Port List
IA=32 Intel Architecture Sottware Developer's Manuaﬂ‘m

Summary of empty_zero_page layout (kernel point of view):
linux/Documentation/i386/zero—-page.txt

5. linux/arch/i386/boot/compressed/head.S

Artlk bvmlinux igindeyiz! misc.c:decompress_kernel ()’in yardimiyla, ¢ekirdek imgemiz
linux/vmlinux’u elde etmek i¢in piggy . o’'yu agacagiz.

Bu dosya saf 32 bitlik agilis kodudur. Onceki iki dosyadan farkli olarak kaynak kodun iginde hig . code1 6 deyimi
yoktur. Ayrintilar icin[Jsing as: Writing 16—brt CodeJ222 belgesine basvurun.

5.1. Sikistinimis Cekirdegin Acilmasi

Bolut tanimlayicilarindaki (bolit segicisi__ KERNEL_CSve __ KERNEL_DS’ye tekabiil eden) bélit taban adres-
leri 0’a esittir; bu ylzden, eder bu iki adresten her ikisi de kullanildiysa, mantiksal konum adresi (bélit:konum
biciminde) kendi dogrusal adresine esit olacaktir. zImage igin, CS:EIP simdi 10:1000 mantiksal adresinde
(dog@rusal 0x1000 adresi), bzImage ise 10:100000 (dogrusal 0x100000) adresindedir.

Sayfalama etkinlestirilmedigi icin doJrusal adres fiziksel adres ile 6zdestir. Adres konulari icin I1A—32 Manual
(Vol.1. Ch.3.3. Memory Organization, and Vol.3. Ch.3. Protected—Mode Memory Management) ve [Inux De-
[vice Drivers: Memory Management in Lmuxlm belgelerine bakiniz.

BX=0 ve ESI=INITSEG<<4 olmasi setup . S'den ileri gelir.

.text
[17777707 7070777777777 77777777777777777777777777777777777777777777777777777777777
startup_32 ()
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cld;

@llal g

DS = ES = FS = GS = __KERNEL_DS;

SS:ESP = *stack_start; // user_stack][]
// korumali kip etkinlestirildikten sonra
// tim bolit kaydedicileri yeniden yiiklenir

sonu, misc.c icinde tanimli

// A20'nin gergekten etkin olup olmadidini kontrol et

struct moveparams mp;
if (!decompress_kernel (&mp,
ESI'yi yigittan geri yilikle;

ESI)

// subl $16,%esp

) A

EBX = 0;
goto __KERNEL_CS:100000;
// bkz. linux/arch/i386/kernel/head.S:startup_32

EAX = 0;
do {
1: DS:[0] = ++EAX;
} while (DS:[0x100000]==EAX) ;
EFLAGS = 0;
clear BSS; // _edata’dan _end’e

// AX’deki deJeri ddéndiir

* Yiksek ylklediysek buraya geliriz.

* move-in-place rutinini asadi 0x1000’e tasimamiz gerekir
* ve sonra yigittan aldidimiz yazmacglardaki

* tampon adresleri ile baslatiriz.

3g move_rountine_start..move_routine_end 0x1000’e tasi;
// move_routine_start & move_routine_end asadida tanimlanmistir

// move_routine_start () parametrelerini hazirla

EBX = real mode pointer; // ESI deJeri setup.S’den geger
ESTI = mp.low_buffer_ start;

ECX = mp.lcount;

EDX = mp.high_buffer_star;

EAX = mp.hcount;

EDI = 0x100000;

@llal g // kesme almadigimizdan emin ol.

goto __KERNEL_CS:1000; // move_routine_start ();

/* EJer ylksek ylklediysek, yerinde ¢dzilmis cekirdedi tasimak igin

*/

* yordam Bu PIC kodu olmalzi!

(sablon) .

L1177 7 777 7777777777777777777777777777777777777777777777777777777777777

move_routine_start ()

{

mp.low_buffer start’i 0x100000"a taszi,
iki adimda:
move/append mp.high_buffer_ start,

(lcount >> 2)

kelime +

(lcount & 3)
((mp.hcount + 3)

mp.lcount bayt,

bayt;
>> 2)

kelime

// 1 kelime == 4 bayt, 32 bitlik kod/veri anlaminda.
ESI = EBX; // gercek kip gbsterici, setup.S’deki gibi
EBX = 0;
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goto __KERNEL_CS:100000;
// bkz. linux/arch/i386/kernel/head.S:startup_32()
move_routine_end:

}

je 1bve jnz 3£’nin anlamlar icin[Jsing as: Local Symbol Names|Z22 belgesine bagvurunuz.

_edata ve _end tanimlamalarini bulamadiniz mi? Sorun degdil, onlar "dahili ilintileme betigi"
icinde tanimlanmigtir. -T (-—-script=) segenedi belirtiimeksizin kullanilirsa, 1d bu yerlesik betidi
compressed/bvmlinux’u ilintilemek igin kullanir. Bu betigi gériintiilemek i¢in "1d —-verbose" komu-
tunu kullaniniz ya da|Dabhili llintileme Betig] (sayfa: 60) béliimiine bakiniz.

—T (—script=), —L (—library—path=) ve —verbose secimlerinin tarifi icin [Using LD, the GNU Ilinker: Com-
[mand Line Optlonsllm belgesine basvurunuz. Ayrica "man 1d"ve "info 1d"de yardimci olabilir.

piggy.o ¢6zildi ve kontrol __KERNEL_CS:100000’ye gegirildi, 6rn.
linux/arch/i386/kernel/head.S:startup_32 (). Bakiniz linux/arch/386/kernel/head. § (sayfa:
39).

#define LOW_BUFFER_START 0x2000
#define LOW_BUFFER_MAX 0x90000
#define HEAP_SIZE 0x3000

L1177 7777770777770 77777777777
asmlinkage int decompress_kernel (struct moveparams *mv, void *rmode)
| -—— setup real_mode (=rmode), vidmem, vidport, lines and cols;

|-— 1if (is_zImage) setup_normal_output_buffer () {
| output_data = 0x100000;
free_mem_end_ptr = real_mode;
} else (is_bzImage) setup_output_buffer_if_we_run_high (mv) {
output_data = LOW_BUFFER_START;
low_buffer end = MIN (real_mode, LOW_BUFFER_MAX) & ~Oxfff;
low_buffer_size = low_buffer_end - LOW_BUFFER_START;

|

|

|

|

|

| free_mem_end_ptr = &end + HEAP_SIZE;

| // get mv->low_buffer_start and mv->high_buffer_start
| mv—>low_buffer_ start = LOW_BUFFER_START;

| /* To make this program work, we must have

| & high_buffer_ start > &end+HEAP_SIZE;

| * As we will move low_buffer from LOW_BUFFER_START to 0x100000
| %S (max low_buffer_size bytes) finally, we should have
| %5 high_buffer_start > 0x100000+low_buffer_size; */
| mv->high_buffer_start = high_buffer_start

| = MAX (&end+HEAP_SIZE, 0x100000+low_buffer_size);

| mv—>hcount = 0 if (0x100000+low_buffer size > &end+HEAP_SIZE);
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

= -1 if (0x100000+low_buffer size <= &end+HEAP_SIZE);
/* mv->hcount==0: we need not move high_buffer later,

% as it is already at 0x100000+low_buffer_ size.
* Used by close_output_buffer_if_we_run_high() below. */

—— makecrc(); // create crc_32_tabl[]
puts ("Uncompressing Linux... ");
-— gunzip();
puts ("Ok, booting the kernel.\n");
-— if (is_bzImage) close_output_buffer if we_run_high (mv) {
// get mv->lcount and mv->hcount
if (bytes_out > low_buffer_size) {

mv—->lcount = low_buffer_ size;
if (mv—->hcount)
mv->hcount = bytes_out - low_buffer_size;
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} else {
mv—->lcount = bytes_out;
mv—->hcount 0;

}
}

—-— return is_bzImage; // return value in AX

b= = = — —

end "dabhili ilintileme betigi" icinde de tanimlanmigtir.

decompress_kernel () birasmlinkage degistiricisine sahiptir. Linux/include/linux/linkage.h
dosyasinda:

#ifdef __cplusplus
#define CPP_ASMLINKAGE extern "C"
#else

#define CPP_ASMLINKAGE

#endif

#if defined __1386__

#define asmlinkage CPP_ASMLINKAGE _ _attribute__ ((regparm(0)))
#elif defined __ia64__

#define asmlinkage CPP_ASMLINKAGE _ _attribute_
#else

#define asmlinkage CPP_ASMLINKAGE

#endif

((syscall_linkage))

asmlinkage makrosu derleyiciyi yigittaki tim islev argiimanlarini aktarmasi i¢in (bazi eniyilestirme yontemleri
bunu degistirmeye caligsa bile) zorlayacaktir. Ayrintilar icin[Using the GNU Compiler Collection (GCC): Declar-
[ing Attributes of Functlonslmb (regparm) ve [Kernelnewbies FAQ: What is asmllnkage[m belgelerine bakiniz.

5.2. gunzip()

decompress_kernel () sadece bzImage igin sikistirimis ¢ekirdek imgesini dislk (output_data
ile gosterilen) ve vyiksek (high_buffer_start ile gosterilen) tamponlara agmak igin
linux/lib/inflate.c dosyasindatanimli gunzip () —-> inflate () g¢agrisini yapar.

gzip dosya bicimi BEC 195282 icinde belirtilmistir.

gzip dosya bicimi

Bayt
sayisl
Bilesen Agilimi Yorumu
ID1 IDentification 1 (1. belirteg) 1 31 (0x1f,\037)
ID2 IDentification 2 (2. belirteg) 1 139 (0x8b, \213)@
CM Compression Method (Sikistirm Yontemi) |1 8 — "deflate” sikigtirma yéntemini gosterir
FLG FLaGs (Secenekler) 1 ¢ogu durumda 0
MTIME Modification TIME (Degisiklik zamani) 4 0zgiin dosyanin degisiklik zamani
XFL eXtra FLags (ek segenekler) 1 2 — sikistirici en yavas algoritmayi@ kullanr,
azami sikistirma yapar
o] Operating System (isletim Sistemi) 1 3 — Unix
ek alanlar |— - degisken uzunluk, alan FLG ile belirtilir®
sikistiriimig|— - degisken uzunluk
bloklar
CRC32 - 4 sikistirlmamisg verinin CRC degeri
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sikistinimamig girdi verisi boyunun 2°32 ile

ISIZE
boéliminden kalan

Input SIZE (Girdi uzunlugu)) 4

Bu dosya bigimi bilgisini gzipli 1 inux/vmlinux’un baglangicini bulmak igin kullanabiliriz.

[root@localhost boot]# hexdump -C /boot/vmlinuz-2.4.20-28.9 | grep '1lf 8b 08 00’

00004c50 1f 8b 08 00 01 f6 el 3f 02 03 ec 5d 7d 74 14 55 |....... ?2...11t. U]
[root@localhost boot]# hexdump -C /boot/vmlinuz-2.4.20-28.9 -s 0x4c40 -n 64

00004c40 00 80 Ob 00 00 fc 21 00 68 00 00 00 1e 01 11 00 |......t h.oi..... \
00004c50 1f 8b 08 00 01 f6 el 3f 02 03 ec 54 7d 74 14 55 |....... ?...11t. 0|
00004c60 96 7f d5 a9 dO0 1d 4d ac 56 93 35 ac 01 3a 9¢c 6a |...... M.V.5..:.7]|

00004c70 4d 46 5c d3 7b £8 48 36 c9 6c 84 f0 25 88 20 9f IME\.{.H6.1..%. .|
00004c80

[root@localhost boot]# hexdump -C /boot/vmlinuz-2.4.20-28.9 | tail -n 4
00114d40 bd 77 66 da ce 6f 3d d6 33 5c 14 a2 9f 7e fa e9 |.wf..o=.3\..."7..
00114d50 a7 9f 7e fa ff 57 3f 00 00 00 00 00 d8 bc ab ea | .

00114d60 44 5d 76 dl1 fd 03 33 58 ¢2 f£0 00 51 27 00 |

00l1l1l4dee

D]v...3X...0Q0" .|

Yukaridaki 6rnekte gzipli dosyanin 0x4c50 adresinde basladigini gérebiliriz. "1f 8b 08 00"den &nceki dort
byte input_len’dir (kglk sonlu olarak 0x0011011e) ve 0x4c50+0x0011011e=0x114d6e dederi bz Image
(/boot/vmlinuz—-2.4.20-28.9) dosyasinin boyuna esittir.

static uch *inbuf; /* girdi tamponu */
static unsigned insize = 0; /* inbuf i¢indeki gecgerli baytlar*/
static unsigned inptr = 0; /* inbuf ic¢inde iglenecek sonraki baytin indisi */

L1771 7077777 7777777777777 7777777777777777777777777777777777777777777777777777777
static int gunzip(void)
{
Girdi tamponunu {ID1l, ID2, CM} ig¢in kontrol et, sdyle olmali:
{0x1f, 0x8b, 0x08} (normal durum), veya
{O0x1f, 0x9%e, 0x08} (gzip 0.5 ig¢in);
FLG’yi (segenek bayti) kontrol et, 1, 5, 6 ve 7. bitler atanmamali;
Ignore {MTIME, XFL, OS};
FLG biti 2,3 ve 4’e karsilik gelen sec¢imlik yapilari ydnet;
inflate () ; // sikistirilmis bloklari ydnet
Validate {CRC32, ISIZE};
}

linux/arch/i386/boot/compressed/misc.c iginde tanimh get_byte () ilk defa cadinldiinda,
girdi tamponunu inbuf=input_data ve insize=input_len olacak gsekilde ayarlamak igin
fill_inbuf () islevini cadinr. input_data ve input_len sembolleri piggy. o ilintileme betiginde
tanimlanmistir. Bakiniz |linux/arch/i386/boot/compressed/Maketfilgl (sayfa: 9).

5.3. inflate()

// misc.c i¢indeki bazi 6nemli tanimlamalar

#define WSIZE 0x8000 /* Pencere boyutu en azindan 32k olmalzi,
* ve ikinin Ussii olmali */

static uch window [WSIZE]; /* Kayan pencere tamponu */

static unsigned outcnt = 0; /* ¢ikti tamponundaki bayt sayisi */

// linux/lib/inflate.c

#define wp outcnt

#define flush_output (w) (wp=(w),flush_window())
STATIC unsigned long bb; /* bit tamponu */
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STATIC unsigned bk;
STATIC unsigned hufts;

/* bit tamponundaki bit sayisi */
/* belledi kullanimi izlemek*/

static long free_mem_ptr (long) &end;

L1177 70777 7777777777777 777777777777777777/777777777777777777777777777777777777777
STATIC int inflate()

{

/* son blok secenegi */

/* sonuc¢ kod */

/* struct huft’un azami bellegi */

int e;
int r;
unsigned h;
void *ptr;

wp = bb = bk = 0;
// sikistirilmis bloklari birer birer sisir (inflate)
do {
hufts = 0;
gzip_mark () { ptr = free_mem ptr; };
if ((r = inflate_block(&e)) !'= 0) {
gzip_release() { free_mem ptr = ptr; };
return r;
}
gzip_release() { free_mem_ptr = ptr; };
if (hufts > h)
h = hufts;
} while (!e);
/* Cok fazla ileri bakmayi (lookahead) geri al. Sonraki okuma bayt hizali

* olacak boylece son anlamli bayttaki kullanilmayan bitleri c¢ikarabilecegiz.

*/
while (bk >= 8) {
bk —-= 8;
inptr—-—;

(window[O..outcnt-1]) ¢ikti verisine (output_data) vyaz,
crc ve bytes_out’u da buna bagli olarak glincelle

2

/* ¢ikti penceresini
* output_ptr/output_data,
* ve outcnt’yi 0’a ayarla.

flush_output (wp) ;

/* basarili oldudunu déndiir */
return 0;

}

free_mem_ptr dinamik bellek tahsisi igin misc.c:malloc () iginde kullanilir. Sikigtiriimis her bir blogu
sisirmeden 6nce, gzip_mark () free_mem_ptr dederini saklar. Sisirmeden sonra gzip_release () bu
degeri geri yUkleyecektir. Bu inflate_block () iginde ayirilan bellegin serbest birakiima islemidir.

[GZpER dosyalar sikistirmak igin Lempel-Ziv (LZ77) kodlamasini kullanir. Sikigtinimis veri bigimi
[EEC 19511 icinde belirtilmistir. inflate_block () bit dizeni olarak ele alinabilen sikistiriimis bloklari
sigirir.

Sikistiniimis her bir blogun veri yapisi anahatlariyla s6yledir:

BFINAL (1 bit)
0 - son blok degil
1 - son blok

BTYPE (2 bit)
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00 - sikistirma yok
bayt sinirina kadar kalan bitler;

LEN (2 bayt);
NLEN (2 bayt, LEN’in tamamlayicisi);
data (LEN bayt);

01 - diizeltilmis Huffman kodu ile sikistirilmis
{
literal (7-9 bitleri, 256 haricg¢ 0..287 kodunu temsil eder);
// Bakiniz RFC 1951, 3.2.6 paragrafindaki tablo.

length (0-=5 bitleri, literal > 256 ise 3..258 arasinda bir uzunluktur);
// Bkz. RFC 1951, 3.2.5 paragrafindaki 1. alfabe tablosu.

data (literal < 256 ise literal baytlarinin verileri);

distance (literal == 257..285 ise 5 arti 0-13 ek bit,

1..32768 arasinda bir mesafe belirtir;
/* Bakiniz RFC 1951, 3.2.5 paragrafindaki 2. alfabe tablosu,
* 3.2.6 paragrafindaki deyim dedil*/
/* Cikti akiminda "distance" bayt geri git
* ve "length" bayti kopyala. */

}* // cok sayida 6rnek olabilir
literal (7 bit, timi 0, literal == 256, blok sonu belirtir);

10 - Dinamik Huffman koduyla sikistirilmis
HLIT (5 bit, Literal/Length kodlarinin sayisi - 257, 257-286);
HDIST (5 bit, Distance kodlarinin sayisi -1, 1-32);
HCLEN (4 bit, Code Length kodlarinin sayisi -4, 4 - 19);
Code Length dizisi ( (HCLEN+4) *3 bit)

/* Asagidaki 2 alfabe tablosu, Onceki Code Length dizisinden {iretilen
* Huffman kod ¢dzme tablosu kullanilarik c¢dzilecektir. */

Literal/Length alfabesi (HLIT+257 kod)

Distance alfabesi (HDIST+1 kod)

// Kod c¢dzme tablolari bu alfabe tablolarindan olusturur.

/* Asagidaki, farkli kod ¢dzme tablolari kullanmak disinda diizeltilmis
* Huffman kodlari kismi ile benzerlik gdsterir. */

{

literal/length
(degisken uzunluk, Literal/Length alfabesine bagimli);
data (literal < 256 ise literal baytlarinin verisi);
distance (literal == 257..285 ise dedisken uzunlukta,
Distance alfabesine bagimli);
}* // ¢cok sayida Ornek olabilir
literal (literal degeri 256, blok sonu anlaminda);
11 - reserved (hata)

Dikkat ederseniz Huffman kodlari MSB'den baslarken, veri elemanlari En—Degersiz—Bit'ten (Least—Significant
Bit — LSB) basglayip En—-Degerli-Bit'e (Most-Significant Bit — MSB) kadar byte’lari paketler. Ayrica 1iteral
degerleri 286—287 ve distance kodlari 30—31’in asla olusmayacagdina dikkat edin.

RFC 1951 ve yukaridaki veri yapisi elinizdeyken inflate_block () islevinianlamak ¢ok da zor olmayacaktir.
Huffman kodlamasi ve alfabe tablosu Gretimi icin RFC 1951 igindeki ilgili paragraflara basvurunuz.

Daha fazla ayrinti igin 1inux/1ib/inflate. c belgesine, gzip kaynak koduna (bir gok yorum satiri var) ve
ilgili bagvuru materyallerine bakiniz.

[Rttp://belgeler.orq Linux Kitaplig! 38 /1



http://belgeler.org

Linux i386 Onyiikleme Kodu NASIL

5.4. Kaynakca
.
[Using LD, the GNU linke22
[[A=32 Intel Architecture Sottware Developer’s Manuall’m
[The gzip home pagell2d
[ozip (freshmeat.nef)f<0
[RFC 1951: DEFLATE Compressed Data Format Specification version 1_3'|le
[RFC 1952: GZIP tile format specification version 4.3'|Em

6. linux/arch/i386/kernel/head.S

Sonunda ¢ekirdek imgesi 1inux/vmlinux yerini aldi. iki girdiye ihtiyag var:
® 16 bitlik gercek kip kodunun yerini géstermek i¢in EST; INITSEG<<4 durumu;
® Hangi islemcinin ¢alistigini belirtmek igin BX, 0 BSP anlamina gelir, diger degerler AP igin.

ESI, dahasonraempty_zero_page’e kopyalanacak 16 bitlik gergek kip kodundaki parametre alanini gésterir.
ESI sadece BSP igin gegerlidir.

BSP (BootStrap Processor) ve APler (Application Processors) Intel terminolojileridir. Goklu islemci (MP) ilk-
lendirme islemleri hakkinda bakiniz: IA-32 Manual (Vol.3. Ch.7.5. Multiple—Processor (MP) Initialization) ve
[MultiProcessor Specificationfieled,

Yazilim agisindan bakildiginda, ¢ok islemcili bir sistemde, BSP ve APler fiziksel bellegi paylasirlar, fakat kendi
yazmag kiimelerini kullanirlar. BSP ilk olarak gekirdek kodunu galigtirir, isletim sistemi galistirma ortamini kurar
ve APleri de onun Uzerinde ¢alismasi icin tetikler. AP BSP onu uyarincaya kadar uyku kipinde kalir.

6.1. Sayfalamayi Etkinlestir

.text

L1177 0707777777777 7777777777777 7777777777777 7777777777777 7777777777777 7777777
startup_32()

{
/* bolitleri bilinen deJerlere ata */
cld;
DS = ES = FS = GS = __KERNEL_DS;

#ifdef CONFIG_SMP
#define cr4_bits mmu_cr4d_features—_ _PAGE_OFFSET

/* long mmu_cr4_features linux/arch/i386/kernel/setup.c ic¢inde tanimli
* _ PAGE_OFFSET = 0xC0000000, &rn. 3G */

// CR4 destedi ile ApP (> Intel 486) CR’U BSP’den kopyalayacak
if (BX && créd_bits) {

// sayfalama seceneklerini ac¢ (turn on) (PSE, PAE, ...)
CR4 |= crd4_bits;
} else
#endif

{
/* sayfa tablolarini (pg0..empty_zero_page-1) sadece BSP ilklendirir
.org 0x2000"de pgl
.org 0x4000"de empty_zero_page
W toplam (0x4000-0x2000)/4 = 0x0800 girdi */

*
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pgl0 = {
0x00000007, // 7 = PRESENT + RW + USER
0x00001007, // 0x1000 = 4096 = 4K
0x00002007,

pgl: 0x00400007,
0x007FF007 // toplam 8M

empty_zero_page:

}i

}

Bir ¢cekirdek sembolline basvuracagimiz zaman neden —_ _ PAGE_OFFSET eklemek zorundayiz, érnedin pg0
gibi?

linux/arch/i386/vmlinux. 1lds iginde sunlar bulunur:

= 0xC0000000 + 0x100000;
_text = .; /* Metin ve salt-okunur veri */
.text @ {
*(.text)

linux/vmlinux igin baglanacak ilk dosya olan linux/arch/i386/kernel/head.o iginde, pg0
.text boIimi 0x2000 konumunda oldudu igin, cikti bélimi . text igcinde 0x2000 konumunda olacaktir.
Bdylece ilintilendikten sonra 0xC0000000+0x100000+0x2000 adresinde olacaktir.

[root@localhost boot]# nm —--defined /boot/vmlinux-2.4.20-28.9 | \
grep ’startup_32\ |mmu_cr4_features\|pg0\|\<empty zero_page\>’ | sort
c0100000 t startup_32

c0102000 T pgO
c0104000 T empty_zero_page
c0376404 B mmu_cr4_features

Korumali kipte sayfalama etkinlestiriimeden, dogrusal adres dogrudan fiziksel adrese eslenecektir. "mov1
Spg0-__PAGE_OFFSET, $edi" pg0’in fiziksel adresine esit olan EDI=0x102000 dederini atayacaktir
(linux/vmlinux 0x100000 adresine yerlestirildigi i¢in). ~-PAGE_OFFSET semasl olmadan, yanlis ve
muhtemelen RAM alaninin étesinde olacak 0xC0102000 fiziksel adresine erigsecektir.

mmu_crd4_features .bss bolUmi icindedir ve vyukandaki o6rnekte O0x376404 fiziksel adresine
yerlestirilmistir.

Sayfa tablosu ilklendirildikten sonra sayfalama etkinlestirilebilir.

// sayfa dizini temel gdstericisini ata, fiziksel adres
CR3 = swapper_pg_dir - __PAGE_OFFSET;
// sayfalama etkin!
CRO |= 0x80000000; // PG bitini ayarla
goto 1f; // flush prefetch-queue
1:
EAX = &1f; // sonraki komutu takip eden adres
goto * (EAX); // EIP’yi yeniden konumla
1:
SS:ESP = *stack_start;

Sayfa dizini swapper_pqg_dir (Muhfeld(sayfa: 44) bolimindeki tanimlamalara bakiniz), sayfa tablolari pg0
ve pgl ile birlikte, dogrusal 0..8M-1 ve 3G..3G+8M-1 adreslerinin her ikisinin de 0..8M-1 fiziksel adresine
eslendigini belirtir. Artik gekirdek sembollerine "~__ PAGE_OFF SET" olmadan erigebiliriz. Glink( ¢ekirdek alani
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(>=3G dogrusal adresinde bulunur) sayfalama etkinlestirildikten sonra dogru bir sekilde kendi fiziksel adresine
eslenecektir.

"lss stack_start, %$esp" (SS:ESP = *stack_start) yeni bir yigit kuran "-PAGE_OFFSET" ol-
madan bir sembole basvuran ilk Ornektir. BSP igin, yigit init_task_union’in sonundadir. AP
icin, stack_start.esp linux/arch/i386/kernel/smpboot.c:do_boot_cpu() tarafindan
(sayfa: 53) iginde "(void *) (1024 + PAGE_SIZE + (char *)idle)" olacak sekilde
yeniden tanimlanmistir.

Sayfalama mekanizmalari ve veri yapilari igin bakiniz: I1A-32 Manual Vol.3. (Ch.3.7. Page Translation Using
32-Bit Physical Addressing, Ch.9.8.3. Initializing Paging, Ch.9.9.1. Switching to Protected Mode ve Ch.18.26.3.
Enabling and Disabling Paging).

6.2. Cekirdek Parametrelerini Al

#define OLD_CIL_MAGIC_ADDR 0x90020
#define OLD_CL_MAGIC 0xA33F
#define OLD_CL_BASE_ADDR 0x90000
#define OLD_CL_OFFSET 0x90022
#define NEW_CIL_POINTER 0x228 /* Gercek kip veriye gdreli */

#ifdef CONFIG_SMP
if (BX) {
EFLAGS = 0; // AP EFLAGS’leri temizler
} else
fendif
{
// 1Ilk CPU BSS’yi temizler
clear BSS; // o6rn. __bss_start .. _end
setup_idt () |
/* idt_table[256]; arch/i386/kernel/traps.c ig¢inde tanimli

& .data.idt bdélimiine yerlestirilmis
EAX = __KERNEL_CS << 16 + ignore_int;
DX = 0x8E00; // kesme kapisi, dpl = 0, mevcut
idt_table[0..255] = {EAX, EDX};

}
EFLAGS = 0;
/*
* Onylikleme parametrelerini yolun disina kopyala (ayak altindan al).
* _empty_zero_page’in ilk 2kB’lik b&limi Onylikleme parametreleri igin,
* ikinci 2kB’1lik bolimi komut satiri igindir.
*/
tasi *ESI (gercek kip baslik)’dan empty_zero_page’e, 2KB;
temizle empty_zero_page+2K, 2KB;
ESI = empty_zero_page [NEW_CL_POINTER];

if ('ESI) { // 32 bitlik komut satiri gdstericisi
if (OLD_CIL_MAGIC==(uintl6) [OLD_CIL_MAGIC_ADDR]) {
ESI = [OLD_CIL_BASE_ADDR]

+ (uintlé6) [OLD_CL_OFFSET];
tasi *ESI’dan empty_zero_page+2K’ya, 2KB;
}
} else { // 2.02+"da gecerli
tasi *ESI’dan empty_zero_page’e, 2KB;
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BSP icin cekirdek parametreleri EST tarafindan gdsterilen bellekten empty_zero_page’e kopyalanir. Eger
uygulanabilir ise ¢ekirdek komut satir empty_zero_page+2K’ya kopyalanacaktir.

6.3. islemci Turiinii Kontrol Et

islemci tiiriiniin ve islemci iceriginin nasil belirlendigi konusunda bakiniz: IA-32 Manual Vol.1. (Ch.13. Processor
Identification and Feature Determination).

// bakiniz: include/asm-i386/processor.h
// bakiniz: arch/i386/kernel/setup.c

struct cpuinfo_x86;
struct cpuinfo_x86 boot_cpu_data;

#define CPU_PARAMS SYMBOL_NAME (boot_cpu_data)

#define X86 CPU_PARAMS+0

#define X86_VENDOR CPU_PARAMS+1

#define X86_MODEL CPU_PARAMS+2

#define X86_MASK CPU_PARAMS+3

#define X86_HARD_MATH CPU_PARAMS+6

#define X86_CPUID CPU_PARAMS+8

#define X86_CAPABILITY CPU_PARAMS+12

#define X86_VENDOR_ID CPU_PARAMS+28

checkCPUtype:

{
X86_CPUID = -1; // CPUID yok
X86 = 3; // en azindan 386

save original EFLAGS to ECX;
flip AC bit (0x40000) in EFLAGS;
if (AC bit not changed) goto 1s386;

if (ID bit dedisemez) goto 1s486;

// islemci bilgilerini al

CPUID (EAX=0) ;

X86_CPUID = EAX;

X86_VENDOR_ID = {EBX, EDX, ECX};
if (!'EAX) goto is486;

CPUID (EAX=1);

X86_CAPABILITY = EDX; // dzellik

X86 = 4; // en azindan 486
flip ID bit (0X200000) in EFLAGS;
restore original EFLAGS; // AC ve ID secenekleri igin

CL = AL;

X86 = AH & 0xO0f; // aile

X86_MODEL = (AL & 0xf0) >> 4; // model

X86_MASK = CL & O0xO0f; // adimlama kimlidi (stepping id)

x87 aritmetik islemcisinin ayarlanisi igin bakiniz: 1A-32 Manual Vol.3. (Ch.9.2. x87 FPU Initialization, and

Ch.18.14. x87 FPU).

1s486:
// PG, PE, ET’yi kaydet AM, WP, NE, MP’yi ise ayarla
EAX = (CRO & 0x80000011) | 0x50022;
goto 2f; // "is386:" islemeyi atla
1s386:
orjinal EFLAGS’ lari ECX’den yeniden alj;
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// PG, PE, ET’yi kaydet MP’yi ayarla
EAX = (CRO & 0x80000011) | 0x02;

/* ET: Eklenti Tirl (Extension Type) (CRO’in 4 biti).

* Intel 386 ve Intel 486 iglemcilerde bu segenek atandidi (set) =zaman
* Intel 387 DX aritmetik isgslemcisi komutlarinin desteklendidini gdsterir.
* Pentium 4, Intel Xeon ve P6 ailesi islemcilerde ise
* bu secgenek sabit 1 olur.
w —— IA-32 Manual Vol.3. Ch.2.5. Control Registers (p.2-14) */
2
CRO = EAX;

check_x87 () {
/* Dodru olmasi icin ET’ye badimliyiz.
* Bu 287/387 ig¢in sinar. */
X86_HARD_MATH = 0;

clts; // CRO.TS = 0;
fninit; // Init FPU;
fstsw AX; // AX = ST (0);
if (AL) {
CRO “= 0x04; // yardimci islemci (coprocessor) yok, EM’i ata
} else {
ALIGN
1: X86_HARD _MATH = 1;

/* IA-32 Manual Vol.3. Ch.18.14.7.14. FSETPM komutu
* 287 islemcisinin korumali kipte oldudunu sdyler
* 387 tarafindan dikkate alinmaz*/

fsetpm;

linux/include/linux/linkage.h iginde tanimlanan ALIGN makrosu, 16—byte hizalama ve 0x90
degeri doldurma (NOP icin opcode) belirtir. . align talimatinin anlami icin ayrica [Using as: Assembler Di-|

fecliveslBID belgesine bakiniz.

6.4. Cekirdegi Baslat

ready: .byte 0; // global dedisken
{
ready++; // kag¢ islemci hazir
lgdt gdt_descr; // yeni betimleme tablosunu giivenli yerde kullan

lidt idt_descr;
goto __KERNEL_CS:$1f; // "lgdt"den sonra boliit yazmaglarini yeniden yikle

DS = ES = FS = GS = __KERNEL_DS;
#ifdef CONFIG_SMP

SS = __KERNEL_DS; // sadece boliiti yeniden yilikle
felse

SS:ESP = *stack_start; /* init_task_union’in sonu,

* linux/arch/i386/kernel/init_task.c’de tanimli */

#endif

EAX = 0;

11dt AX;

cld;
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#ifdef CONFIG_SMP
if (1l!=ready) { // 1lk islemci degdil
initialize_secondary () ;
// bakiniz: linux/arch/i386/kernel/smpboot.c
} else
#endif
{
start_kernel(); // bakiniz: linux/init/main.c

}

L6:
goto L6;
}
ik islemci (BSP) linux/init/main.c:start_kernel()’i c¢agiracak ve digerleri (AP)
linux/arch/i386/kernel/smpboot.c:initialize_secondary ()'yi cagiracak.

Inux/ini/main.d (sayfa: 46) iginde start_kernel ()’e ve [inifialize_secondary() (sayfa: 57) igindeki
initialize_secondary ()’e bakiniz.

init_task_union ilk stre¢ olan "idle" streci (pid=0) icin gbrev yapisi olmak lzere olugur. "idle" slirecinin
yigit init_task_union’in sonundan itibaren gelisir. Asagidaki kod init_task_union ile ilgilidir.

ENTRY (stack_start)
.long init_task_union+8192;
.long __KERNEL_DS;

#ifndef INIT _TASK_SIZE
# define INIT_TASK_SIZE 2048*sizeof (long)
fendif

union task_union {

struct task_struct task;

unsigned long stack [INIT_TASK SIZE/sizeof (long)];
}i

/* INIT_TASK ilk gdrev tablosunu kurmak ic¢in kullanildazi,
* riski gbze alarak kullanin! Base=0, limit=0x1fffff (=2MB) */
union task_union init_task_union
__attribute__ ((__section__ (".data.init_task"))) =
{ INIT_TASK(init_task_union.task) };

init_task_union BSP "idle" sUreci icindir. (sayfa: 49) boluminde deginilen "init" stireciyle karistirmayin.

6.5. Muhtelif
L1117 7777777 7777777777777777777777777777777777777777777777777777777777

// 6ntanimli kesme yodneticisi ("handler")
ignore_int () { printk ("Unknown interrupt\n"); iret; }
/*

* Kesme belirtici tablosu 256 idt i¢in odaya (room) sahiptir,
* global belirtici tablosu sahip olabilecedimiz
* gOrev sayilsina bagimlidir...
=2/
#define IDT_ENTRIES 256
#define GDT_ENTRIES (__TSS(NR_CPUS))

.globl SYMBOL_NAME (idt)
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.globl SYMBOL_NAME (gdt)

ALIGN

.word O
idt_descr:

.word IDT_ENTRIES*8-1 # idt 256 girdi igerir
SYMBOL_NAME (idt) :

.long SYMBOL_NAME (idt_table)

.word O
gdt_descr:

.word GDT_ENTRIES*8-1
SYMBOL_NAME (gdt) :

.long SYMBOL_NAME (gdt_table)

/*
* Bu, 0-8M’de (Onylkleme amaglari ig¢in) bir kimlik eslesmesi ve

* PAGE_OFFSET sanal adresinde baska bir 0-8M eslesmesi olusturmak
* {izere ilklendirilir.

=2/
.org 0x1000
ENTRY (swapper_pg_dir) // "ENTRY" linux/include/linux/linkage.h’da tanimli

.long 0x00102007

.long 0x00103007

.fill BOOT_USER_PGD_PTRS-2,4,0
/* ontanimli: 766 girdi */

.long 0x00102007

.long 0x00103007

/* dntanimli: 254 girdi */

.fill BOOT_KERNEL_PGD_PTRS-2,4,0

/*
* Sayfa tablolarinin burada sadece 8MB’1 ilklendirilir
* — sonuncu sayfa tablolari bellek boyutuna bagli
* olarak daha sonra ayarlanir.
=2/
.org 0x2000
ENTRY (pg0)

.org 0x3000
ENTRY (pgl)

/*
* empty_zero_page hemen sayfa tablosunu takip etmelidir !
* (Ilklendirme dénglisii empty_zero_page’e kadar sayar)

*/
.org 0x4000
ENTRY (empty_zero_page)

/*

* normal "text" boliitlinlin gergek baslangici
=2/

.org 0x5000

ENTRY (stext)

ENTRY (_stext)

[177777777777777777777777777777777777777777777777777777777777777777777777777777
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/*

* Bu veri bolimini baslatir. Dikkat ederseniz yukarida timi
* text bolimlindedir c¢linki bu bizim baska bir sekilde

* gideremeyecedimiz hizalama gereksinimidir.

=2/

.data

ALIGN

/*
* Tipik olarak 140 "quadwords" icerir; NR_CPUS’a bagli olarak.
*
* DIKKAT! Herhangi bir seyi dedistirirseniz, bunun head.S’deki
* gdt belirticisiyle eslestiginden emin olun.

*/
ENTRY (gdt_table)

.quad 0x0000000000000000 /* NULL belirtici */

.quad 0x0000000000000000 /* kullanilmadi */

.quad 0x00cf9a000000ffff /* 0x10 kernel 4GB code at 0x00000000 */
.quad 0x00cf92000000ffff /* 0x18 kernel 4GB data at 0x00000000 */
.quad 0x00cffaO00000ffff /* 0x23 user 4GB code at 0x00000000 */
.quad 0x00cff2000000ffff /* 0x2b user 4GB data at 0x00000000 */
.quad 0x0000000000000000 /* kullanilmadi */

.quad 0x0000000000000000 /* kullanilmadi */

/*

* APM boliitleri bayt taneciklilik &zellidine sahiptir ve
* tabanlari ile sinirlari g¢alisma zamaninda atanir.

*/
.quad 0x0040920000000000 /* 0x40 kott BIOS’ lar igin APM atamasi */
.quad 0x00409a0000000000 /* 0x48 APM CS kod */
.quad 0x00009a0000000000 /* 0x50 APM CS 16 kod (16 bit) */
.quad 0x0040920000000000 /* 0x58 APM DS veri */
.fill NR_CPUS*4,8,0 /* TSS’ler ve LDT’ler ic¢in bosluk */

idt_descr ve gdt_table’dan énce olan ALIGN makrosu performans ile ilgilidir.

6.6. Kaynakca

[[A=32 Intel Architecture Sottware Developer’s Manuall1me
[MultiProcessor Specificationfeta

e [OsingasfF™a

[GNU Binary Utilitiesf=L4

linux/init/main.c

Bu boélimi yazarken kendimi suclu hissettim ¢link( yeterince olmasa bile hakkinda ¢ok sayida belge var.
start_kernel () destekli islevler, surekli gelisen igletim sistemi dahili bilesenlerine bagimh oldugu igin,
strimden sirime degisir. Sik sik belge glincellemek icin vaktim olmadigindan bu bdlim( olabildigince basit
tutmaya karar verdim.

7.1. start_kernel()

L1177 000777077777 7777777777777707777777077777777777777777777777777777777777777777
void [ Init]EID start_kernel (void)
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char * command_line;
extern char saved_command_line[];
/*
* Kesmeler hala etkin dedil. Gerekli kurulumu yap, sonra etkinlestir
=/
lock_kernel ();
printk (linux_banner) ;

/* [[inux’ da bellek yonetimi]ELD, esp. for setup_arch()

* [Linux-2.4.4 MM Baslangic durumuna qetirmdaﬂz@ =2/
setup_arch (&command_line) ;
printk ("Kernel command line: %s\n", saved_command_line);

/* linux/Documentation/kernel-parameters.txt
* [The Linux BootPrompt—HowTd@ZZE */
parse_options (command_line);

trap_init () {
#ifdef CONFIG_EISA
if (isa_readl (0xXO0FFFD9) == 'E’+('I'<<8)+('S’'<<1l6)+ ('A’'<<24))
EISA_bus = 1;
#endif
#ifdef CONFIG_X86_LOCAL_APIC
init_apic_mappings () ;
fendif
set_xxxx_gate (x, &func); // kurulum kapilari
cpu_init () ;
}
init_TIRQ();
sched_init () ;
softirg_init () |
for (int i=0; i<32: i++)
tasklet_init (bh_task_vec+i, bh_action, 1i);
open_softirqg(TASKLET_SOFTIRQ, tasklet_action, NULL);
open_softirg(HI_SOFTIRQ, tasklet_hi_action, NULL);
}

time_init ();

/*
* HACK ALERT! Bu erken. PCI ve bunun gibi kurulumlari bitirdikten
* ve console_init ()’in bunu farketmesinde Once konsolu etkinlegtirmeliyiz.
* Birseylerin kot gitmesi durumunda bunun erkenden ¢ikti olmasini isteriz.
*/
console_init ();
#ifdef CONFIG_MODULES
init_modules () ;
#endif
if (prof_shift) {
unsigned int size;
/* only text is profiled */
prof_len = (unsigned long) &_etext - (unsigned long) &_stext;
prof_len >>= prof_shift;
size = prof_len * sizeof (unsigned int) + PAGE_SIZE-1;
prof_buffer = (unsigned int *) alloc_bootmem(size);
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kmem_cache_init () ;
sti();

// [BogoMips mini-Howt o]&d

calibrate_delay();

// linux/Documentation/initrd.txt
#ifdef CONFIG_BLK_DEV_INITRD
if (initrd_start && !initrd_below_start_ok &&
initrd_start < min_low_pfn << PAGE_SHIFT) {
printk (KERN_CRIT "initrd overwritten (0x%08lx < 0x%081lx) - "
"disabling it.\n",initrd_start,min_low_pfn << PAGE_SHIFT);
initrd_start = 0;
}
fendif

mem_init () ;
kmem_cache_sizes_init () ;
pagtable_cache_init ();

/*
Yiksek bellede (highmem) sahip olan mimariler ig¢in, num_mappedpages
cekirdedin kullanabilecegdi bellek miktarini ifade eder. DiJer mimariler
i¢in toplam sayfa ile aynidir. Her iki rakama da ihtiyag¢ duyariz c¢lnkid
bazi altsistemler c¢ekirdedin ne kadar bellek kullanabilecedine dayanarak
baslangi¢ durumuna getirilir.

X% X X X %

/
if (num_mappedpages == 0)
num_mappedpages = num_physpages;

fork_init (num_mempages) ;
proc_caches_init () ;
vfs_caches_init (num_physpages) ;
buffer_init (num_physpages) ;
page_cache_init (num_physpages) ;

#if defined (CONFIG_ARCH_S390)
ccwcache_init ();

#endif
signals_init ();

#ifdef CONFIG_PROC_FS
proc_root_init ();

#endif

#if defined (CONFIG_SYSVIPC)
ipc_init () ;

#endif
check_bugs () ;
printk ("POSIX conformance testing by UNIFIX\n");

/*
W i1k islemdeki (thread) iyi gidenleri sayaraiz
Wi atil (idlers) gibi init de kilitsiz bir ¢ekirdek islemidir,
w sistem c¢adrisi yapar (ve bdylece kilitlenir).
=/

smp_init () |

#ifndef CONFIG_SMP
# ifdef CONFIG_X86_LOCAL_APIC
APIC_init_uniprocessor();
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# else
do { } while (0);
# endif
felse
/* Check (sayfa: 53). */
#endif
}
rest_init () {

// init process, pid =1
kernel_thread(init, NULL, CLONE_FS | CLONE_FILES | CLONE_SIGNAL);
unlock_kernel () ;

current—->need_resched = 1;
// idle process, pid = 0
cpu_idle () ; // never return

}

start_kernel () "init"islemiolusturmakicin rest_init () ’igagirrve kendisi "idle" islem durumuna gecer.

7.2. init()
"Init" streci:
111777177777 7777777777777777777777777777777777777777777777777777777777777777777

static int init (void * unused)

{

lock_kernel ();
do_basic_setup();

prepare_namespace () ;

/*
* Tamam, 1lk Onyliklemeyi (bootup) tamamladik, ayakta ve
* ¢alisir durumdayiz. initmem bdéliitlerinden kurtul ve
* kullanici kipini baslat...
*/

free_initmem() ;

unlock_kernel ();

if (open("/dev/console", O_RDWR, 0) < 0) // stdin
printk ("Warning: unable to open an initial console.\n");

(void) dup(0); // stdout
(void) dup(0); // stderr
/%

* Biri basarili olana kadar her birini deneyecegdiz
* Gergekten bozuk bir makinayi toparlamaya c¢alisiyorsak
* init yerine Bourne kabudu kullanilabilir.

*/

if (execute_command)

execve (execute_command, argv_init,envp_init);
execve ("/sbin/init",argv_init,envp_init);
execve ("/etc/init",argv_init,envp_init);

execve ("/bin/init",argv_init,envp_init);
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execve ("/bin/sh",argv_init,envp_init);
panic ("No init found. Try passing init= option to kernel.");

}
Kullanicr kipi "init" streciyle ilgili bilgiler igin man init veyaSysViniiE2’e bakiniz.

7.3. cpu_idle()

"Idle" sireg:

/*
* Bosta bekleme (idle) evresi. Yapilacak yararli bir is yok,

* bu ylizden sadece giici korumaya calis ve diislik ¢ikis gecikmesine
* sahip ol (&6rn. birinin yeniden is yapma istedi

* belirtmesini bekleyen bir déngil i¢inde kal)

=2/

void cpu_idle (void)

{

/* hic¢ bir 6ncelidi olmayan sonsuz atil doéngu */

init_idle();

current->nice = 20;

current->counter = -100;

while (1) {

void (*idle) (void) = pm_idle;

if (!idle)
idle = default_idle;

while (!current->need_resched)
idle () ;

schedule() ;

check_pgt_cache () ;

L1777 777777077777777777777777777777777777777777777777777777777777777777777777777
void __init init_idle (void)
{

struct schedule_data * sched_data;
sched_data = &aligned_datal[smp_processor_id()].schedule_data;

if (current != &init_task && task_on_runqueue (current)) {

printk ("UGH! (%d:%d) was on the runqueue, removing.\n",
smp_processor_id (), current->pid);

del_from_runqueue (current) ;

}

sched_data->curr = current;

sched_data—->last_schedule = get_cycles();

clear_bit (current->processor, &wait_init_idle);

L1777 7777 7777777777777 777777777777777777777777777777777777777777777777777777777
void default_idle (void)

{
if (current_cpu_data.hlt_works_ok && 'hlt_counter) {
__cli();
if (!current->need_resched)
safe_halt ();
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else
__sti();

/* linux/include/asm-1386/system.h i¢inde tanimli */
#define __cli() asm __volatile__("cli": : :"memory")

#define __sti() asm __volatile__ ("sti": : :"memory")

/* atil doéngl icinde kullanildi; sti’nin tamamlanmasi bir komut siresi alir */
#define safe_halt () _asm__ __volatile__("sti; hlt": : :"memory")

islemci bir kesme eylemcisinden dénen "hlt"yi takip eden komut ile kod calistirmaya devam edecektir.

7.4. Kaynakca
o [MxKemel 22 nfermasiez
e [RerneldodF22
e [DP HOWTO-INDEXHE22
e [Cinux Device Drivers, 2nd Editionf2<9

SMP Onyiikleme

SMP ile ilgili CONFIG_SMP, CONFIG_X86_LOCAL_APIC, CONFIG_X86_IO_APIC,
CONFIG_MULTIQUAD ve CONFIG_VISWS gibibir kag makro bulunmaktadir. Birgok insanin dikkate almadigi
(eger IBM iist—ug cok islemcili sunucu veya SGI Gérsel isistasyonu kullanmiyorsa) CONFIG_MULTIQUAD
veya CONFIG_VISWS gerektiren kodlari yoksayacagim.

BSP APleri tetiklemek igin start_kernel() -> smp_init () —-> smp_boot_cpus() ->
do_boot_cpu() —-> wakeup_secondary_via_ INIT()’i c¢alistirir. Teknik ayrintilar icin bakiniz:
[MuliiProcessor Specification2<4 ve IA-32 Manual Vol.3 (Ch.7. Multile—-Processor Management, and Ch.8.
Advanced Programmable Interrupt Controller).

8.1. smp_init() Oncesi

smp_1init ()’i gagirmadan énce, start_kernel () SMP ortamini kurmak igin birgeyler yapar.

start_kernel ()

| -—— setup_arch ()

| | -— parse_cmdline_early(); // SMP "noht" ve "acpismp=force" arar

| ‘—— /* "noht" ¢oklu isgslem (HyperThreading) 6zellidini iptal eder
| * (Xeon basina 2 mantiksal islemci) */

| if (!memcmp (from, "noht", 4)) {

| disable_x86_ht = 1;

| set_bit (X86_FEATURE_HT, disabled_x86_caps);

| }

| /* "acpismp=force" ACPI SMP tablosunu kullanima ve
| * coziimlemeye zorlar */

| else if (!memcmp (from, "acpismp=force", 13))

|

|

|

|

|

enable_acpi_smp_table = 1;
—-— setup_memory () ; // MP yapilandirma tablosu icin bellek ayirir
| -— reserve_bootmem (PAGE_SIZE, PAGE_SIZE);
‘—— find_smp_config();
‘—— find_intel_smp();
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| ‘—— smp_scan_config();

| |-— set flag smp_found_config

| |-— set MP floating pointer mpf_found

| ‘-— reserve_bootmem (mpf_found, PAGE_SIZE);

|-— if (disable_x86_ht) { // coklu islem iptal edilmisse

| clear_bit (X86_FEATURE_HT, &boot_cpu_data.x86_capability[0]);
| set_bit (X86_FEATURE_HT, disabled_ x86_caps);

| enable_acpi_smp_table = 0;
|
|
|
|
|
|

}
—-— if (test_bit (X86_FEATURE_HT, &boot_cpu_data.x86_capability[0]))
enable_acpi_smp_table = 1;
—— smp_alloc_memory () ;
‘—-— /* AP islemcilerinin gercek kip kod uzayini dislik bellekte ayirir */
trampoline_base = (void *) alloc_bootmem_low_pages (PAGE_SIZE) ;
—-— get_smp_config(); /* onylukleme ani MP yapilandirmasini al */

| -— config_acpi_tables();
| | —— memset (&acpi_boot_ops, 0, sizeof (acpi_boot_ops));
| —— acpi_boot_ops[ACPI_APIC] = acpil_parse_madt;
‘—-— /* have_acpi_tables dederini ACPI tablosunda
* MADT kullanildigini belirtecek sekilde de§istirir;
* basarisiz olursa MPS kullan. */
if (enable_acpi_smp_table && 'acpi_tables_init())

|
|
|
|
|
|
| -— set pic_mode
|
|
|
|

have_acpi_tables = 1;
/* =1, IMCR varsa ve PIC Kipi gerceklestirilmisse;
* =0, aksi taktirde Sanal Tel Tipi (Virtual Wire Mode)
R gerceklestirilmistir. */
—-— mp_lapic_addr’deki yerel APIC adresini sakla

-— MP_PROCESSOR, MP_BUS, MP_TIOAPIC, MP_INTSRC ve MP_LINTSRC.MP gibi
yapilandirma tablo girdilerini tara.

—-— trap_init ();
‘—— init_apic_mappings(); // PTE’yi APIC ig¢in ayarla
|-— /* EJer hig¢ yerel APIC bulunmazsa tlm sifir sayfalarini
| * (zeroes page) yerel APIC’i ve bir de IO-APIC’1
* taklit edecek sekilde ayarla. */

if (!smp_found_config && detect_init_APIC()) {
apic_phys = (unsigned long) alloc_bootmem_pages (PAGE_SIZE) ;
apic_phys = __pa(apic_phys);

} else

|
|
|
|
|
| apic_phys = mp_lapic_addr;
|-— /* yerel APIC adresini,
| *  ¢ogu durumda mp_lapic_addr’dir (0xfee00000),
| * bunu dodrusal FIXADDR_TOP (0Oxffffe000) adresine esle */
| set_fixmap_nocache (FIX_APIC_BASE, apic_phys);
|-— /* 6ntanimli yapilandirmamiz (veya MP tablosunun bozuk olmasi)
| * durumu i¢in BSP’nin APIC ID dederini al. */
| if (boot_cpu_physical_apicid == -10U)
| boot_cpu_physical_apicid = GET_APIC_ID (apic_read (APIC_ID));
‘-— // IOAPIC adresini arabelleksiz dodrusal adrese esle
set_fixmap_nocache (idx, iocapic_phys);
// Artik APIC uzayina erismek ig¢in dodrusal adres kullanabiliriz.

-— init_IRQ();

|-— init_TISA_irgs();

| | -— /* sanal tel kipinin ilk kurulumu. */

| | init_bsp_APIC();

| ‘—— 1nit_8259A (auto_eo0i=0);
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| ‘—-— setup SMP/APIC interrupt handlers, esp. IPI.

‘—— mem_init ();
‘—— /* SMP ig¢in disik adresleme geg¢isini (zapping)
* geciktir: zap_low_mappings () */

IPI (islemcilerarasi Kesme — InterProcessor Interrupt), yani islemciden islemciye yerel APIC {izerinden kesme,
BSP’nin APleri tetiklemek igin kullandigi mekanizmadir.

Bilmeniz gerekir ki MP—uyumlu sistemlerde "CPU basina bir yerel APIC gereklidir". islemciler APIC yerel bir-
imlerinin adres uzayini (OXFEEQ0000 — OxFEEFFFFF fiziksel adresini) paylasmazlar, fakat APIC giris—¢ikis
birimlerini (OxFEC00000 — OxFECFFFFF) paylasirlar. Her iki adres uzayi da arabelleklenebilir degildir.

8.2. smp_init()

BSP her bir islemcinin veri yapilarini kurmak ve kalan APleri etkinlesgtirmek igin start_kernel () ->
smp_init () —-> smp_boot_cpus () ¢cagrisi yapar.

L1170 77777777 7777777777777 777777777777777/777777777777777777777777777777777777777
static void __init smp_init (void)
{
/* Get other processors into their bootup holding patterns. */
smp_boot_cpus () ;
wait_init_idle = cpu_online_map;
clear_bit (current—->processor, &wait_init_idle); /* Don’t wait on me! */

smp_threads_ready=1;

smp_commence () {
/* Lets the callins below out of their loop. */
Dprintk ("Setting commenced=1, go go go\n");
wmb () ;
atomic_set (&smp_commenced, 1) ;

}

/* Wait for the other cpus to set up their idle processes */

printk ("Waiting on wait_init_idle (map = Ox%1x)\n", wait_init_idle);
while (wait_init_idle) {
cpu_relax(); // i.e. "rep;nop"

barrier();

}

printk ("All processors have done init_idle\n");

}

[1777707 7770777777777 77777777777777777777777777777777777777777777777777777777777
void __init smp_boot_cpus (void)

{
// ... ¢cok ilging¢ olmayan birsey :-)

/* Initialize the logical to physical CPU number mapping
* and the per-CPU profiling router/multiplier */

prof_counter[0..NR_CPUS-1] = 0;

prof_old multiplier[0..NR_CPUS-1] = 0;

prof_multiplier[0..NR_CPUS-1] = O;

init_cpu_to_apicid() {
physical_apicid_2_cpu[0..MAX_APICID-1] = -1;
logical_apicid_2_cpul[0..MAX_APICID-1] = -1;
cpu_2_physical_apicid[0..NR_CPUS-1] = 0;
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cpu_2_logical_apicid[0..NR_CPUS-1] = 0;

/* Setup boot CPU information */

smp_store_cpu_info(0); /* Final full version of the data */
printk ("CPU%d: ", 0);

print_cpu_info (&cpu_datal[0]);

/* We have the boot CPU online for sure. */

set_bit (0, &cpu_online_map);

boot_cpu_logical_apicid = logical_smp_processor_id() {
GET_APIC_LOGICAL_ID (* (unsigned long *) (APIC_BASE+APIC_LDR));

}

map_cpu_to_boot_apicid (0, boot_cpu_apicid) {
physical_apicid_2_cpul[boot_cpu_apicid] = 0;
cpu_2_physical_apicid[0] = boot_cpu_apicid;

global_irg holder = 0;
current->processor = 0;
init_idle(); // will clear corresponding bit in wait_init_idle
smp_tune_scheduling();

// ... some conditions checked

connect_bsp_APIC(); // enable APIC mode if used to be PIC mode
setup_local_APIC();

if (GET_APIC_ID (apic_read(APIC_ID)) != boot_cpu_physical_apicid)
BUG () ;

/* Scan the CPU present map and fire up the other CPUs

* via do_boot_cpu() */
Dprintk ("CPU present map: $%$1x\n", phys_cpu_present_map);
for (bit = 0; bit < NR_CPUS; bit++) {

apicid = cpu_present_to_apicid(bit);

/* Don’t even attempt to start the boot CPU! */

if (apicid == boot_cpu_apicid)
continue;

if (! (phys_cpu_present_map & (1 << bit)))
continue;

if ((max_cpus >= 0) && (max_cpus <= cpucount+1))
continue;

do_boot_cpu (apicid);
/* Make sure we unmap all failed CPUs */

if ((boot_apicid_to_cpu(apicid) == -1) &&
(phys_cpu_present_map & (1 << bit)))
printk ("CPU #%d not responding - cannot use it.\n", apicid);
}
// ... SMP BogoMIPS
// ... B stepping processor warning
// ... HyperThreading handling

/* Set up all local APIC timers in the system */
setup_APIC_clocks();
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/* Synchronize the TSC with the AP */
if (cpu_has_tsc && cpucount)
synchronize_tsc_bp();

smp_done:
zap_low_mappings () ;

L1777 777 7070777777777 77777777777777777777777777777777777777777777777777777777777
static void __init do_boot_cpu (int apicid)
{

cpu = ++cpucount;
// 1. prepare "idle process" task struct for next AP

/* We can’t use kernel_thread since we must avoid to
* reschedule the child. */
if (fork_by_hand() < 0)
panic("failed fork for CPU %d", cpu);
/* We remove it from the pidhash and the runqueue
* once we got the process: */
idle = init_task.prev_task;
if (!idle)
panic ("No idle process for CPU %d", cpu);

/* we schedule the first task manually */
idle->processor = cpu;

idle->cpus_runnable = 1 << cpu; // only on this AP!

map_cpu_to_boot_apicid(cpu, apicid) {

physical_apicid_2_cpulapicid] = cpu;
cpu_2_physical_apicid[cpu] = apicid;

}

idle->thread.eip = (unsigned long) start_secondary;

del_ from_runqueue (idle);
unhash_process (idle);
init_tasks[cpu] = idle;

// 2. prepare stack and code (CS:IP) for next AP

/* start_eip had better be page-aligned! */

start_eip = setup_trampoline() {
memcpy (trampoline_base, trampoline_data,
trampoline_end - trampoline_data);
/* trampoline_base was reserved in
* start_kernel () —-> setup_arch() —-> smp_alloc_memory (),

* and will be shared by all APs (one by one) */
return virt_to_phys (trampoline_base);

/* So we see what’s up */
printk ("Booting processor %d/%d eip %1x\n", cpu, apicid, start_eip);

stack_start.esp = (void *) (1024 + PAGE_SIZE + (char *)idle);
/* this value is used by next AP when it executes
& "lss stack_start, %$esp" in
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}

& linux/arch/i386/kernel/head.S:startup_32(). */

/* This grunge runs the startup process for
* the targeted processor. */
atomic_set (&init_deasserted, 0);
Dprintk ("Setting warm reset code and vector.\n");

CMOS_WRITE (Oxa, O0xf);
local_flush_tlb();
Dprintk ("1.\n");

*((volatile unsigned short *) TRAMPOLINE_HIGH) = start_eip >> 4;
Dprintk ("2.\n");
*((volatile unsigned short *) TRAMPOLINE_LOW) = start_eip & O0xf;

Dprintk ("3.\n");
// we have setup 0:467 to start_eip (trampoline_base)

// 3. kick AP to run (AP gets CS:IP from 0:467)

// Starting actual IPI sequence...
boot_error = wakeup_secondary_via_INIT (apicid, start_eip);
if (!boot_error) { // looks OK

/* allow APs to start initializing. */

set_bit (cpu, &cpu_callout_map);

/* ... Wait 5s total for a response */

// bit cpu in cpu_callin_map is set by AP in smp_callin ()
if (test_bit(cpu, &cpu_callin_map)) {

print_cpu_info (&cpu_datalcpul) ;
} else {

boot_error= 1;

// marker O0xA5 set by AP in trampoline_data ()

if (*((volatile unsigned char *)phys_to_virt(8192)) == 0xA5)
/* trampoline started but... */
printk ("Stuck ?2\n");

else

/* trampoline code not run */
printk ("Not responding.\n");

}

if (boot_error) {
/* Try to put things back the way they were before ... */
unmap_cpu_to_boot_apicid(cpu, apicid);
clear_bit (cpu, &cpu_callout_map); /* set in do_boot_cpu() */
clear_bit (cpu, &cpu_initialized); /* set in cpu_init () */
clear_bit (cpu, &cpu_online_map); /* set in smp_callin() */
cpucount—-—;

/* mark "stuck" area as not stuck */
*((volatile unsigned long *)phys_to_wvirt(8192)) = 0;

start_secondary () ile trampoline_data ()’yl kanistirmayin. ilki AP "idle" siireci gérev yapisi EIP
degeridir, ikincisi ise AP’nin BSP onu uyardiktan sonra (wakeup_secondary_via_INIT () kullanarak)
calistirdidi gercek kipli koddur.
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8.3. linux/arch/i386/kernel/trampoline.S

Bu dosya 16 bitlik gergek kipli AP baglatma kodunu igerir. BSP start_kernel () —> setup_arch()
-> smp_alloc_memory () iginde trampoline_base bellek uzayini ayirdi. BSP APyi tetiklemeden
6nce trampoline kodunu trampoline_data ve trampoline_end arasindan trampoline_base’e
(do_boot_cpu() —-> setup_trampoline () igindeki) kopyalar. BSP 0:467 noktasini, AP bu noktadan
itibaren calisabilmesi igin, t rampoline_base olarak atar.

L1177 7 777 7777777777777777777777777777777777777777777777777777777777777

trampoline_data ()

{

r_base:
wbinvd; // digeri ig¢in zararsiz olmasi gereken NUMA-Q ig¢in gerekli
DS = CS;
BX = 1; // Bir SMP trampoline secgenedi
@llal g

// master’in calistidimizi bilmesi ic¢in imleyiciyi vyaz
trampoline_base = 0xAS5A5A5A5;

lidt idt_48;
lgdt gdt_48;

AX = 1;

lmsw AX; // korumali kip!

goto flush_instr;
flush_instr:

goto CS:100000; // see linux/arch/i386/kernel/head.S:startup_32()
}

idt_48:
.word 0 # idt limit = 0
.word 0, 0 # idt base = 0L
gdt_48:
.word 0x0800 # gdt limit = 2048, 256 GDT girdisi

.long gdt_table-__PAGE_OFFSET # gdt base = gdt (ilk SMP CPU)

.globl SYMBOL_NAME (trampoline_end)
SYMBOL_NAME_LABEL (trampoline_end)

Dikkat ederseniz AP linux/arch/i386/kernel/head.S:startup_32()’ye gectiginde, BSP-
ninkinden (BX=0) farkli olarak, BX=1 oluyor. Bakiniz: [ilnux/arch/i386/kernel/head J (sayfa: 39).

8.4. initialize_secondary()

BSP’den farkli olarak, [Cekirdegi Baslal (sayfa: 43) bdlimundeki
linux/arch/i386/kernel/head.S:startup_32 ()’nin sonunda AP start_kernel () yerine
initialize_secondary ()’yi¢agirir.

/* Ikincil islemciler icin hersey kurulmus durumda;
* bunlar sadece gdrev yapisindaki herseyi yeniden
* yiklemek ig¢in gerekli.

* Bu islev deJer dondliirmemeli. */
void __init initialize_secondary (void)

{

/* Aslinda tim TSS’yi yliklememiz gerekmiyor,
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* basitge sadece yidit gdstericisi ve eip. */
asm volatile(
"movl %0, %%esp\n\t"

mw jmp *%1"
:"r" (current->thread.esp),"r" (current->thread.eip));

}

BSPnin thread.eip'yistart_secondary () 'ye atamakigin do_boot_cpu () 'yu gagirmasiyla denetim
bu isleve gecer. AP, BSP tarafindan do_boot_cpu() -> fork_by_hand() -> do_fork () iginde
kurulan, yeni bir y1§it gergevesi kullanir.

8.5. start_secondary()

Tam APler (sayfa: 53) igindeki smp_init () —> smp_commence () ile tetiklenen BSP'den
smp_ commenced sinyalini beklerler. Bu sinyali aldiktan sonra "idle" streglerini ¢alistirirlar.
[111777777777777777777777777777777777777777777777777777777777777777777777777777

int __init start_secondary(void *unused)

{

/* smp_callin() o6ncesine birsey koyma, en yapilmasi gereken seyleri

* yapmak ig¢in yapilacak seyleri sinirlamak istedigimiz bu yerde

* SMP Onyliklemesi ¢ok kirilgandir.*/
cpu_init ();
smp_callin();
while (!atomic_read (&smp_commenced))

rep_nop () ;
/* disik bellek adreslemesi temizlendi,
* onlari yerel TLB’lerden de ¢ikar (flush). */

local_flush_tlb();

return cpu_idle(); // asla ddnmez, bakiniz: (sayfa: 50)

}

cpu_idle() —-> init_idle() wait_init_idle igindeki ilgili biti temizler ve son olarak BSPnin
smp_1init ()’i bitirmesini sadlar ve start_kernel () igindeki takip eden islevle devam eder (6rn.
rest_init ()).

8.6. Kaynakca

e [MultiProcessor Specificationfilid
[[A=32 Intel Architecture Sottware Developer’s Manuall’m
[Cinux Kernel 2.4 Tnfernals: Ch.1.7. SMP Bootup on xg8e=led
¢ [NuxSMP HOWTOWELS
mmﬂm

Bir cokislemcili Linux gergeklenimi: 1inux/Documentation/smp.tex
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A. Cekirdek Derleme ve Kurulum Ornegi

Asagida bir cekirdek kurulum drnegi var (Eedhai®23 9.0 tizerinde). "/*" ve "*/" arasindaki ifadeler konsol ¢iktisi
degil yorum satirlaridir.

[root@localhost rootl# 1ln -s /usr/src/linux-2.4.20 /usr/src/linux
[root@localhost root]l# ed /usr/src/linux
[root@localhost linux]# make xconfig
/* .config dosyasini olusturun:
* [. "Load Configuration from File" ile
*  /boot/config—2.4.20-28.9 veya istediginiz bir config
*  dosyasint yiikleyin.
* 2. Cekirdek yapilandirma parametrelerini degistirin.
* 3. "Kaydedip ctkin" */
[root@localhost linux]# make oldconfig
/* isterseniz .config’i yeniden kontrol edin */
[rootQ@localhost linux]# wvi Makefile
/* isterseniz linux/Makefile icindeki EXTRAVERSION
* degerini degistirin */
[root@localhost linux]# make dep
/* .depend vs. yi olusturun */
[root@localhost linux]# make bzImage
/*... Bazi ¢iktilar atlandi */
1d -m elf_i386 -T /usr/src/linux-2.4.20/arch/i386/vmlinux.lds -e stext arch/i386
/kernel/head.o arch/i386/kernel/init_task.o init/main.o init/version.o init/do_m
ounts.o \
—--start-group \
arch/i1386/kernel/kernel.o arch/i386/mm/mm.o kernel/kernel.o mm/mm.o fs/f
s.o ipc/ipc.o \
drivers/char/char.o drivers/block/block.o drivers/misc/misc.o drivers/n
et/net.o drivers/media/media.o drivers/char/drm/drm.o drivers/net/fc/fc.o driver
s/net/appletalk/appletalk.o drivers/net/tokenring/tr.o drivers/net/wan/wan.o dri
vers/atm/atm.o drivers/ide/idedriver.o drivers/cdrom/driver.o drivers/pci/driver
.0 drivers/net/pcmcia/pcmcia_net.o drivers/net/wireless/wireless_net.o drivers/p
np/pnp.o drivers/video/video.o drivers/net/hamradio/hamradio.o drivers/md/mddev.
o drivers/isdn/vmlinux-obj.o \
net/network.o \
/usr/src/linux-2.4.20/arch/1386/1ib/lib.a /usr/src/linux-2.4.20/1ib/1lib.
a /usr/src/linux-2.4.20/arch/i386/1ib/lib.a \
-—end-group \
-0 vmlinux
nm vmlinux | grep -v '\ (compiled\)\ |\ (\.o$\)\I\( [aUw] \)\I\N(\.\.ngS$\)\ |\ (LASH[R
LIDI\)’ | sort > System.map
make[l]: Entering directory ‘/usr/src/linux-2.4.20/arch/i386/boot’
gcc -E -D__KERNEL__ -I/usr/src/linux-2.4.20/include -D__BIG_KERNEL__ -traditiona
1 -DSVGA_MODE=NORMAL_VGA Dbootsect.S —-o bbootsect.s
as —o bbootsect.o bbootsect.s
bootsect.S: Assembler messages:
bootsect.S:239: Warning: indirect lcall without ‘*’/
1d —-m elf_ 1386 -Ttext 0x0 -s —--oformat binary bbootsect.o —-o bbootsect
gcc -E -D__KERNEL__ -I/usr/src/linux-2.4.20/include -D__BIG_KERNEL__ -D__ASSEMBL
Y__ —-traditional -DSVGA_MODE=NORMAL_VGA setup.S -0 bsetup.s
as —o bsetup.o bsetup.s
setup.S: Assembler messages:
setup.S:230: Warning: indirect lcall without *’
1d —m elf_ 1386 -Ttext 0x0 -s —--oformat binary -e begtext -o bsetup bsetup.o
make[2]: Entering directory ‘/usr/src/linux-2.4.20/arch/i386/boot/compressed’
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tmppiggy=_tmp_S$Spiggy; \

rm —-f Stmppiggy $tmppiggy.gz Stmppiggy.lnk; \

objcopy -0 binary —-R .note —-R .comment -S /usr/src/linux-2.4.20/vmlinux $tmppigg
vi \

gzip -f -9 < S$tmppiggy > S$tmppiggy.gz; \

echo "SECTIONS { .data: { input_len = .; LONG (input_data_end - input_data) inpu
t_data = .; *(.data) input_data_end = .; }}" > S$tmppiggy.lnk; \

1d -m elf_i386 -r -o piggy.o —-b binary S$tmppiggy.gz -b el1f32-1386 -T Stmppiggy.l
nk; \

rm —-f S$tmppiggy $tmppiggy.gz S$tmppiggy.lnk

gcc —-D__ASSEMBLY_ _ -D__KERNEL__ -I/usr/src/linux—-2.4.20/include -traditional -c
head.S
gcc -D__KERNEL__ -I/usr/src/linux-2.4.20/include -Wall -Wstrict-prototypes -Wno-—

trigraphs -02 —-fno-strict-aliasing —-fno-common -fomit-frame-pointer -pipe -mpref
erred-stack-boundary=2 -march=i1686 -DKBUILD_BASENAME=misc -c misc.c
1d —m elf 1386 —-Ttext 0x100000 -e startup_32 -o bvmlinux head.o misc.o piggy.o
make[2]: Leaving directory ‘/usr/src/linux-2.4.20/arch/i386/boot/compressed’
gcc -Wall -Wstrict-prototypes -02 -fomit-frame-pointer -o tools/build tools/buil
d.c -I/usr/src/linux-2.4.20/include
objcopy -0 binary —-R .note —-R .comment -S compressed/bvmlinux compressed/bvmlinu
x.out
tools/build -b bbootsect bsetup compressed/bvmlinux.out CURRENT > bzImage
Root device is (3, 67)
Boot sector 512 bytes.
Setup is 4780 bytes.
System is 852 kB
make[l]: Leaving directory ‘/usr/src/linux-2.4.20/arch/i1i386/boot’
[root@localhost linux]# make modules modules_install
/* ... Bazi ¢iktilar atlandi */
cd /lib/modules/2.4.20; \
mkdir -p pcmcia; \
find kernel -path ’*/pcmcia/*’ -name ’'*.0o’ | xargs -i -r 1ln -sf ../{} pcmcia
if [ -r System.map ]; then /sbin/depmod —-ae -F System.map 2.4.20; fi
[root@localhost linux]# cp arch/i386/boot/bzImage /boot/vmlinuz-2.4.20
[root@localhost linux]# cp vmlinux /boot/vmlinux-2.4.20
[root@localhost linux]# cp System.map /boot/System.map-2.4.20
[root@localhost linux]# cp .config /boot/config-2.4.20
[root@localhost linux]# mkinitrd /boot/initrd-2.4.20.img 2.4.20
[root@localhost linux]# vi /boot/grub/grub.conf
/* Asagidaki satirlart grub.conf dosyasina ekleyin:
title Linux (2.4.20)
kernel /vmlinuz—2.4.20 ro root=LABEL=/

initrd /initrd-2.4.20.img */

Daha fazla ayrinti icin [Kernelnewbies FAQ: How do I compile a kernell223 ve [Kernel Rebulld Procedurel?2d

belgelerine bagvurunuz.

Cekirdegi [Debian® (izerinde kurmak icin ayrica [Debian Installation Manual: Compiling a New Kerd

RelE2?, [The Debian GNU/Linux FAQ: Debian and the kernel?%2 ve [Debian Reference: The Linux kerd
el under Deb@an®™® belgelerine basvurunuz. Eder bir sorunla karsilasirsaniz  "zless
/usr/share/doc/kernel-package/Problems.gz" dosyasina bakiniz.

Dahili llintileme Betigi

-T (-—script=) se¢enedi olmadan, hedefleri ilintilemek i¢in 1d bu yerlesik betidi kullanacaktir:
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[root@localhost linux]# 1ld —--verbose
GNU 1d version 2.13.90.0.18 20030206
Desteklenen oykinimler:
elf 1386
i3861linux
i¢ ilintileme betigi kullaniliyor:

/* -z combreloc igin betik: yeniden yerlestirme (reloc) bolimlerini
* birlestirir ve siralar */
OUTPUT_FORMAT ("elf32-i386", "elf32-i386",
"elf32-1386")
OUTPUT_ARCH (1386)
ENTRY (_start)
SEARCH_DIR("/usr/i386-redhat-1linux/1ib"); SEARCH_DIR("/usr/lib"); SEARCH_DIR("/u
sr/local/lib"); SEARCH_DIR("/1lib");
/* "elf" ic¢in bunlardan herhangi birine ihtiyacimiz var mi?
__DYNAMIC = 0; 2y
SECTIONS
{
/* Salt okunur bdlimler, metin bdlitl lizerinde birlestirilmis:*/
= 0x08048000 + SIZEOF_HEADERS;

.interp { *(.interp) }
.hash { *(.hash) }
.dynsym { *(.dynsym) }
.dynstr : { *(.dynstr) }
.gnu.version { *(.gnu.version) }
.gnu.version_d { *(.gnu.version_d) }
.gnu.version_r { *(.gnu.version_r) }
.rel.dyn
{
*(.rel.init)
*(.rel.text .rel.text.* .rel.gnu.linkonce.t.¥*)
*(.rel.fini)
*(.rel.rodata .rel.rodata.* .rel.gnu.linkonce.r.*)
*(.rel.data .rel.data.* .rel.gnu.linkonce.d.*)
*(.rel.tdata .rel.tdata.* .rel.gnu.linkonce.td.?*)
*(.rel.tbss .rel.tbss.* .rel.gnu.linkonce.tb.*)
*(.rel.ctors)
*(.rel.dtors)
*(.rel.got)
*(.rel.bss .rel.bss.* .rel.gnu.linkonce.b.¥*)

}

.rela.dyn
{

*(.rela.init)
*(.rela.text .rela.text.* .rela.gnu.linkonce.t.¥*)
*(.rela.fini)
*(.rela.rodata .rela.rodata.* .rela.gnu.linkonce.r.¥*)
*(.rela.data .rela.data.* .rela.gnu.linkonce.d.¥*)
*(.rela.tdata .rela.tdata.* .rela.gnu.linkonce.td.¥*)
*(.rela.tbss .rela.tbss.* .rela.gnu.linkonce.tb.*)
*(.rela.ctors)
*(.rela.dtors)
*(.rela.got)
*(.rela.bss .rela.bss.* .rela.gnu.linkonce.b.*)

}
.rel.plt : { *(.rel.plt) 1}
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.rela.plt : { *(.rela.plt) 1}

.init :

{
KEEP (*(.init))

} =0x90909090

.plt : { *(.plt) }

.text 8

{
*(.text .stub .text.* .gnu.linkonce.t.*)
/* .gnu.warning bdlimleri 6zellikle elf32.em. tarafindan yoénetilir */
*(.gnu.warning)

} =0x90909090

.fini

{
KEEP (*(.fini))

} =0x90909090

PROVIDE (__etext = .);

PROVIDE (_etext = .);

PROVIDE (etext = .);

.rodata : { *(.rodata .rodata.* .gnu.linkonce.r.*) }
.rodatal : { *(.rodatal) }

.eh_frame_hdr: { *(.eh_frame_hdr) }

.eh_frame : ONLY_IF_RO { KEEP (*(.eh_frame)) }
.gcc_except_table : ONLY_TF_RO { *(.gcc_except_table) }

/* Veri bolutl icin adresi ayarla. Bir sonraki sayfa yukarida sayfadaki

ayni adrese kadar ayarlamak istiyoruz. */
= ALIGN (0x1000) - ((0x1000 - .) & (0x1000 - 1)); . = DATA_SEGMENT_ALIGN
(0x1000, 0x1000);

/* asadidaki *_array_* boluminli desteklemeyen araclarin (tools)
geriye donik uyumlulugu ig¢in, glibc’mizin crt dosyalari basvurduklari
sembollerin zayif tanimlamalarini icerir. Kesinlikle zorunlu
olmadikca onlari kullanmak istemiyoruz, c¢linkl bize bos bolimler
getirirler; asagidaki PROVIDE’dan fakli olarak.

Bu ylizden crt dosyalarindan olan bdliimleri g¢ikartiriz. */

/DISCARD/ : {

*/crti.o(.init_array .fini_array .preinit_array)
*/crtn.o(.init_array .fini_array .preinit_array)

}

/* __preinit_array_start etiketinin uygun bir gekilde hizalandidindan emin
olun. Bunun yerine etiket tanimlamasini bdlimiin i¢ine tasiyabilirdik fakat
badlayici ozaman bos olsa bile bdlimli olusturacakti ki bu iyi dedildir. */

= ALIGN (32 / 8);

PROVIDE (__preinit_array_start = .);
.preinit_array : { *(.preinit_array) }
PROVIDE (__preinit_array_end = .);
PROVIDE (__init_array_start = .);
.init_array : { *(.init_array) }
PROVIDE (__init_array_end = .);

PROVIDE (__fini_array_start = .);
.fini_array : { *(.fini_array) }
PROVIDE (__fini_array_end = .);

.data :

{

*(.data .data.* .gnu.linkonce.d.*)
SORT (CONSTRUCTORS)

}
.datal : { *(.datal) }
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.tdata : { *(.tdata .tdata.* .gnu.linkonce.td.*) }

.tbss : { *(.tbss .tbss.* .gnu.linkonce.tb.*) *(.tcommon)
.eh_frame : ONLY_TIF_RW { KEEP (*(.eh_frame)) }
.gcc_except_table : ONLY_TF_RW { *(.gcc_except_table) }

.dynamic : { *(.dynamic) }

.Ctors g

/* yapicilarin baslangicini bulmak ig¢in gcc crtbegin.o’yu
kullanir, bdylece biz bunun ilk oldudunu anlariz.
Bu bir joker karakter (wildcard) oldugundan, kullanicinin
crtbegin.o’ya karsi ilintilememesinin bir Onemi yoktur.
baglayici bir joker karakteri eslestirmek ic¢in bir dosya
aramayacaktir. Joker karakter ayrica crtbegin.o’nun hangi
dizinde bulundudunun 6nemli olmadidi anlamina gelir. */

KEEP (*crtbegin.o(.ctors))

/* yapicilarin (ctors) siralanmasinin bitisine kadar,
crtend.o dosyasindan .ctor bolimiini dahil etmek istemiyoruz.
crtend dosyasindaki .ctor bolimil yapicilarin sonu isaretini
(end of ctors marker ) igerir ve bu sonuncu olmalidir. */

KEEP (* (EXCLUDE_FILE (*crtend.o ) .ctors))

KEEP (* (SORT (.ctors.*)))

KEEP (* (.ctors))

}

hizala. */
= ALIGN (32 / 8);

= ALIGN (32 / 8);

_end = .;
PROVIDE (end = .);

= DATA_SEGMENT_END (.);
/* Stabs hata ayiklama bélimleri. */
.stab 0: *(.stab) }
.stabstr .stabstr) }

.stab.excl

0

0: .stab.excl) }
.stab.exclstr O0:

0

0

(

(

(.stab.exclstr) 1}
.stab.index (
.stab.indexstr (

.stab.index) }
.stab.indexstr) }

{
{
{
{
{
{

* % o % X

}

.dtors
{
KEEP (*crtbegin.o(.dtors))
KEEP (* (EXCLUDE_FILE (*crtend.o ) .dtors))
KEEP (* (SORT (.dtors.*)))
KEEP (*(.dtors))
}
.jcr : { KEEP (*(.jcr)) }
.got : { *(.got.plt) *(.got) }
_edata = .;
PROVIDE (edata = .);
__bss_start = .;
.bss
{
* (.dynbss)
*(.bss .bss.* .gnu.linkonce.b.*)
* (COMMON)
/* .bss bdltimlerinin _end’e kadar olan bosluklari kullandiindan emin olmak

i¢in buraya hizala. Herhangi bir girdi olmadidindan dolayi .bss bdlimleri
gbriinmese bile hizalamanin dodru oldudundan emin olmak ic¢in .bss’den sonra
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.comment 0: { *(.comment) }
/* DWARF hata ayiklama bdélumleri.
DWARF hata ayiklama bdlimlerindeki semboller

/* DWARF 1 */

.debug 0: { *(.debug) }

.line 0: { *(.1line) }

/* GNU DWARF 1 eklentileri (extensions) */
.debug_srcinfo 0: { *(.debug_srcinfo) }
.debug_sfnames 0: { *(.debug_sfnames) }
/* DWARF 1.1 and DWARF 2 */

.debug_aranges 0: { *(.debug_aranges) }
.debug_pubnames 0: { *(.debug_pubnames) }
/* DWARF 2 */

.debug_info 0: { *(.debug_info .gnu.linkonce.wi.*)
.debug_abbrev 0: { *(.debug_abbrev) }

.debug_line 0: { *(.debug_line) }

.debug_frame 0: { *(.debug_frame) }

.debug_str 0: { *(.debug_str) }

.debug_loc 0: { *(.debug_loc) }

.debug_macinfo 0: { *(.debug_macinfo) }

/* SGI/MIPS DWARF 2 eklentileri */
.debug_weaknames 0 { *(.debug_weaknames) }
.debug_funcnames 0: { *(.debug_funcnames) }
.debug_typenames 0: { *(.debug_typenames) }
.debug_varnames 0 { *(.debug_varnames) }

[root@localhost linux]#

b6limin basina badildir, bu yizden onlari 0’dan baslatiriz.*/

}

C. GRUB ve LILO

Hem [GNU GRUBIE hem de [LILOBA gercek kipli gekirdek baslik bigimini tanir ve bootsect’i (tek sektor),
kurulum kodunu (setup_sects sektbrleri) ve sikistiriimig ¢ekirdek imgesini (syssize*16 bayt) bellege yik-
ler. Onlar yikleyici belirletecini (t ype_of_loader) doldurur ve ¢cekirdege uygun parametreleri ve segenekleri

aktarmaya calisir. islerini bitirdikten sonra denetim kurulum koduna geger.

C.1. GNU GRUB
Asagidaki GNU GRUB program taslagi grub—0.93 tabanlidir.

stage2/stage2.c:cmain ()
‘—— run_menu ()

\

—-— run_script();

I~

* doldurulur */

|-— builtin find_command (heap) ;
| -—— kernel_func(); // "kernel" komutu icin builtin->func ()
| ‘—-— load_image () ; // boot.c igcinde BOOTSEC_SIGNATURE’1 ara

| /* 0x100000’dan baslayan bellek (bvmlinux, bbootsect,
| * veya (vmlinux, bootsect, setup) sirasinda onlar tarafindan

|—— initrd_func(); // "initrd" komutu icgin
| ‘—— load_initrd();
‘—— boot_func(); // ortik "boot" komutu icin
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‘—— linux_boot (); // stage2/asm.S ig¢cinde tanimli
or big_linux_boot(); // grub/asmstub.c! i¢inde dedil

// stage2/asm.S iginde
linux_boot:
/* cekirdedi kopyala */
sistem kodunu 0x100000 adresinden 0x10000 adresine
tasi (linux_text_len bytes);
big_linux_boot:
/* gergek kip kismini kopyala */
EBX = linux_data_real_addr;
kurulum kodunu linux_data_tmp_addr (0x100000+text_len) adresinden
linux_data_real_addr (0x9100 bytes) adresine tasi;
/* %$ebx dederini bdlit adresi olarak deJistir*/
linux_setup_seg = (EBX >> 4) + 0x20;
/* XXX cadiran islevler ig¢in guvenli alandaki yeni yidit godstericisi
ESP = 0x4000;
stop_£floppy () ;
/* linux Onylklemesi ig¢in son ayarlama */
prot_to_real();
@dlal g
SS:ESP = BX:9000;
DS = ES = FS = GS = BX;
/* baslangica sigra, Orn. ljmp linux_setup_seg:0
* Dikkat ederseniz linux_setup_seg BX olarak dedistirildi. */
.byte Oxea

.word 0
linux_setup_seg:
.word 0

GRUB kilavuzu i¢in info grub’a bakin.

grub—0.93'ti uyarliyorsaniz ve bset up’da degisiklik yapacaksaniz[oildiriimis iek GNU GRUB hatas|29 dikkate
alinmahdir.

C.2. LILO

GRUBdan farkh olarak, LILO sistemi dnyiklerken yapilandirma dosyasini kontrol etmez. 1ilo ugbirimden
¢agirildiginda bazi trikler ortaya ¢ikar.

Asagidaki LILO program anahatlari lilo—22.5.8 tabanlidir.

lilo.c:main ()

| -— cfg_open(config_file);

| -— cfg_parse(cf_options);

| -—— bsect_open (boot_dev, map_file, install, delay, timeout);

| | —— open_bsect (boot_dev);

| ‘-— map_create (map_file);

| -—— cfg_parse(cf_top)

| ‘—— cfg_do_set();

| ‘—— do_image () ; // "image=" boluml i¢in walk->action
| | -—— cfg_parse(cf_image) —-> cfg_do_set();

| | -—— bsect_common (&descr, 1);

| | | -— map_begin_section();

| \ | —— map_add_sector (fallback_buf);

| | ‘-— map_add_sector (options);

| | -—— boot_image (name, &descr) veya boot_device (name, range, &descr);
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\ |-— int fd = geo_open(&descr, name, O_RDONLY);
\ | read (fd, &buff, SECTOR_SIZE);
\ | map_add (&geo, 0, image_sectors);
\ | map_end_section (&descr->start, setup_sects+2+1);
\ | /* bsect_common ()i¢inde iki sektdr yaratilda,
\ | * bootsect ig¢in ise baska bir sektdr*/
| | geo_close (&geo) ;
| ‘-— fd = geo_open (&descr, initrd, O_RDONLY) ;
| map_begin_section () ;
| map_add (&geo, 0, initrd_sectors);
| map_end_section (&descr->initrd, 0);
\ geo_close (&geo) ;
‘-— bsect_done (name, &descr);
—— bsect_update (backup_file, force_backup, 0); // onylikleme sektdrini gilincelle
| —— make_backup() ;
| —— map_begin_section();
| map_add_sector (table);
| map_write (&param2, keytab, 0, 0);
| map_close (&param2, here2);
|-—— // ... dnylkleme sektdriniin yeniden yerlestirilmesini yap
|-— // ... bsect_wr’yi doJru yere ayarla
|-— write (fd, bsect_wr, SECTOR_SIZE);
‘—— close (fd) ;

map_register () tim kayith sektdrleri tanimlamakta kullanilan (CX, DX, AL) Gglash (veri yapisi
SECTOR_ADDR) igin bir liste tutarken map_add (), map_add_sector () ve map_add_zero () iglerini
tamamlamak igin map_register ()’ gagirabilir.

LILO sistemi ylklemek icin first.S ve second. S’yi ¢alistirir. Eglem (map) dosyasini, bootsect ve kuru-
lum kodunu yuklemek igin second.S:doboot () ydntemini ¢agirir. Sonra, sistem kodunu yUklemek igin
1file () ybntemini caginr, launch2 () —-> launch() -> cl_wait () -> start_setup() ->
start_setup2 () ydntemini ¢agirir ve son olarak ayar kodunu ¢alistirmak i¢in jmpi 0, SETUPSEG ko-
mutunu ¢alistirir.

LILO’nun ayrintilari igin "man 1ilo"ve "'man lilo.conf"a bakiniz.

C.3. Kaynakca

[GNUGRUBEA
[GRUB Tuforal=23
[CTCO (freshmeat.ne)Jl=494
— . Boot Loaders an ooting the

SSS

Hendlz yok.

GNU Free Documentation License

Version 1.2, November 2002

Copyright © 2000,2001,2002 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307, USA
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Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

1. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document freein
the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with or without
modifying it, either commercially or noncommercially. Secondarily, this License preserves for the author
and publisher a way to get credit for their work, while not being considered responsible for modifications
made by others.

This License is a kind of "copyleft”, which means that derivative works of the document must themselves
be free in the same sense. It complements the GNU General Public License, which is a copyleft license
designed for free software.

We have designed this License in order to use it for manuals for free software, because free software
needs free documentation: a free program should come with manuals providing the same freedoms that
the software does. But this License is not limited to software manuals; it can be used for any textual work,
regardless of subject matter or whether it is published as a printed book. We recommend this License
principally for works whose purpose is instruction or reference.

2. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world—
wide, royalty—free license, unlimited in duration, to use that work under the conditions stated herein. The
"Document”, below, refers to any such manual or work. Any member of the public is a licensee, and is
addressed as "you". You accept the license if you copy, modify or distribute the work in a way requiring
permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either
copied verbatim, or with modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front—-matter section of the Document that deals exclu-
sively with the relationship of the publishers or authors of the Document to the Document’s overall subject
(or to related matters) and contains nothing that could fall directly within that overall subject. (Thus, if the
Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.)
The relationship could be a matter of historical connection with the subject or with related matters, or of
legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of
Invariant Sections, in the notice that says that the Document is released under this License. If a section
does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The
Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections
then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front—Cover Texts or Back—Cover
Texts, in the notice that says that the Document is released under this License. A Front—Cover Text may
be at most 5 words, and a Back—Cover Text may be at most 25 words.

A "Transparent” copy of the Document means a machine—readable copy, represented in a format whose
specification is available to the general public, that is suitable for revising the document straightforwardly
with generic text editors or (for images composed of pixels) generic paint programs or (for drawings) some
widely available drawing editor, and that is suitable for input to text formatters or for automatic translation
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to a variety of formats suitable for input to text formatters. A copy made in an otherwise Transparent file
format whose markup, or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent if used for any substantial
amount of text. A copy that is not "Transparent” is called "Opaque".

Examples of suitable formats for Transparent copies include plain ascii without markup, Texinfo input
format, LaTeX input format, SGML or XML using a publicly available DTD, and standard—conforming simple
HTML, PostScript or PDF designed for human modification. Examples of transparentimage formats include
PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by
proprietary word processors, SGML or XML for which the DTD and/or processing tools are not generally
available, and the machine—generated HTML, PostScript or PDF produced by some word processors for
output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed
to hold, legibly, the material this License requires to appear in the title page. For works in formats which
do not have any title page as such, "Title Page" means the text near the most prominent appearance of
the work’s title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or
contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands for
a specific section name mentioned below, such as "Acknowledgements"”, "Dedications”, "Endorsements”,
or "History".) To "Preserve the Title" of such a section when you modify the Document means that it
remains a section "Entitled XYZ" according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies
to the Document. These Warranty Disclaimers are considered to be included by reference in this License,
but only as regards disclaiming warranties: any other implication that these Warranty Disclaimers may
have is void and has no effect on the meaning of this License.

3. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially,
provided that this License, the copyright notices, and the license notice saying this License applies to the
Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading or further copying of the
copies you make or distribute. However, you may accept compensation in exchange for copies. If you
distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

4. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document,
numbering more than 100, and the Document’s license notice requires Cover Texts, you must enclose
the copies in covers that carry, clearly and legibly, all these Cover Texts: Front—Cover Texts on the front
cover, and Back—Cover Texts on the back cover. Both covers must also clearly and legibly identify you as
the publisher of these copies. The front cover must present the full title with all words of the title equally
prominent and visible. You may add other material on the covers in addition. Copying with changes limited
to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be
treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as
many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.
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If you publish or distribute Opaque copies of the Document numbering more than 100, you must either
include a machine—readable Transparent copy along with each Opaque copy, or state in or with each
Opaque copy a computer—network location from which the general network—using public has access to
download using public—standard network protocols a complete Transparent copy of the Document, free
of added material. If you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus accessible
at the stated location until at least one year after the last time you distribute an Opaque copy (directly or
through your agents or retailers) of that edition to the public.

Itis requested, but not required, that you contact the authors of the Document well before redistributing any
large number of copies, to give them a chance to provide you with an updated version of the Document.

5. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and
3 above, provided that you release the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution and modification of the Modified Version
to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from
those of previous versions (which should, if there were any, be listed in the History section of the
Document). You may use the same title as a previous version if the original publisher of that version
gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of
the modifications in the Modified Version, together with at least five of the principal authors of the
Document (all of its principal authors, if it has fewer than five), unless they release you from this
requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.
E. Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.

F. Include, immediately after the copyright notices, a license notice giving the public permission to use
the Modified Version under the terms of this License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in
the Document’s license notice.

H. Include an unaltered copy of this License.

|. Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the
title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there is no
section Entitled "History” in the Document, create one stating the title, year, authors, and publisher
of the Document as given on its Title Page, then add an item describing the Modified Version as
stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for public access to a Transparent copy
of the Document, and likewise the network locations given in the Document for previous versions it
was based on. These may be placed in the "History" section. You may omit a network location for a
work that was published at least four years before the Document itself, or if the original publisher of
the version it refers to gives permission.
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K. For any section Entitled "Acknowledgements" or "Dedications”, Preserve the Title of the section,
and preserve in the section all the substance and tone of each of the contributor acknowledgements
and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section
numbers or the equivalent are not considered part of the section titles.

M. Delete any section Entitled "Endorsements”. Such a section may not be included in the Modified
Version.

N. Do notretitle any existing section to be Entitled "Endorsements” or to conflict in title with any Invariant
Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front—matter sections or appendices that qualify as Secondary Sec-
tions and contain no material copied from the Document, you may at your option designate some or all
of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified
Version’s license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements”, provided it contains nothing but endorsements of your
Modified Version by various parties—-for example, statements of peer review or that the text has been
approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front—Cover Text, and a passage of up to 25 words as
a Back—Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of
Front—Cover Text and one of Back—Cover Text may be added by (or through arrangements made by) any
one entity. If the Document already includes a cover text for the same cover, previously added by you or
by arrangement made by the same entity you are acting on behalf of, you may not add another; but you
may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names
for publicity for or to assert or imply endorsement of any Modified Version.

6. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms
defined in section 4 above for modified versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections
may be replaced with a single copy. If there are multiple Invariant Sections with the same name but different
contents, make the title of each such section unique by adding at the end of it, in parentheses, the name
of the original author or publisher of that section if known, or else a unique number. Make the same
adjustment to the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents,
forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements”, and
any sections Entitled "Dedications”. You must delete all sections Entitled "Endorsements."

7. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License,
and replace the individual copies of this License in the various documents with a single copy that is
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included in the collection, provided that you follow the rules of this License for verbatim copying of each
of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License,
provided you insert a copy of this License into the extracted document, and follow this License in all other
respects regarding verbatim copying of that document.

8. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works,
in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright resulting from
the compilation is not used to limit the legal rights of the compilation’s users beyond what the individual
works permit. When the Document is included an aggregate, this License does not apply to the other
works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the
Document is less than one half of the entire aggregate, the Document’s Cover Texts may be placed
on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the
Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole
aggregate.

9. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under
the terms of section 4. Replacing Invariant Sections with translations requires special permission from
their copyright holders, but you may include translations of some or all Invariant Sections in addition to
the original versions of these Invariant Sections. You may include a translation of this License, and all the
license notices in the Document, and any Warranty Disclaimers, provided that you also include the original
English version of this License and the original versions of those notices and disclaimers. In case of a
disagreement between the translation and the original version of this License or a notice or disclaimer,
the original version will prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement
(section 4) to Preserve its Title (section 1) will typically require changing the actual title.

10. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under
this License. Any other attempt to copy, modify, sublicense or distribute the Document is void, and will
automatically terminate your rights under this License. However, parties who have received copies, or
rights, from you under this License will not have their licenses terminated so long as such parties remain
in full compliance.

11. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License
from time to time. Such new versions will be similar in spirit to the present version, but may differ in detail
to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a
particular numbered version of this License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does not specify a version
number of this License, you may choose any version ever published (not as a draft) by the Free Software
Foundation.
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ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and put the
following copyright and license notices just after the title page:

Copyright (C) year your name.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front—Cover Texts, and no Back—Cover Texts.
A copy of the license is included in the section entitled “GNU

Free Documentation License”.

If you have Invariant Sections, Front—Cover Texts and Back—Cover Texts, replace the "with...Texts." line with this:

with the Invariant Sections being list their titles, with
the Front—Cover Texts being [list, and with the Back—Cover Texts
being list.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two
alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these examples in
parallel under your choice of free software license, such as the GNU General Public License, to permit their use
in free software.

Notlar

Belge i¢inde dipnotlar ve disg baglantilar varsa, bunlarla ilgili bilgiler bulunduklari sayfanin sonunda dipnot olarak
verilmeyip, hepsi toplu olarak burada listelenmis olacaktir.

E3 [http://sf.linuxforum.net/projects/1386bd|

[http://www.geoclties.com/felyunw/linux/|
125 lhttp://members.comu.edu.tr/nyucell
&3 [http://lxr.linux.no/source?v=2.4.20|
&2 [http://vim.sourceforge.net]|

155] [http://www.gnu.org/software/binutils/manual/l1d—«2.9.1/html_chapter/1d_|
2. html#SEC3

E3 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_ chapter/1d_|
3. htmlIFSECIT

&0 [http://www.gnu.org/software/binutils/manual/ld=«2.9.1/html chapter/1d |
3. html#SECI10]

(&1 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_chapter/1d_|
[3.html#SEC21]

13 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_ chapter/1d |
htmlfSECI4
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http://www.gnu.org/software/binutils/manual/ld-2.9.1/html_chapter/ld_3.html#SEC14
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13 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_ chapter/1d |
[3.html#SFEC26

[http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_ chapter/1d_|
3. htmT#SECI8

E13 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_ chapter/1d |
[3.html#SEC21]

@ 2Image mahlasi: sikistiriimis;

@ ¢ makefile’lar okumadan dnce dizin degistirmek igin kullanilan bir make komut satiri secenegidir.
Bakiniz [GNU make: Summary of Options| (http://www.gnu.org/software/make/manual/]
RtmI chapter/make 9.htmI#SECI02) velGNU make: Recursive Use of makel (hEtp: //www.]
lgnu.org/software/make/manual/html chapter/make 5.html#SECS58).

13 [http://www.gnu.org/software/binutils/manual/html_ chapter/binutils 3.
himIl

(£ "$@" hedef anlamindadir, "$<" ilk dngereksinim anlamindadir; Bakiniz [GNU make: Automatic Varid
@blesl(http://www.gnu.org/software/make/manual /html chapter/make 10.htmlf]
[SECTTT);

@ _ _oformat binary calistinlabilirin bellek dokiimiine esdeder bir ham ikilik ikt arar; Bakiniz
[ing LD, the GNU linker: Command Line Options|(http://www.gnu.org/software/binutils/|
[manual/ld-=«2.9.1/html chapter/1d 2.html#SEC3).

B Hedef vmlinux burada 1inux/Makefile icinde tanimlanana gére degigsiktir;

@ rsubst" bir MAKE islevidir; Bakiniz [GNU make: Functions for String Substitution and Analysis| (http:]
[//www.gnu.org/software/make/manual/html_chapter/make 8.html#SEC8D5).

23 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/html_chapter/1d_|
3. htmT#SEC20

BB hrttp://t1ldp.org/BOWT0/Rerne l—<HOWTO/]

2 Mttp://www.gnu.org/software/make/manual

E23 [http://www.gnu.org/software/binutils/manual/1d-«2.9.1/]

523 http://www.gnu.org/software/binutils/manual/]

23 Mttp://www.gnu.org/software/bash/manual

B [http://www.ctyme.com/intr/rb—«2445 . htmn

B30 [http://developer.intel.com/design/pentium4/manuals

B33

[http://www.ctyme.com/intr/rb—«0607.htm
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http://www.gnu.org/software/binutils/manual/ld-2.9.1/html_chapter/ld_3.html#SEC20
http://tldp.org/HOWTO/Kernel-HOWTO/
http://www.gnu.org/software/make/manual/
http://www.gnu.org/software/binutils/manual/ld-2.9.1/
http://www.gnu.org/software/binutils/manual/
http://www.gnu.org/software/bash/manual/
http://www.ctyme.com/intr/rb-2445.htm
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(533 [http://www.ctyme.com/intr/rb-«0088.htm

B3 [http://www.ctyme.com/intr/rb—«0210.htm

33 [http://www.ctyme.com/intr/rb-«0210.htm

[http://www.ctyme.com/intr/rb-«0605.htm

[http://www.ctyme.com/intr/rb-«0106.htm

{1222 [http://www.ctyme.com/intr/rb—«0607.htm

[http://www.ctyme.com/intr/rb—«0605.htm

&3 [http://www.ctyme.com/intr/rb—«1527.htm

[http://www.ctyme.com/intr/rb—«0605.htm

&3 [http://developer.intel.com/design/pentium4/manuals/|

[http://www.cs.cmu.edu/~ralf/files.html]

B2} http://www.gnu.org/software/grub)

B2 [http://freshmeat.net/projects/1ilo|

Ez3 lhttp://ftp.us.xemacs.org/ftp/pub/linux/suse/suse/1386/7.3/dosut11ls/|
[bootlin/technic.dod]

5o Rttp://www.ctyme.com/intr/rb-«0639.htn]

B3 [http://www.ctyme.com/intr/rb—«0605.htm

[http://www.acpi.infq|

[http://www.ctyme.com/intr/rb—«1741.htmn

58 hMttp://www.ctyme.com/intr/rb—«17/39.htn]

E23 [http://www.ctyme.com/intr/rb—«1529.htmnl

6 Mttp://www.ctyme.com/intr/rb-«1757.htn]
[http://www.ctyme.com/intr/rb-«6135.htm

[http://www.ctyme.com/intr/rb—«6184.htm

23 [http://www.ctyme.com/intr/rb-«0639.htm

56 Mttp://www.ctyme.com/intr/rb-«1594.htm

[http://www.ctyme.com/intr/rb—«0575.htm

(53 [http://www.ctyme.com/intr/rb—«1394.htmnl

[http://www.ctyme.com/intr/rb—«1398.htm|
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lhttp://www.ctyme.com/intr/rb—«1397.htm|

(553 [http://www.ctyme.com/intr/rb-«1397.htm

ED [http://www.ctyme.com/intr/rb—«1394.htmnl

B Mttp://www.ctyme.com/intr/rb—«1398.htn

23 http://www.ctyme.com/intr/rb—«1398.ntm]
[http://www.win.tue.nl/~aeb/linux/kbd/A20.html|

&7 [http://www.ctyme.com/intr/rb—«1336.htmn
[http://www.ctyme.com/intr/rb—«2273.htn]
[http://www.win.tue.nl/~aeb/linux/kbd/A20.html|

B23 [http://www.student .cs.uwaterloo.ca/~cs452/postscript/book.psg|
[http://developer.intel.com/design/pentium4/manuals/|
(283

lhttp://www.gnu.org/software/binutils/manual/gas—«2.9.1/html chapter/|
las _1o6.html#SEC209]

lhttp://www.xml.com/ldd/chapter/book/chl3.html#t1]

B

[http://www.gnu.org/software/binutils/manual/gas—«2.9.1/html_chapter/|
las_5.html#SEC48|

lhttp://www.gnu.orqg/software/binutils/manual/ld—«2.9.1/html chapter/1d |
2.html#SEC3|

[http://gcc.gnu.org/onlinedocs/gcc—«3.3.2/gcc/Function—«Attributes.html#|
[Function%$20Attributes|

E2 lhttp://kernelnewbies.org/fag/index.php3#asmlinkage|

lhttp://www.ietf.org/rfc/rfcl952.txt|

B

ID2 degeri gzip 0.5 icin 158 (0x9e, \236) olabilir;

=]

XFL degeri 4 oldugunda ise sikistirici en hizli algoritmayi kullanacaktir.

FLG biti 0 oldugunda FTEXT, herhangi bir ek alan belirtmez.

@
lhttp://www.gzip.ord|

[http://www.letf.orqg/rfc/rfcl951. txt]

(B2 [http://www.gnu.org/software/binutils/manual/gas—«2.9.1/|

[http://www.gnu.orqg/software/binutils/manual/ld—«2.9.1/|
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B

[http://developer.intel.com/design/pentiumé4/manuals/|
[http://www.gzip.ord|
(E107 http://freshmeat .net/projects/gzip|
[http://www.ietf.org/rfc/rfcl951.txt|
{12810k [http://www.ietf.org/rfc/rfcl952.txt]
[http://www.intel.com/design/pentium/datashts/242016.htm|
[http://www.gnu.org/software/binutils/manual/gas—«2.9.1/html_chapter/|

las 7.html#SEC/0]
B [http://developer.intel.com/design/pentium4/manuals/|
(B [http://www.intel.com/design/pentium/datashts/242016.htm|
B3 [http://www.gnu.org/software/binutils/manual/gas—«2.9.1/]
[http://www.gnu.org/software/binutils/manual/|
(B3 [http://kernelnewbies.org/fag/index.php3#asmlinkage]
{158 E:) [http://www.tldp.org/LDP/1ki/lki—«l.html#ssl.g|
B3 [http://www.symonds.net/~abhi/files/mm/mm.html]
{I-58E:) [http://linux—«mm.org/docs/initialization.html]
B [http://www.tldp.org/HOWTO/BootPrompt—«HOWTO.html]
lhttp://www.tldp.org/HOWTO/BogoMips.html]
[http://freshmeat.net/projects/sysvinit]
B2 Mttp://www.tldp.org/LDP/1k1/index.html]
B129 http://kKernelnewbies.orqg/documents/]
B123 Mttp://www.tldp.org/HOWIO/HOWIO—«INDEX/index.ntml]
B120 Mttp://www.xml.com/1ldd/chapter/booK]
[http://www.1intel.com/design/pentium/datashts/242016.htm|
B2 Mttp://www.intel.com/design/pentium/datashts/242016.h0tn)]
(133 lhttp://developer.intel.com/design/pentiumé4,/manuals/|
Eiz3 [http://www.tldp.org/LDP/1ki/1lki—«l.html#ssl.|
Rttp://www.tldp.org/HOWTO/SMP—<HOWTO. htm]]
[http://www.acpi.infq|
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http://www.symonds.net/~abhi/files/mm/mm.html
http://linux-mm.org/docs/initialization.html
http://www.tldp.org/HOWTO/BootPrompt-HOWTO.html
http://www.tldp.org/HOWTO/BogoMips.html
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Linux i386 Onyiikleme Kodu NASIL

(B33 Ihttp://www.redhat.com|

[http://kernelnewbies.org/fag/index.php3#compilel

[http://www.digitalhermit.com/linux/kernel.html]

lhttp://www.debian.ordq|

B [http://www.debian.org/releases/stable/1386/ch—«post—«install.en.html#|

[s—«<kernel-«baking]

E4d Rttp://www.deblan.org/doc/manuals/debian—«fag/ch-«kernel.en.html]

B3 lhttp://www.debian.org/doc/manuals/reference/ch-«kernel.en.html]

(B113 [http://www.gnu.org/software/grub|

B3 [http://freshmeat.net/projects/1110|

[http://mail.gnu.org/archive/html/bug—«grub/2003-«03/msg00030.html]

(B112 [http://www.gnu.org/software/grub/|

£143 MTtp://www.openbg.net/sto/os/xml/grub.htm]]

B3 ttp://freshmeat.net/projects/ L1110

B120 MEtp://www.tldp.org/HOWIO/HOWIO—«INDEX/OS.ntmlFOSBOOT]
Bu dosya (linux-i386-boot-code-howto.pdf), belgenin XML
biciminin TgXLive ve belgeler-xsl paketlerindeki araclar kul-
lanilarak PDF bicimine doniistiiriilmesiyle elde edilmistir.
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