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S EHel Walge wolx grov] mrh AT dwmEZon ool
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A& AA 71EY gHE2 systemol AAFG (AL H imageE root directoryol EAFgHT)

kernelS upgradeA] 7] A4 L v 2t}

# /usr/src/gzip —dc linux1_0.tgz | tar xvf - /% Kernel sourceE =EC}. =/

# /usr/src/cd linux

# susr/src/linux/make config /% Kernel BtAMAN =/

# susr/src/linux/make dep /% depend file MA] =/

# /usr/src/linux/make zImage /% compile, link =/

# /usr/src/linux/arch/i386/boot/cp zImage / /% imageE root directoryO copy */

o] & LILOZ YAl Ax& o 2H kernel® upgrade’} &who}.
Agdo] AUE A Sl AA systemol AR¥ C libraryd W Ao] vz gkex &9l
Holof gk},

1.5 Makefile

© main Makefile

1) VERSION = 1
PATCHLEVEL = 0O
ALPHA =
2) all: Version zImage

3) .EXPORT_ALL_VARIABLES:

4) CONFIG_SHELL := $(shell if [ —x "$$BASH” 1, then echo $$BASH: \
else if [ —x /bins/bash 1. then echo /bin/bash: \
else echo sh; fi ; fi)

#
# Make "config” the default target if there is no configuration file or
# "depend” the target if there is no top-level dependency information.
#

5) ifeq (.config, $(wildcard .config))
include .config
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6)

7)

ifeq (.depend, $(wildcard .depend))
include .depend

else
CONFIGURATION
endif

depend

else
CONFIGURATION

endif

config

ifdef CONFIGURATION
CONFIGURE = dummy
endif

#

# ROOT_DEV specifies the default root-device when making the image.

# This can be either FLOPPY, CURRENT, /dev/xxxx or empty, in which case
# the default of FLOPPY is used by 'build’.

#

ROOT_DEV = CURRENT

#

# If you want to preset the SVGA mode, uncomment the next line and

# set SVGA_MODE to whatever number you want.

# Set it to -DSVGA_MODE=NORMAL_VGA if you just want the EGA/VGA mode.
# The number is the same as you would ordinarily press at bootup.

#

SVGA_MODE= -DSVGA_MODE=NORMAL_VGA
#

# standard CFLAGS
#

CFLAGS = -Wall -Wstrict-prototypes -02 —-fomit-frame-pointer -pipe
ifdef CONFIG_CPP

CFLAGS := $(CFLAGS) —x c++
endif
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ifdef CONFIG_M486
CFLAGS := $(CFLAGS) -m486
else
CFLAGS := $(CFLAGS) -m386
endif
#
# if you want the ram-disk device, define this to be the
# size in blocks.
#
#RAMDISK = -DRAMDISK=512
8) AS86 =as86 -0 -a

LD86 =1d86 -0

AS =as

LD =1d

HOSTCC =gcc

cc =gcc —-D__KERNEL__
MAKE =make

CPP =$(CC) -E

AR =ar

STRIP  =strip

ARCHIVES =Kernel/Kernel. o mm/mm.o fs/fs.0 net/net.o ipc/ipc.o
FILESYSTEMS =fs/filesystems. a
DRIVERS =drivers/block/block.a \

drivers/char/char.a \
drivers/net/net.a \
ibcs/ibes. 0

LIBS =1ib/1ib.a
SUBDIRS =Kernel drivers mm fs net ipc ibcs lib
KERNELHDRS =/usr/src/linux/include

ifdef CONFIG_SCSI
DRIVERS := $(DRIVERS) drivers/scsi/scsi.a
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endif

ifdef CONFIG_SOUND
DRIVERS := $(DRIVERS) drivers/sound/sound.a
endif

ifdef CONFIG_MATH_EMULATION
DRIVERS := $(DRIVERS) drivers/FPU-emu/math.a

endif
9) .c.s:
$(CC) $(CFLAGS) -S -0 $*.s $<
s.o:
$(AS) —c -0 $*.0 $<
c.0:

$(CC) $(CFLAGS) —c -0 $*.0 $<

Version: dummy
rm —f tools/version.h

10) config:
$(CONFIG_SHELL) Configure $(OPTS) < config. in
@if grep -s '“CONFIG_SOUND' .tmpconfig : then \
$(MAKE) —C drivers/sound config: \
else @ ; fi

mv . tmpconfig .config

linuxsubdirs: dummy
set —e; for i in $(SUBDIRS): do $(MAKE) -C $$i: done

tools/. /version.h: tools/version.h

tools/version.h: $(CONFIGURE) Makefile
@. /makever. sh
@echo \#define UTS_RELEASE \"$(VERSION).$(PATCHLEVEL)$(ALPHA)\" > tools/version.h
@echo \#define UTS_VERSION \"\#'cat .version' ‘date'\” >> tools/version.h
@echo \#define LINUX_COMPILE_TIME \”‘date +%T'\” >> tools/version.h
@echo \#define LINUX_COMPILE_BY \”‘whoami'\” >> tools/version.h
@echo \#define LINUX_COMPILE_HOST \” ‘hostname‘\” >> tools/version.h
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@echo \#define LINUX_COMPILE_DOMAIN \” ‘domainname'\” >> tools/version.h

11)tools/build: tools/build.c $(CONFIGURE)
$(HOSTCC) $(CFLAGS) -0 $@ $<

boot/head.o: $(CONFIGURE) hoot/head.s

boot/head. s: boot/head.S $(CONFIGURE) include/linux/tasks.h
$(CPP) —traditional $< -o $@

tools/version.o: tools/version.c tools/version.h

12)init/main.o: $(CONFIGURE) init/main.c
$(CC) $(CFLAGS) $(PROFILING) -c¢ -0 $*.0 $<

tools/system: boot/head.o init/main.o tools/version.o linuxsubdirs

$(LD) $(LDFLAGS) -Ttext 1000 boot/head.o init/main.o tools/version.o \
$(ARCHIVES) \
$(FILESYSTEMS) \
$(DRIVERS) \
$(LIBS) \
-0 tools/system

nm tools/zSystem | grep —v '\(compiled\)NIN(\.o$$N\ININC a \)" |\
gort > System.map

boot/setup: boot/setup.o
$(LD86) -s -0 $@ $<

boot/setup.0: boot/setup. s
$(AS86) -0 $@ $<

boot/setup. 8: boot/setup.S $(CONFIGURE) include/linux/config.h Makefile
$(CPP) -traditional $(SVGA_MODE) $(RAMDISK) $< -o $@

boot/bootsect: boot/bootsect.o
$(LD86) -s -0 $@ $<

boot/bootsect.o: boot/bootsect. s
$(AS86) -0 $@ $<
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boot/bootsect. s: boot/bootsect.S $(CONFIGURE) include/linux/config.h Makefile
$(CPP) -traditional $(SVGA_MODE) $(RAMDISK) $< -o $@

13) zBoot/zSystem: zBoot/*,c zBoot/*. S tools/zSystem
$(MAKE) -C zBoot

14) zImage: $(CONFIGURE) boot/bootsect boot/setup zBoot/zSystem tools/build
tools/build boot/bootsect boot/setup zBoot/zSystem $(ROOT_DEV) > zImage

sync

zdisk: zImage
dd bs=8192 if=zImage of=/dev/fd0

zlilo: $(CONFIGURE) zImage
if [ -f /vmlinuz 1; then mv /vmlinuz /vmlinuz.old; fi
if [ -f /zSystem.map 1. then mv /zSystem.map /zSystem.old. fi
cat zImage > /vmlinuz
cp zSystem.map /
if [ —x /sbin/lilo 1; then /sbin/lilo; else /etc/lilo/install; fi

15) tools/zSystem: boot/head.o init/main.o tools/version.o linuxsubdirs
$(LD) $(LDFLAGS) —Ttext 100000 boot/head.o init/main.o
tools/version.o \
$(ARCHIVES) \
$(FILESYSTEMS) \
$(DRIVERS) \
$(LIBS) \
-0 tools/zSystem
nm tools/zSystem | grep —v '\(compiled\)NIN(\.o$$N\ININC a \)" |\
16) sort > zSystem_map

fs: dummy
$(MAKE) linuxsubdirs SUBDIRS=fs

1lib: dummy
$(MAKE) linuxsubdirs SUBDIRS=1ib

mm: dummy
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$(MAKE) linuxsubdirs SUBDIRS=mm

ipc: dummy
$(MAKE) linuxsubdirs SUBDIRS=ipc

Kernel: dummy
$(MAKE) linuxsubdirs SUBDIRS=Kernel

drivers: dummy
$(MAKE) linuxsubdirs SUBDIRS=drivers

net: dummy
$(MAKE) linuxsubdirs SUBDIRS=net

clean:
rm —-f Kernel/Ksyms. lst
rm -f core 'find . -name '*.[oas] -print’
rm -f core 'find . -name "core’ -print’
rm —f zlmage zSystem.map tools/zSystem tools/system
rm —f Image System.map boot/bootsect boot/setup
rm —f zBoot/zSystem zBoot/xtract zBoot/piggyback
rm —f . tmp* drivers/sound/configure
rm —f init/* o tools/build boot/*.0 tools/*. o

17) mrproper: clean
rm —-f include/linux/autoconf.h tools/version.h
rm -f drivers/sound/local.h
rm —f .version .config* config.old
rm —f .depend ‘find . -name .depend -print’

distclean: mrproper

backup: mrproper
1

cd .. & tar cf - linux | gzip -9 > bacKup.gz
sync

depend dep:
touch tools/version.h
for i in init/*.c:;do echo -n "init/";$(CPP) -M $$i;done > .tmpdepend
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for i in tools/*.c;do echo -n "tools/”;$(CPP) -M $$i;done >> .tmpdepend

set -e
rm —-f

; for i in $(SUBDIRS): do $(MAKE) -C $$i dep: done
tools/version. h

mv . tmpdepend .depend

ifdef CONFI

GURATION

. . $(CONFIGURATION):

@echo
@echo

"You have a bad or nonexistent” .$(CONFIGURATION) ”:

GURATION)

”

@echo

o

$(MAKE) $(CONFIGURATION)

@echo

running ‘makKe” $(CONFI

@echo “Successful. Try re-making (ignore the error that follows)”

@echo

exit 1

18)dummy: .. $(

else

19)dummy :

endif

#

CONFIGURATION)

# Leave these dummy entries for now to tell people that they are going away..

#

lilo:
@echo
@echo
@echo
@echo

@exit

Image:
@echo
@echo
@echo

Uncompressed Kernel images no longer supported. Use
\"maKe zlilo\” instead.

1

Uncompressed Kernel images no longer supported. Use
\"maKe zImage\” instead.
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1
2)
3)
4)

5)

@echo
@exit 1

disk:
@echo
@echo Uncompressed Kernel images no longer supported. Use
@echo \"make zdisk\” instead.
@echo
@exit 1

kernel version
make A PA| HFHow AHE F . Verison, zImage
zb fd &2 9 sub-makefile® & WghEo] Add,
CONFIG_SHELLH =l $-2]7} AF&FQ shelle @&
(GNU MAKE MANUAL of| 4] shell FUNCTION®# #x)
Ad AL Agda dgdEdg e depend .config7} ¢SS 9133 make depend, make
config& Age AEE S,
# maKe depend
= AAAZ object filed target® dependancy Aol w3t AR file®l .dependS s
s 22 vAAE £
Successful. Try re-maKing (ignore the error that follows)
=3
# make
stul= depend file¢] include® . W< main directoryel 9= .depend file®] vj&o]t}
depend file2 sub-Makefileo] = Z+ sub-directorySolE A7t} o|EA Fdozx PH
lined} 7Fo] <A 313 (implicit rule)S AR w] AF#Ho] tagetd dependancy #HAE Aol

AR5 A ol HE Aol

=l

4 e

init/main.o '@ init/main.c /usr/lib/gcc-1ib/i486-1inux/2.5.8/include/stdarg.h
/usr/include/asm/system. h \

/usr/include/linux/segment. h /usr/include/asm/io.h /usr/include/linux/types.h \
/usr/include/linux/fentl. h /usr/include/linux/config.h /usr/include/linux/autoconf.h \
/usr/include/linux/sched.h /usr/include/linux/tasks.h /usr/include/linux/head.h \
/usr/include/linux/fs.h /usr/include/linux/linkage.h /usr/include/linux/limits.h \
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/usr/include/linux/wait.h /usr/include/linux/dirent.h /usr/include/linux/vfs.h \
/usr/include/linux/net.h /usr/include/linux/socket.h /usr/include/linux/sockios.h \
/usr/include/linux/pipe_fs_i.h /usr/include/linux/minix_fs_i.h
/usr/include/linux/ext_fs_i. h \

/usr/include/linux/ext2_fs_i.h /usr/include/linux/hpfs_fs_i.h
/usr/include/linux/msdos_fs_i.h \

/usr/include/linux/iso_fs_i. h /usr/include/linux/nfs_fs_i.h /usr/include/linux/nfs.h \
/usr/include/linux/xia_fs_i.h /usr/include/linux/sysv_£fs_i.h
/usr/include/linux/minix_fs_sb.h \

/usr/include/linux/ext_fs_sb.h /usr/include/linux/ext2_fs_sb.h
/usr/include/linux/hpfs_fs_sb.h \

/usr/include/linux/msdos_fs_sb. h /usr/include/linux/iso_fs_sb.h
/usr/include/linux/nfs_fs_sb.h \

/usr/include/linux/xia_fs_sb.h /usr/include/linux/sysv_fs_sb.h /usr/include/linux/mm.h \
/usr/include/linux/page.h /usr/include/linux/errno.h /usr/include/linux/Kernel.h \
/usr/include/linux/signal.h /usr/include/linux/time.h /usr/include/linux/param.h \
/usr/include/linux/resource.h /usr/include/linux/vm86.h /usr/include/linux/math_emu.h \
/usr/include/linux/tty.h /usr/include/linux/termios.h /usr/include/linux/unistd.h \
/usr/include/linux/string. h /usr/include/linux/timer.h /usr/include/linux/ctype.h \
/usr/include/linux/delay.h /usr/include/linux/utsname.h /usr/include/linux/ioport.h
tools/build.o : tools/build.c /usr/include/stdio.h /usr/include/features.h
/usr/include/sys/cdefs.h \

/usr/include/libio.h /usr/include/_G_config.h /usr/include/string.h
/usr/1lib/gec-1ib/i486-1inux/2.5.8/include/stddef . h \

/usr/include/stdlib.h /usr/include/errno.h /usr/include/linux/errno.h
/usr/1ib/gec-1ib/i486-1inux/2.5.8/include/float.h \

/usr/include/alloca.h /usr/include/sys/types.h /usr/include/linux/types.h
/usr/include/sys/stat.h \

/usr/include/linux/stat.h /usr/include/sys/sysmacros.h /usr/include/unistd.h \
/usr/include/posix_opt.h /usr/include/gnu/types.h /usr/include/fcntl.h
/usr/include/linux/fentl. h \

/usr/include/linux/config. h /usr/include/linux/autoconf.h /usr/include/linux/a.out.h \
/usr/include/linux/page. h

tools/version.o @ tools/version.c /usr/include/linux/config.h
/usr/include/linux/autoconf.h \

/usr/include/linux/utsname.h tools/./version.h

2384 111 lined 129 line® 795 ®AL olv] 313 (rule)o] A= o Q). olHulE WAF
[e]

2ol AR, WAH FHo| AA FARG S8 wel),
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6) 119 [ine® build2 s§A] A2,
7 S -W : warinig WlAM A &9,
-02 @ A& wrde] A Al7ke] Aoyt

-fomit-frame-ponter : frame pointerE® QT8 A ¢k= kol o 3 A

= #AA2~He frame pointerE savestA vl
-pipe : FAd AejAtol o] tistE 8 Aol o wo]ZE
Ab-&5tet.
(GNU CC MANUAL #=)
8) as863} astE 16 bit oAl &zl 32 bit AJAEH e 42 T

z} 3}, bootsect.S€ setup.SE as8
6oll 93, head.S+= asel 93 oML (assembling)e] o] FojZ ) 1d867 1dE =3 2

-E §4& =2 A A (#includefdefine) S-S WA A%
ARdE £AYRE B> 22 FHE ARG

Add <A %+ A Z} 4 gee 54
1 preprocessing | preprocessor2 A& % A ] -E
2 compile proper | C codeE °oJAEE code® THE -S
F A4
3 assembling object ZEAA
4 link

object moduleES Fo] A3 file

37

<EL1> FASd A

10) make configh] 438,

13) 15% line? tools/zSystem= sourceZ3}%] zBoott dE &2l MakefileS tjdo 2
o] e hFo] o] Fo] A compressed kernelo] ¥ & g},

14) kernel image.

buildel 93] FHAFLH hootsect, setup, zSystemo] FTFAF o},

15) 16) 7t sub-directoryd] A dH 2B AELES [inkdt}l, -Ttext S84 7} w2 Aol
FolE YAE vy FHEFFHO T kernel2 0x100000 byted] Aol oA H
zSystem.map fileOf= object fileO|A{2] symbol& 0|
s 2t symbolES2| HZE|LHOAML| IX(F2ghHE YT

A0 O FS3ICh

HMEH =72 =9 hexazfE=0 <

AUCE 0] file2 7{dE E4Mst=d
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17) make clean< depend file# config file2 glellA] ok=d ¥, o] 72 A3 kernel source

18) 19) dummy$} ellA A3 CONFIGUREE depend file®} config file?] &4E &

W GEE s,

o=

Al ol&H

© /zBootl 9] sub-Makefile

1)

2) .

3)

4)

5)

6)

7)

HEAD = head.o
SYSTEM = .. /tools/zSystem
#LD = gcc

#TEST = -DTEST_DRIVER

ZzOBJECTS = $(HEAD) inflate.o unzip.o misc.o

CFLAGS = -02 -DSTDC_HEADERS $(TEST)

c.s

$(CC) $(CFLAGS) -S -0 $*.s $<
s.0:

$(AS) —c -0 $*.0 $<
c.0:

$(CC) $(CFLAGS) —c -0 $*.0 $<
all: zSystem

zSystem: piggy.o $(zOBJECTS)
$(LD) $(LDFLAGS) —o zSystem —Ttext 1000 $(zOBJECTS) piggy.o

head. o: head. s

head.s: head.S ../include/linux/tasks.h
$(CPP) —traditional head.S -0 head.s

piggy.o: $(SYSTEM) xtract piggyback
./xtract $(SYSTEM) | gzip -9 | ./piggyback > piggy.o

$(SYSTEM) :

ol

RS

317]
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$(MAKE) —C .. tools/zSystem

1) zSystemell E°l7te W89 ¢£A4Z & v LFH=SulYQ headSAFES 79 ls._ e
SZ2 38 FIE tools/zSystemAFE S &A= So7HA "vh zOBJECTSE 18 <1.2>¢
A A5HEY) ZEe] dFe
F-HA bootsect.S,setup.S7F T8 E 31 A o] head. S7t FHEHA AFHIES o] &3 o7 A
AW Y tools/zSystem= Eo] P A (FEH 28] 0x100000<IM>)ell Zkt} =31 hoot/he

—ad.S7} FH

& kernelO] AlZtE|E= oZ2[HX]ofl CHaH

zSystem.mapt} 9] startup 329 WA E B}
00100000 t startup_32
001000cO0 t isnew
001000e7 t 1s486

18] 31, main-Makefile®] 139 lineol Y53 22 89 13& F71A7A zSystem2.maps
A A H %
zBoot/zSystem: zBoot/*.c zBoot/*.S tools/zSystem

$(MAKE) -C zBoot
nm zBoot/zSystem | grep -v '\(compiled\)\IN(\.o$$N\ININC a \)" 1\

sort > zSystemZ.map

23248 zSystem2.map 9 startup_32¢] WA= BA
00001000 t startup_32
00001058 T _huft_build
00001658 T _huft_free

zSystem.map 9 startup_32F boot/head.Sell 1+ symbol® A A A| kernelo] A]ZE &= ¥ A
71899, 871 vh= zSystem2.mapW @ startup_32+ zBoot/head.S11 9] symbolZ A <+

2 kernelo] 9@ HAE e ddh

AMEy o] sourceE A4 IF Stop
o
.

compiling, = assembling®-¢l] A A, & link= A @&te= 90,
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3) zSystemo] FEZA L,

4) 0x1000H A= text segment® link&Oo. 24 o] WA 7} Z7]o] ¢4Z=H Kkernelo] EolE o]

A

5) —traditinal 342 A& Al C compiler?] 42 A ¢

s !
(AT A2 GNU CC MANUAL# =)

gt

=

6) o714 zSystem= ¢=9Ht
tools/zSystemoll+= hoot/bootsect.S ¢} boot/setup.SE A9 ¥+ hoot/head. S VA EE ker
-nel sourcee°] AL &7+ (main Makefile 1291 line)

7)) -CSA9 yEaEg (7] E )R directory change® make. tools/zSystemo] THEOIA EE
Eia=

A zA A7 = zlmage file® 7+32E 1HQ2>1 2

bootsect.5 312 Byte

setup.S

FE =7 code

zBootfzSvatem

toolsfziystem KERNEL

<713 1.2> zlmage file 7%
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1.6 Kernel Image

=0l A kernel image?! zImage file2 A¥HE O 2 root directoryel EolA =}

P8 gaAs v o] fileo] YA W AHASHEH So7AISEIEE bootsect.S7F H A9
head 0, cylinder 0, sector 1¢f zo]A Hu

# rdev zImage /dev/hda3
# cp zImge /dev/£d0

o o3} FYUAAE HEF Ak

17 H3R-E

Intel Microprocessor®] 386DXwo]del = F71A REE A Q%Y = 16 bitA] A A 2E9}
32 bitA AN BSRES A Ysksdl DOS7F A REE o] &3sts &R A Ao+, 0S/2, UNIX,
WINDOWS-NTFo] HIHEES o] &3 &9 Ao,
WA EA ] AAH MESAE processore ol &0l 8 bitFAe)A 32 bitFA oz WAL A WO,
INTEL® 80864 &-& ZE%AU] of 16 bitAAZE AP 7] wZel thA] 32 bitAAE HAEClE W
AZEE As v Aolth DOSY tFAulio] Intelo] 16 bitdAAE HEFTE e zlo] d4
ot} DOS SE&AXZESOE 4R A 885 v 32 hiteFA A £33 vlEo DOS &
Arol HRAA O ® FekrivtH, oA g WA S A7l 8086A A AEE
o R Ryl FEdte Aadw &2 dE%e] FH e CPUE AEEA LS EEH. o)A ¥F
A7) Agele vkl 7| = sy

HE A ROME POSTAZI A =za=l)7t sddus A BEXoly 32 bt AAY 75
kernelol] 93] HIRER FddA HU} HIREJqAE ARE0 w3 vz 728 jxz el

e 7HA AL ok o] 22 DOSS s 29 75 Aoleolr| & st

1) A ZEJAME program® ZEREDL HEEA] 1M byte memorydeol gejof ¢t} 14 16

E{"’Z ojof7]- X E3kAL 211 page
7) pr‘ogr‘am codeF-£2} dataFE 2 F Lo ZiT
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bitZ HAARFE &5 J& A IMZ A= 917 wo|th wehA 16 Mbyte®] RAM
S ARty EFEozE FEv Rl 640kbytedtol AME3dEA ket tha2 DOS
Aol mem FEEEE A8 memoryFEI S RS

D:\> MEM

Memory Type Total = Used + Free
Conventional 640K 55K 585K
Upper 0K 0K 0K
Adapter RAM/ROM 384K 384K 0K

Extended (XMS) 7168K 6384K 784K

Total memory 8192K 6823K 1369K

Total under 1 MB 640K 55K 585K

Total Expanded (EMS) 6528K (6684672 bytes)
Free Expanded (EMS) 6144K (6291456 bytes)
Largest executable program size 585K (599024 bytes) <
Largest free upper memory block 0K (0 bytes)

MS-DOS is resident in the high memory area.

ofefoll A A ojdlz A HHEJM H5o] 640 kbyteoll ot Haudo] Sojz4=3lt],
W, B FEEAME memory HAHEE TZEE 98 AMEES o wEid RAMe] Ho] Z¢
gord A3 7 Adfile® FIAZDGF dE Aolw. A7} pagingol# 7| 5S ARESH A
Hrgrogs 4 2 Adfiles T3EF JdEul pagingel disixeE 72 H=Z2] 242 T
o

2) A RrolAe M9 programo] HWEE o] &M FPFEFE qlvk DA interruptE
&3k RAMAT ZRIadgho] wRelE o] AA &g Qe zlolr. whofe] A REor o
Hel Zrafe] wEE e FPAYH Z2aHF] HE 2R

= W gee A 3
of AAolth HE AZESHOE o1& A FE Pyol AAW 1%A AA LA A
o wgre] AAA Ak HIEREe|AE o2 E processorrt A FOEA Wmw Fil
9H o}F g ZRaREe @AM £3EF o Bk £ RIESAA dEdd ot
ZRIREe A9 qdejdA FaHy SHs Aol golt BE Zeagdele AaA



20 A 1A el A 270

A9 FIHA o] froll o3 RIFEME oy user’} FHE-E programE T3
oo 2= ’\fiﬂzol program< ftask W processthil H-E T Fo] o]E E9o &S] 21
AolE 4% Aoy Uge 7HAAES 8 EAMeAe 2L gu2 AMEE Ao Y

Hs2EoMel Z2a892 o

=

& 386 T =(architecture)?2} 2t

HI

=of Hlol S&

=

—

OII

1 2lsiAls Hof
= watsich,

Ho|C}. KernelES EM
.I

o
ra
12
ro
H
ifi
rlo
He e
L2
n
Kl
HL
=)
=)
IH&"

—I—l

1.8 kernel hackings 93+ §€g g

¢

ol kernelS #4317 $138 &34 A2 & FEEE 2rAE L)
AA e 29 sl A= manual pageE FH 337 Al

1) nm
object fileolA] symbole] HE & Ao &= AAS dF ). 4= o] :Ed 23

e FEel dvka AA.

unsigned int * handler

handler(); /%  hd_interrupt& o =/
AAZ S22 kernelel handlerO#tar AYH 4= glv. wElA o] L2 kernelt] 9] o7}
o] A handler pointer® ¢l &5 pointerE® t23 Zo] do]F9lS 7ot}
handler = hd_interrupt
22 FotpE o' A &9 71? F handler™® =7} hd_interrupt¥<+ pointe

handler():
printk(“handler : %x\n”, handler);

8) Utk kernelollA AMEE|= printf3r2til o]3|stA}
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ol Al kernel2 FFA3dtaL, YA kernelS AR T FEAIZIY, HEFo] handlergks 29
zSystem.map$te] symbole] W2 ¢} H] maj o),

2) grep

fileel A HA3t= EALo] 9

rir

A]

e

=

3) defrag = 7] A
defrag®l 7| A & disk’}9] file systeme #esh= FEeEolt. &AM E olF FolA disk
o Y&< dumpdl FE e2dumpE F & AL A 0T}



g (=7]=])

!

2.1 LILO

2.1.1 LILO%.
LILO(Linux loader)® hard disk® B 5242E BEAZSF JEE 78 F2 AlEEHs T2
Aoy, LILOZE A =w HEZ7]o] DOSS g5 18la gE S3AAS dgdon 2e

A7l Aol 7hsstt

LILO sourceE A3 4% 3 make install2 319 boot.b, 0os2_d.b, chain.b, any_d.b 52 4
o] /boot & Jete/lilool AAHTE booth UlF-&= w02 uU¥ojx=d MBR(master boot
sector)o] © F-E3 FH deviceZ checkd|TE ZTzado] SojQt}t. AAE LILOAAAl mbr
of Eol7HA =W A& MBR7F T893 2 Ao@E& WA T

LILO AXA A 9819 mbr /etc/LILO/boot.03000] H#AHA T 03002 device numberz4 M
A hard diskell LILOZ7} AAHS 9w gt} os2_dbE 0/S25 Agzoz REAI7] 993 A&
o) chainbe fE28 34 & JAA(AEES DOS)SE A AAsH7] 98] AFEHT.
any_dbe FHA HiaFd AXH LFAAE HdEAom FHAF7] §3] ALEE e, 5 &

1:1
25
1

.

O

R
o)
EL

LILO version 1.12] Z-%-o]3, 1.30]AX= /boot/your_original_boot_sectoro] B3 X
1



Y2 AQ gk yon =2 23

o] DOS7F FHA vaze] Ax=o] 9, chainbE: any dbZE ¥l&ET2 LILOE AxsH
Ho
# boot/cp any_d.b chain.b

LILO A% 'map’o]l2te fileo] BH T o] filetells AE¥Aow FRHAZAHE 7+ &G A A

2] hootsect 9 A sectore} ©]&E 2~ kernel image7} &0 o).

2.1.2 LILO AX

o] A2 boot.b® map fileo] tha]l AEe}. A7 E @A F ddo] At FLx2=E Ho Ae
Agk olz Ao FEEZ L I Yol HalMde FRIAANN AASHA &eHy,

1) LILO source®] MakefileS R & 91%9], bootbol first.S¢ second.S7F 218 <2.1>3 2%
o] Eoj7kt},

first.5 512 bytes

second.5

<a3E2.1>

2) LILOAAZ first.SE= MBRo| 59 S2E(Oxlbe) A )oll oI A 3] partitionH] o] &L 712t} o]
Bl o] B2 change.S¢ Oxlbe?lA % &°1714 DOSE F YA Z v AEH )

3) LILOE DOS¢} glH5Aas ZHEZE A Ak 9o DOS7E defaultdl 33 -2 con

—figell A 13 <2.2>

2
iy
ro
5
fo]
i
0%
oX,
o
g
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liloE ¢et config

boot = /dev/hda

prompt
install = /boot/boot.b
#compact # faster, but won't work on all systems.
#delay = 5 # optional, for systems that boot very quickly
timeout = 100
vga = normal # force sane state
ramdisk = 0 # paranoia setting

other = /dev/hdal

label = dos

image = /zImage
label = linux
root = /dev/hda3

thLe-& 18 <22>0] U 9l image descriptor table®] descriptor3 A 9F &0l ),

typedef struct {
char name[MAX_IMAGE_NAME+11;
char password[MAX_PW+1];
SECTOR_ADDR start:;
unsigned short present. /* parameter bit map */
unsigned short root_ro, ram_disk, vga_mode, root_dev:
/% override image settings %/
unsigned short bss_seg, bss_segs, bss_words:

/% BSS := bss_seg:0 to (bss_segtbss_segs-1): (bss_words*2)
bss_seg == 0: no initialization of an unstripped Kernel
bss_words == 0: don’t initialize remaining bytes in last sector */

} IMAGE_DESCR;



fU2 AW gAEAoR S

20

& descriptor 53byte L&

1) image ©] & (configel A label=)

2) password

16byte
16byte

3) map fileel A nameol &3+ section®] $A].

S5byte

4) present bits 2byte
S el sldstsE -9 gkol configtd command lineoll 28] AAAEH o] bitE<el oldbit
BE bit 0(ram_disk), bit 1(vga_mode), bit 2(root_dev), bhit 3(root_ro)7} Z+z+ set ¥t}
U A bits AHEE A ke

5) root_roram_disk,vga_moderoot_dev

(sect,trk,dev head,sect—num)

8byte(2byte®!)

root_ro : root filesystem read only
ram_disk ! ramdisk size re-set
root_dev ! root partition re-set
vga_mode : VGA mode re-set
6) bss_seg,bss_segs,bss_word 6byte(2byte®!)
mkck scriptE AF23o] 8 & A kernelS compound unstripped kernel® THEO] A28 7H-9-
a0l AAFHAY. defaultzhe z+z 0olw, EMo] & mkckE AL&3A ¢E 2 V0w

Eia=
mkck scriptt LILO TECHNICAL MANUAL #=%.
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J DC_MAGIC (this iz get, Ouly if default corenand is exast )

iz ]

DFCMD_OFF

default - command - line

DSC_OFF  |=hxte E3byte E3byte
¢| descr[] | descr[1]
I—chec]isu.rn
DSC_OFF2 | e e = = = Image Descripter @ | ——-—o-—~-
table

Zero Sector

EB | LILO

chain.h
descr[0]. staxt Shyte Shyte Shyte
zeroaddr | chainh | 4 | o)Al w0l gl
|— dos hootsect location sector value /
descr[l]. start Ehyte 20hyte
hootsect | se;tup ‘

Zlmage

<a¥22> LILO MAP FILE
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b
b
—

g

LILO AA & mbro] o7t first.Se AR dH zmE=7F 0x07c000] =82 first.Sol A7l

o 24t}

2.2.2 first.S 334

1) 0x07c00°l & first.SE 0x9A000E A7) & A gk},

boot
s5ect
s
0x07CO0 00 AD00
<1¥E2.3>
2) set Stack.
boot STACK
sect
0x9A000  Ox9s 200 Ox9B000
sP

<2E2.4>

3) 'L’ display.

4) load¥ mbrul®] second.S¢9] $1AAEHZH(<E21>9 @)&

-d.

g;gc

boot
sect

stack

Secondary
hoot  loader

0:24000 0:24200

e
T sp

<1E25>

A 0x9B000 ~ 0x9D000¢]

loa
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5) "I’ display.

01 2 3 45 67 8 9A BCDZETF
® |® © @ & ® [®®
o @ ® @
@ |

@

© ® @ [®
®

<¥21> lilo &MAIF OIAE |=ME

SOl N = O

@ EB(Gump®] 7174 e])
® “LILO" &A1
© stage
STAGE_FIRST®! 19o] 97t} sencond.S9 stages STAGE_SECOND7Z} #Ht})
@ LILO package version.
(® timeout
ZRIZEA o] AlZbEet F|HESIEo] glo™ AF boot. default gk F-3Hoi.
@ delay
A imageE FH37] e 71gEl = Al7E seriale] set®H o] k2 200] #Hu}
LILO user manual 73,
port
remote loginA] AF&%+= port. serial 540 23 set¥ ™ o] gho] 1™ COM 1Z 2]w|%h
=3
LILO user manual 73,
() serial number
RS-232C¢F ## ¥ gk bps,parity,charactor hits.
LILO user manual 73,
@© DSC_OFF $1A 3t
Shytes 7z MAP file®] image descriptori#¢ DSC_OFF(#<2.2>9 LILO map file?+

Z)9] secter,track,devicehead,secters+ < e
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(O DSC_OFF2 9 A k.
Shyters Z+7ZF MAP file®] image descriptori&2] DSC_OFF2(#<2.2>¢ LILO map file
Z2)9] secter,track,device head secters < et}
®© DFCMD_OFF $] %k
Shyters Z+zZ+ MAP file® image descriptori®+9 DFCMD_OFF(#<2.2>¢ LILO map fi
-lez3)9] sectertrack,devicehead secter+ < et}
(D message Zo].
16bite] 22 message? #H 2ol 64kol
@ message T $3].
Sbyter Z}7b message A9 2] ¢ secter,track,devicehead secterd < et
@ secondary loader ¢ X 3k.
obytet Z+7+F bootb file® secondSHEEVF & HE9 sectertrack,devicehead,secters
5 vEdH
9719l sector® AATG 9l Zko] Qo) AAZ AFH9 7 sectorFETHES o}
©~@ first.S A=A FEA ROMolA Tl siesbxdlghe]l o7t F7Fely bootsectel] A
o] & Hlo Yt
® oldtel e firstS TET} o7ty
(© bootsect®] wFA T GdbyteolE 7129 mbrol Y@ partition table®] &7k,

il
ok

g

o

2.2.3 second.S 37

1) bootsect®] serial® Aol A portgk Y=x el
2) “L” display.
3) break flagE clear
LILO user manual ¢ serial=param &3 3,
4) promptell A JH 71217+ 232 UHFE timeout handler®.Z.
5) second.S7F A Z load® Y &<l
6) bootsect®] Image descriptor$] & Zro.& descriptor load.
7) descriptor checksum.
descriptor® W-&< 2byted 92 BT g & A Oxabed(INIT_CKS)<}
checksumS B8 Qo] = ojof g},
8) default command line< load.
LILOAA Al LILOWHe] w2s {49 u£olt, LILO user manual® command line
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options#+ =3},

boot Stack gecond.3 descrip | default
sect tor cmd line

050200 050600 Ox5DE00

<1E29>

9) 0x9D600°l %= 2byte’t DC_MAGICEL ¥ 224 &2l

default command line®] o d I

dookay :

10) Q" display.

11) delay=0% wFET}

12) 71€& delay = Oxffffo] ¥ interactive prompt= €3t ¢ ¥ parameter check.
13) first.S59] ext_dle] EX_DL_MAGSI A check.

noex :

14) default command line check® default command”’} ¢12.H "boot :” promptE %3 35}al
commandZ= WolEolE O Z jump.

iloop:

15) message file¢] 9+=A check.

16)

17) interactive mode? A check¥- key % L keyU -2 “cmdline:” thS-of Eolt)

18) keyE Hto® keyghel 49 imageo]l H(DOS T+ & 52)7 map file®) Image descriptor

sectiontfoll A & 9|22 717 descriptor® Zo} startghS 3 gt}

"boot :" display.

1%
T

doboot :
19) Image descriptor sectiontjo] A 22 0|55 717 descriptor®] start pointer(push bx)
20) image name display.

21) map fileel A bxgkel 313l descriper section®] A sector load.
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Oz 53000

51Zhyte ( )

<2™E27>

& 0|ZI2ZAM 2= map filed| zimagel&0]|

of AU zimage TL S K= FEO| EICH(

22 LILOMX|F root directory

olo
A —
&< LILO CHA| dR1g EXM= =ZAKXZE)

22) 1 <2.7>0M O FhE o]-&, 0x900000] zImage?] bootsectZ load$tt}t. ©] bhootsect:= /boot
/first.SEA] floppy HYAA SR FEl St ALHT
o] AL 23doA At}

23) CI._MAGIC(a33f)¢} "Boot Image=" 9] ¢ 2 E 0x00020¢] Y=

LI

020000

Oxo0nz0 | dbrte Zhyte

"Boot Image="
EEE

<1E82.8>

23) 3 F Image?] Image descriptor®) - check.
24) @ FH& o]&, map file oA setup load.
25) 0x10000¢] system load.
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A2 %

=]
T

B (=713

hoot
kernel cect setup
10000 0x50000  Oxp0200
<AH2.9>

26) setupel control Y71,



2

rir

i Ad g doz 7}

o

2.24 LILO #do] &y Fof vy AH.

=ate] A E 93 LILO pakageol £¥¥ LILO technical manual®] %5 U2 &7t

0400000 _—
0:007BE — = " ytes
[07FE Partition table yies
29 Kh
D000
Boot load area 512 bytes
O0:07EOD
0x10000 325Kb
kernel 442 Kh
020000
192 Kh
00000
00200 Floppy boot sector | 512 bytes
0:94000 Setup (kernel) 39.5 Kb ( ZKb used)
094200 Primary boot loader (first3) | 512 byrtes
Stack I5Kh
O E000
0:90000 Secondary boot loader(second 5) | £ Kb (3.5 Khuzed)
Map load area 512 tyrtes
09200 - s
090600 Descriptor table
Defaut command line 512 bytes
0x9T00
10Kh
DA 0000

<3¥2.10>



34

A2 7R 8 (=73

2.3 DOS HEe¢ #AS

21 map filed] @,2,® o 9] TG Aol =2 P A% vl-&] load.

- dos hootsect

Zern
sect

cﬁ?in N dos deser [:) (:j (:j

D0z 20000 0x30200 020400

1\ zlmage descr —
D5
<ITH211>
(D zero_sect 9XA|
@ chain. S 9|
(3 DOS bootsect 2 X|
(0]Zd0] 7[&EQ| mbr2 OfL|C}.)
22) chain.Sell Ao {4
© chainS 3= $£HAH
1) bootsect move.
chain

4

3 |

07200

sP

020200 0x90400 Ox90600

<1¥E2.15>

2) chain.S W 2] partition table move.

hoot chaity
A gect 3
D1 The |
<192.16>

3) DS : SI, ES : SI <= partition table pointer
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4) dx <= drive and head

5 DS, ES <=0

6) ax <= Oxaabb ( LILO TECHNICAL MANUAL #x )
)

7) bootsecte] control 7.

24 Ad mT Al#
2.4.1 bootsect.S (floppyE FHA| A+-&) 3744

hard disk®= FEA| & AME5 A ket

1) bootsect move.

1M

bootsect

] i
Oz 7c00 | 020000

<a"H217>

2) 0x78H A o] Eo] 9+ disk parameter table 45 o]&3}o] disk parameter 12byte

90000h + 4000h - 12°] 91X R E EAls] Qi=t}10

r disk parameter tahle stack i L2byte
=
boot

. sz; setup

# (2k) 1 |
(78 DxQDDD? 034000 E KT

578k 2 '
<1™H215>

w
[

X78H A €] £S5 90000h + 40000h + 12& 313t

W
Ho

5) FDC(floppy disk controller) RESET.

)
)
)
6) setup ZE YolEU.(OIHLQI1> #FHx)

AEL disk param® 5 A9 gk 18(1.44M9 sectors per track)® LA},

10) =23 E 23 pc source book 3} 7-22(v] A2 )oj|A B|T| L param, disk param ZZ,
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7) sector 18914 data read 7}5olf Fldto] cxol 1 g (&7 715 AWl sectorT) S €&
=3

8) 94 9low sector 15(1.2M)¢} sector 9(360K) oA &2 sle] cxol 2 S deth

9) sectors <= cx.

10) "1oading...” display.

11) kernel2 &2 3Zo] 64KB(1 segment)Zd AlQ1 %] &2l (oY= FHoopol] ¢ s FEAA)

12) 0x7F000(508K) THE-S 0x100000] ¢lo1 &<,

i disk parameter table stack 1l Eﬁe
B
boot
E kernel - setup +—disk parameter
x sect (2K
0x78 D= 10000 DxS‘DDD\I:I Dx54000
576k )
<3™E2.19>

13) offset 508l # X%t root_devi-&S FE5IIA. rdev-FE 2/ El7} st 42, kernel o]v]#] =}
Aol A o]32e] &S F root deviceR 7§413t= Aotk o] ROOT_DEVH £ X (hoot

-ing)F ¥tk ol 3 mount_root&=ol 2] & root device® mount@w] AREFH O}

242 setup.S TE FP A

1) extended memeory F7] T34l 0x90000+2¢] H+=

2) keyboard repeat rate= | tfgh(A AAI 7 250ms, EFAE 30cps) & =t

3) EGA / VGA config 3k -3
( BH = color/mono BL = 7} memory CH = adapter bit CL = s/w setting )
< VGA ¥ 7% AL = 12h, o}d ¢ AL = Oh >

4) VGA 91X, ©& graphic card 21 A= checkdtt},

5) video card data T+3%H.(4,5,6,7 bytes)

6) 41h9} 46hel 9+ hd0, hdl parameter table addressZ ©]-&3to] 90000h+80h<}
90000h+90hel hd0, hdl parameterS Z+zb 10byte? E-Apstt,

7) hdle] h=A 2l

8) §1°. ¥ hdl parameter ¢ 90hel 0Z 10byte A&
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COMMAND_LINE

2K

B Device_nfo ([ Oxaa) — e bs mmouse 7 A
Q14T

DOFIG_Foot_Deyr
Ox1fz

FEAMDISE SIZE
017 —

Mount_Foot_Feadonl
Ox1£2 e d
0x9a

HD] parameter
050
OxBa

HDO parameter

DEIVE_INFO—+ 020

0xl2
010
vadeo _lines [ Ox5015 )
(e
adapter bit shar setting
(e -
7t MEemary colar F mono
. (xa
sereen_info 12h{ VG4 )
02
. wrindovr width widen,_mode
Ox& )
display page
Oed T block ( extendsd memory )
EXT MIEM K—* 032 -
= | E
030000
mursor 5] A
SCREEN_INFO
<392.20>

9) mouse?} EA3FH 90000h+1ffhel Oxaad-<.
10) NMIE %£33lo] BE QAHHE Al2S E71531A disable.(out 0x70, 0x80)
1) 0x10000¢] Y+ AYES 0x10002.2 576k(9000h-1000h)E &7
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kernel haot disk
(system) sect setup stack —
021000 0220000
<2™E2.21>
12) ds& 90200h=% setup¥ idt, gdt load.
idt
-
] oo an an LDTR
oo
gdt
oo | oo oo | o  GDIR
oo ]
oo | oo oo | 0o
oo oo
selector KEREMEL_(C5 (0x100
CODE oo | oo 94 | oo base = 0000R  limit = 8M
oo 7FF
oo | oo = | o~ salector KERMEL_DS (0x18)
DATA hase = 0000k Limnit = B0
0o 7FF
<1”E2.22>

13) keyhoard buffer’} v g=4 &2l .(empty_8042)
14) A20 line on.1D

15) coprocessor reset.

)
)
)
16) IRQ reprogram.

INTELE 256709 QHHE Bo]EF AL 3270(00h - IFh)E ALgslA Fsx3 shgdond,

IBM& o] Z ojzt}12 B3 r=7}l 477 A7AE INT 8 ~ INT Fr} CPUoM AH-g-5 A
oo o ks "LEHE J9tt. IBM2 o852 A9 &2 BIOSY timer, coprocessor, printers i}
2 deviceE S 913 IRQ 0 - IRQ 75 G Aolu
A=

o] Zl o] EEEEﬂ Qe 28671 Fol Aol MeE EAE oA Hdth BRI R T oA I A

3) Ralf Brown?] Interuppt list ZZ,
12) 2 Prolob]-AAEWAHol5H A) 165page
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HE g 9= Hysty] 98 =vo] CPUZL ol 5L AMEstA H9la, 1A @4 IN

-T 8 ~ INT F Rl s IBMelA AFsts 7153 INTELAA AFHE 7wl T8

Ao = Zol)

gEAE oys TFE 9|98 [RQES AEE JHYE WHIE7 d4ddr. & INT
0x20 ~ INT Ox2Fe°] Z+7F IRQ 0 ~ IRQ 1& @93ty The Undocumented PC-Wesley 9
821 page°d] T4 m=rl A# Yot

PICUNTERRUPT CONTROLLER) 8259A°] tiaire ##d A2 & #Fastahid)

=

¢ 0x20 portoll 0x11(0]Zd0] OCW10f SHEHS outtt Foll= 0x210] Zt2 M A outErof et
OCW2,0CW3,0CW40] Atg 2 Zto| E7IHA INTHS HEto| o|Fo{ZICt 14

SLAVE

FIROS

L IRG9

gegga 1Rl

FIRGLL

PIC FIRQLZ

FIROLS

L IRG14

MASTER LIRQLS
r RGO
rIEQ1

_4—

B259A | 1pqs
PIC  |}iRge
- IROS
rIREQe
rIROQ7

<28220> PICo|A masters} slavee €24 ],
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17) PROTECTED mode® 7%
PE set Zol& HEEA] flushdl oF$HU}. processors instruction prefetch queuee] ©-E ™2 o]
T vy 7tAeY. A rEdue] ARE flushAl7]E 2ol )15

msw <= 0x0001 (PE bit)

18) jmp 1000h, KERNEL_CS ( kernele] 9+ #2.% jump)
€ KERNEL_CS+& selector24] 0x10.
o] 142 0001 0000, selectori A= 10 ( RPL : 00, TI : 0 )
KERNEL_DSE selector2A] 0x18.
o] 1% 0001 1000, selectori A= 11 ( RPL : 00, TI : 0 )
> Tl bit : X| HO|E2A| MY HOIEAXE 7I2[ZICt

243 headS TE S} 3}A

0x1000% Aloj7t doj7td 1#&eA 71432 zboot/head. S(Z=¥%7] mE)7} FEHEA ¢=
o] %49 kernelo] 0x100000(1M$%])& o] =3}A Hu}

& OG7IMEEE= 32 BIT ZE0|HA AT&T System V/386 2HE W= QJUCH® M2t boot
-sect.Sel setup.S= 16bit assembler?l as86=2 Al25ILE, X|ZEHE= 32 bit assembler?! as(
GNU AS)E AZslof gtct.
DOSC| Macro assembler2t 2[S2A2| asB62 Intel EHES M2 QYUCt D=2 headS ZE
LHOlA 1fL} 2b2t 22 A== SR o|F(forward)o U= 1: labledt, B[R] 0| & (backward

)off = 2: lablee 2+Z 20|

o

Ct.

1) KERNEL_DS?! 18h7} ds,es,fs,gsel &7k}

2) kernel/sched.coll & stack_start7 %A pointerE ss,spoll Y+
o}t ssoll+= KERNEL_DS7}, spell+ user_stack pointer’} &9¢]7} stack sizee 1 page
7} "

3) edatacl X end7}A(BSS &) %7|3}(clear)

15) 80386 =13 QI+ - L ¥AL 184page
16) GNU AS MANNUAL 2] 8.9 80386 Dependant FeaturesS %%,

=
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BSS(block started by symbolD: %7185 A ¢+ (uninitialized)d 0.2 =213 o] A]
D Fdo]| o %7 3RV
edata®l end= %7819 datad Z3 AA Zzoo#e] 2o JEhH, etext
o z& YeEdY, o5 M4 gecoll 93 Ao HT,

4) setup idt.
idtZ ignore_int® 3T =39 interrupt’} BHASIH FAFEE 34,

KERNEL_CS ignore_int
00 00 SE 00

9 YdAazgy 25678 2E SRR idtd S e
olg@A wEolA tabled o|F lidtEH O 2 idt deser(ZE SHE)S IDTRUIDT Register)el
920 24 interrupt descriptor table®] base A 9} limit7} A4 ¥ o},
base A & AFHA 7} Ao

=< IDTRel E°]7F= descriptoro] o},

0xc0000000+_idt (base)
256%8—-1(limit)

DOSe| HR= QIHHE HEHOo| Bt2|Jf 4byteO|L} EESR2EQ A= interrupt descriptor?} €l
J2IXM3 sbyteHt@Z ZIE 7| O|FfEICH.

5) A20 line enableR! A check.(o} ™ 73+ loopell 9%+ FEFXA])
6) eflag %=7]3}.

7) boot parameter®} default command line parameterE 0x105000(empty_zero_page)® =71t}

8) EFLAG®S AC hitE change A|FAE (Aol H 386 processor ©]3d})
o] bite 48604 B SG 9t} 386¢] 3ol A= vlA A eI

9) EFLAGS] ID hitE change Al AR (A g o] M 486 processor ©|3})

10) %E} Aso]s A2 CPU 2l

w2 PCEAIS F3te 22 pentiumB#H o E5olA L fgoltt

17) Advanced Programming in the UNIX Environment ( W, Richard Stevens ) 167page

il
(e
frt
o
®
=t
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A2ZH

B (=713

zk

2k 2k

boot param

Y
e

|
Ox20000 i |
[floppy boosectH 1

Ik

CL-param

Fy |

Q105000
[empty_zero_page]

Oxe00229 =9 3= B A (second 39 A

<39H224>

CPUID CPU Identification

Provides information to the software about the model of microprocessor

on which it is executing. An input value loaded into the EAX register

for this instruction indicates what information should be returned by

the CPUID instruction. The value returned for the Family is 5, indicating

the Pentium microprocessor. The Pentium will return a O in the model

field to indicate

that it is the first model in the Pentium family.

The Stepping ID field will contain a unique identifier for the revision

level. The remaining bits are reserved.

Flags: No flags affected.
Encoding: 00001111 10100010
Syntax Example
CPUID cpuid

11) 4862 cr0¢9 PG,PEET AMWPNEMPE set.
12) 3862 cr0¢ PG,PEET MPE set.

Clock Cycles
14

X <2.2>¢] control register 09 bitgo] 2 JEt 9t}

18) The Undocumented PC-Wesley 53page

¥
I
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bit 7] s AEH e 7F
PG Paging enable 386, 486

CD Caching disable 486

NW Writes—transparent control 486

AM Alignment check mask 486

WP Supervisor write protect 486

NE Numerics exception control 486

ET Processor extention (287, 387 #2l) | =%7] 386

TS Task switch occurred 286, 376, 386, 486
EM Emulate processor extension 286, 376, 386, 486
MP Monitor coprocessor 286, 376, 386, 486
OE Enable segmented protection 286,(376), 386, 486

<3E2.2> o0 bitE

13) 87 processor(coprocessor) =A oJ% check.

14) setup paging.

g 2o A user MEEE AEHA 3G(0xc0000000)8] Bvl= ol 7FA] o] ¥, 3GEEE kernelS
A3 AP R Fiho] AT (E<24>7319)

swapper_pg_dir(0x1000) 75+ 4u}o]E =79 page directory entry”7} 10247 &7}, pgld
(0x2000)0FH+ A 4ulo]E =7]9] page table entry”} 10247} Eoi7tt}. 23 <2.22> 0] 4
H Al S page directoryd HeollE 2709 entry9t 231, page tabled 9ol entryEo] EF A
AR

page table?] bhaseztE9 0x00 ~ O0x3FFE 4AMbyted AW|Z#]E page?0er9) ¢l 40068 U+
AE9 247+ 718l 2 .(F basegko]l 0x0lold Az al 9] 0x010005 2] v gtr})

T directory entry:= S 2 page table® pg0E el 7Y wEkA user A ¥ = o}
P AMS} kernel Mg A # ol 4AM& o] EgdvEE AME TR v 2 s}
o dAs 7§T«l Z718H UFol o] Foix H (paging_init), *71ME 4M7 MAPPINGA] 71

) E218] HEE ¢]3] GNU documentQ! kernel hacker ‘s guide ofjA] W3|gt
- 4.3 A user process’ view of memory
2} er=kernel 2
- EZ|w 2 2] (hacker ‘s guideZ 3} v] 23] BH=} )

20) 1 pagetx= PAGE_SIZEQl 4KoJt}. o]Z2 386, 4860l ]3] sz Zlolth
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0x3000
3FF 0000{ 0010{ 0111
3FE 0000| 0010] 0111
stelz ARzt
0o | oooo| oo10] 0111
0x2000
ped
0010 | 0000| o010f 0111 ] .
Oz 10003k [ooo]oo1g o 2ol =St AHH A=
0xC0000000¢ 3G)9] T
ur
Ly
— 0010 | 0000] 0010{ 0111 | #hyte
swapper_pg_dir

< 18225> paging % 7|3}

RW =1 o]¥ R/W 7}s2& 0|t}
P =1 oA E& v %& el page’l &A%t}
U/S =1 o]4 userdH

0 o] ¥ supervisor’tEl
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FREE momory_end or high_memory
mem_map mem_init()
inode_table inode_init()
device data device_init()
&end more pg_tables paging_init()
&etext kernel data
kernel code
0x106000 floppy_track_buffer
0x105000 zero_page
0x103000 bad_pg_table used by page_fault_handlers to kill
bad_page processes gracefully when out of memory.
0x102000 pel the first kernel page table.
0x101000 swapper_pg_dir the kernel page directory.
0x100000 null page
0x0A0000 system BIOS 640K
low_memory_start FREE
0x000000 RESERVED
<3%2.3>
Oxc0000000 The invisible kernel reserved
initial stack
room for stack growth 4 pages
0x60000000 shared libraries
brk unused
malloc memory
end_data uninitialized data
end_code initialized data
0x00000000 text
<E2.4>
S X kernelO| A O=Z| 0x1000000] US=Z pagingF kernel2 MEHX| 0xc01000000] U
= Zi0] BlC}. 2L} Kernel2 KA 3| MEHA| 0x1000000] 7= BiCh <12I2.25>
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kernel2 A&7+ %7] AM9} mappings o] A oF 3k}, paging©] ¥ kernel2 213 F7kel A
TdHY. & kerneld#9 Fo HAZGEES AFHA 7 == Aol 1A kernel¢] paging
o] Fo| = AL T WHAZFES IR 7N 7] ol matA AP FIFeME oF
3 o E e} T2 A eof glojof Fhr,

3Go) 9 mappinge userdZtd} kernel7tate] A4S ¢ B22 AEET FHolA =9
AR ZE processe forkell o3 #4419 page directoryE 7FA 1, 4Ge] AE S &
F8tA A} 7z} processe MEFT7FE 1E<023>1 o] ol 3GE userE o R, 9E |

SO = A"

l

s

(!

= kernelZ7+

USER SPACE EERMEL 5PACE

0 3G 4G

<1E2.26> process® M-I 7H

2 EAY o] e user37Hdpl=3)2Ve] A #Ho] =& kernel37Hdpl=0)s ZHIE 3
= $th kernel ¥7FS HZ57] Y8l gateE AREFof St} gatee] WA E 257
HelA =ojdt
T A== user processYFoll A B 3Go]Fol kernelo] EATHE. THoF kernel S 9]¢+ page
directory ¢l swapper_page_dir®] W-2o¢] u}#H B processe] page directory® 768 entryF-
H 1023 entrye] &% uvlHg, & 824> 4 Hol= Do] vl A @ processE Y
@, @, ® 7} BF SAH A= e Aolth 7.98 9 alloc_area_pages3t5 Zi13)e},
EE process page direcory® kernelS $]3%F entryE2 EF7F $719 kernelS g7l 9l

el
Bl é

i

w5 dAEA

system callell 9 & kernelel 28w user process(user mode)E 3GHE] 9 mappingS &
8 A vH(gate?1 A4l KENREL_CSel 9]3l]) kernel modee] 143t H 1 b7 EH 9] kernel ¥4
A AL kernel AAlo]l 71A 3 A& A F7Hswapper_pg_din) g of#l|FHell A FPHAY
kernel’d @3- 7kel 271¢] kernele] EA8t7] el 7hadA ol

21) descriptor’s privilege level
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TR (@ [El] & &
T6E
S Y
1]
T T T T
swhpper_pg_dir for process-& for process-B for process-C

<182.24> kernel#} process=¢2| page directory

0 4M
A ¥4
{ physical address }
i F =
{ linear address}
0 40 3G 3GH4M 4G

wx] w0 2 swapper_pg_table YR E cr3 HAAHe| Y1, cr0) HAXAHEY PGE setdte] pagi

-ng< enabler] 71t}

15) GDT setup.

descriptor 2 0x10 kernel 1G code
descriptor 3 0x18 kemnel 1G data
descriptor 4 0x23 user 3G code
descriptor 5 0x26 user 3G data

oA A3l &o]l 0x10,0x18,0x23,0x262 o]& Ul segmentel HLsl7] $9t selectord

o]
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o ZF ke 3, dbitell 98] gdtell 9 descriptore] 1A 23457 AR, E<25>
descriptor= 2] basegkol A B5o] userz 72 0 ~ 3G7HA, kernelZE7F2 3G ~ 4G7HA o] v}
Ed R EAREo] yserZztol A, kernel& 7ol 71L& ottt A F ko] 4287 9
A o9t AP HA o DSt =8 page’t Qe Tl AFEHAFT &2 pagert
olof mapping®] o]FolF 22 o] Fpg TA MZE[ZE[eAM =oH T

22) olu] QoA 275t 3868 ME Thee) M BIYS Ak

80X86 Architecture & Programming Vol. I 2} Vol. Il: Agarwal - Prentice Hall
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* 1 data=0, code=1
base (G B O AVL | limit pDPL1 *EWA|  base
base limit descriptor 2=
00 | 00 00 | 00 GDT start
00 00 0
00 | 00 00 | 00
00 00 1
0xCO 11100  0x03 1011010 | 0x00
00 OxFFET 2
0xCO 11100  0x03 1010010 | 0x00
00 OxFFET 3
0x00 (1100 0x0B 131 1010 | 0x00
00 OxFFET 4
0x00 11100 | 0xOB 1 31 0010 | 0x00
00 OxFFET 5
00 | 00 00 | 00
00 00 6
00 | 00 00 | 00
00 00 7
TSSO
LDTO
TSSH
LDT1
LIH A entries
{for LDT and
TSS)
<E25>
LDT9 TSSE TASKE 184 Fo]Ath F taskl0]e] 3|Fshs TSS9 LDTE <E 25>¢]

A TSSO LDTOel v, & 31 128(NR_TASK)#9 LDTSH TSS7F GDTell g

T4 GDT F ol descriptor+E 8+128+271 #H1}.23

23) <H#2.5>% include/linux/sched.h &=



50 A2dH B (=738

16) GDTR¥} IDTRS setd3lil gdt entryS2S setdlgd o2 2 Iimp BH S AFE39] selectors

23} instruction pointer(ip)®] o] =& s},
17) LDTRe] 02 %7135 2% load LDTO#E 3ol 98] thA] set® o] Ao,

18) init/main.c®] start_kernel 3= A o7} dol 7k}

2.5 start_kernel routine

2.5.1 1iBCS emulator

+= Sdefault Idt
type =12 dpl =3

KEBRNEL_CS Icall? offset

<182.29> ldefault local descriptor

1. Icall7-2 set_call_gate®tt}.(kernel/syscall.S) call gate descriptore 13 <2.26>3F 2t}
default_ldt2 task”} 2 local descriptor® AFE3FA] kSl Ag¥ 24 Z task7} local des
—criptorE- accessold = [call7 7 3=t} o] ¥ call gateE set ot A$e G

o} 25)

2. lcall7 &4 ( kernel/syscallS )= kernel 1.0l E A9 ot=l& iBCS emulator® $%F call
gateo]| o},

lo

> aF2elA W oolgEe] A% e CRE oliRueln TAMNNA BF 32
Al 228el push® W&otk Dt 2)E C359] parameters200] o,
U s 3E367] 9138 struct pt_regs® FE O EF whe] YRow AEGAES

mot [

o] A 71t
24) A4 source?] include/sched. hollA] task_structE& ZZI7.
25) o)A & mIA| YO8 o]F call gateE setdh= H-$= QT

Z version 1.00] 4= set_call_gate njAZE7} 3tH &
C3 =z

26) CY¥+F assemblyol2 F@sh= Zlof tizt ddA A



ol

o
L
[
)
e
e
2
Mz
£
[o
ku
N
rir
N

<2> stack pointer(SP)270E parameter® 5 iABL emulate@+& 3&5H)

esp
5P —PS .
BCx
f edx
10 esi
14 edi
12 ehp
le ey
20 ds
24 s
fs
28
2e E?
30 e ax Ot eax
34 |cllag #ip
8 eip cs
3 cs eflag
4; 13 old_esp
N old ss
<3H227>
3. iBCSel o3

iBCS(Intel Binary Compatibility Standard)+= Intel processorel A E2+sl+ binary file® forma
—tof] wEF E=oro =M, A LEE object file formatl.Z¥E ELF(Executable and Linking
Format)® COFF(common object file format)Z°] ¢lt}.28

ELF= ABI(Application Binary Interface)E 93| USL(UNIX System Laboratories)el <3 7Y
W ) = ok

252 device AEEZ 93 HEAXA

empty_zero_page(0x5000<head.S>)el U= deviced H.(ROOT_DEV drive_info,screen_info,mouse

FH)E ARR Wae] YE

253 memory FHE ¢ WX A

27) 222 5,255 23 okdlBe] HAZ} wA 224 arh
28) linux. faq 2%,
29) ftp.intel.com s1te9] /pub/TISo A ELFH#HAxIRE R,
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memory_end  : biosell 93 AL FHA w2 F
memory_start : FHIALHA Ado|A texte data F9e E.(&end)

low_memory_start : A&7 W EE Al A

kernel®d 9 9] vwlx] o &end)?l IMZE HoW o7 4H5AEYS @9k} memory_start FH
device driverE #3 wlRgE Algstsdl, d5AEY A vwlEE el load¥l kernelsd & o]
Ev= AAREH7E 99, 8] g= kernel®] -+ 1IM7} memory_start”} F U
low_memory_start= ¢=74d9 729 ofdlZE 1Mol v ddo dfs] AF memorvE %7]
stetw] AMg7lE doom EA]'ETV] A&l AKB(PAGE_SIZE)309] gho] =, H|tEAHAEY Z-¢
ARl Eues AHTH AR EA| S 7] 98 &endd] ghe] HT

+ memory_start = &end
27 Addy
1M
4+ low_memory_start
RESERVED  ||q  — -

254 PAGE ALIGN

pageZ alignAlZittE Ze Ed# R oA PAGE_SIZECl 4AKY$IE pageE AHA|7|7] 95
Aot sourcetloll A W B2 E alignAl7]lE H&0] AF YEYEd ot WEHY AEE F&

o, paging init()4 % FAEepH 386,486 laptop?] BIOS2} SMM(momory module)
chipol 2Ja} AM&E 2 vtz ot X7 mem_init()of]l &J8] o] 3t RESERVED JEf7} = o]
processo]| 2]&t R A Al access7} ZA|HCTL

BIOSof 2]%t interuppt vectorSS &Aoo &3] AFREA] e, interuppt descriptoro]
2]&) interuppt codeSo| A F T}, 2L} BIOSe] HE-L 16bit program?] 4=3¥(D0S emulat
-ion)& ¢I3f AHEHTL.

30) =g|#o]#] pageo% Zet Hlojolt}, o]Zol= biosoll 2]3F interuppt vectorZ} Eof7}
20
olr



Ho 2 7] 9oyt
2.5.5 1nitialize page

head.Sel X &dvl el 7] AME $1% page tableS 27|18 A|ZAL 71 & Aol 0%71/‘11_
1 page table2 73A138lal vEo] UmA EgwEgel gt page tableE2 wHEU <1
229>¢] RAM 8M9] Z¢-= o= =3u. 2dA @A 1719 page tableo] ¥ Q5% ﬁﬁéuﬂ
29 Ad WA SRy Y Ad HAES SdA] 798 tabled o138 T dir entry
= 7Y,
table entry &M O{IH FII=El a bite= accessed bitZ2A ZZM A= O{H page| access=I| O] bit
e 2 2IA M= ol bitoll 28 swapping2| FEIb =I{of & =2 JHE AL
TEDICEIN  FE, BE|S20AME 0| HHE ARZStCt. mmhlel  PAGEL

256 bus¥2 check
system bus W2 o] EISA(Extended ISA)¢I A& 2ol s},
v Zg IM bytedl2ol# ol 4dbyted] "EISA’#e EXdo] ©as " ol& EISA bus #2419
< YeRE Aol
2.5.7 trap_init
1) L.
head.Sell A ignore_int® Z7|3A] AE IDT Y7} o9 A8 vector descriptorE setdtt}.
trap descriptor7} idt[0l<head.S>o A idtl48]7}A] set= =dl, A A trapA &l & idtl0] ~ idt[17]
Aol UYWA= o ofd Aeeolt). oM E Wy Ko BlmAdE BIOSHA AFEE in

—terrupt7} obd AA oA TEZ interrupt descriptore] &3] o9 AHz]7b o] Fol AT}

B<25>04E BIOS o @ ool Ael el frrclA frEolA AL oo A S H sl
B.gHHA)

31) 80386== 138 QF-aL¥FA} 169 page ¥z



2 g (x7]3)

o4 A 23R
a urmp
JFF 100111 +
7FE 100111
! vz 25 qmE ‘“ﬁgﬁm
5 page tahle 4K =
401 100111
100111
b it + start_mem (memory start)-
1M
SFF Ton1 1] 000
=2 M2 & 4
= H% page table
1 100111
o 100111
) 2000
Oz 1 000+5k
21000
<192.32>

€ INT 8 ~ INT 157+4 9] o] A
BIOS#H9] Ul &< IBMelAl HARAWARES} BIOSE 93] vE4.
7.

At HIRES 995 INTELA A%
E3eE 93 PC SOURCE BOOK-H]ZE o A ]

32) BIOS 9} W]3L HEE-E



U2 Ad e R sHE=2

20

IRQES Y& INTIhumlE £7]A oW HIRToA UZE 7= ZE3)
2| SA20AME setup.SOIA O|EE A % 2 Y=L}
INT H3 BIOS LINUX Y] Il
0 DIVIDE ERROR DIVIDE ERROR
1 SINGLE STEP DEBUG
2 NMI NMI
3 BREAK POINT INT3
4 OVERFLOW OVERFLOW
5 PRINT SCREEN BOUNDS
6 RESERVED INVALID_OP
7 RESERVED DEVICE_NOT_AVAILABLE
8 TIME SERVICE DOUBLE_FAULT IRQO TIMER 0
9 KEYBOARD SERVICE COPROCESSOR_SEGMENT IRQ1
_OVERUN
10 (0AH) | RESERVED INVALID_TSS IRQ2 slave 8259A
11 (OBH) | COM2 SEGMENT_NOT_PRESENT IRQ3
12 (OCH) | COM1 STACK_SEGMENT IRQ4
13 (ODH) | HARD DISK SERVICE GENERAL_PROTECTION IRQ5
/PRINTER SERVICE PC:DISK ADAPTOR
ATLPT2
14 (OEH) | FLOPPY DISK SERVICE PAGE_FAULT IRQ6
15 (OFH) | PRINTER SERVICE RESERVED IRQ7 LPT1

16 (10H) | VIDEO I/O COPROCESSOR_ERROR

17 (11H) | 7171 1/O ALIGNMENT_CHECK

<32.5>

2) BIOS® &% A o 9xa] v w3’

INT 0 : DIVEHel 9% Urrlely] WA 3=
<d> O EE 02 UE7RE %

3) te Bue Busiac)
Ralf Brown2] interrupt list v42, 2}
80386 programing ¢Z-Z3tx}, g
The Undocumeted PC-Wesley (7} w2 & Fsldct.)

Blown?] list& PCEAISS Z3] 784 A

fd
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@ Yrled ol S0l register 7S ol AT 4§

B|SA0ME SIGFPE signal2 current process0Ol| EUiCH

INT 1 :
@ SINGLE STEP
flagell TF(trap flag)7} set®H z} W&ol thgof WA ST
MS-DOS®] debugger®] T HWHAH /]9 BWH7t FdEE FF S F4 =0

AFEE g 9t
@ DEBUGGING EXCEPTION
386014 7)E o)A A% ™ dubugger program® #HEH o2 71A] Ao o
Ay,
2|20 ME XA HelBl ZE ALESHY trap signal€ Z2AM A0 EHCEL
(SIGTRAPZ defaultz =S X|)
userol 2|sll trap handler?t Hol=|RACtH
2 =7} kernel mode@! A do7(debugger registenE clear® A% & EIC

=TI} user mode?! ARE HAS 9.

0l

INT 2 : Non-Maskable interruptr] 224,
B|S2A0AME HX 23 MAMA &=,

INT 3 : 1 byte breakpoint 3ol o8] LA (SOFT-ICEZ9 debuggerel A Al-&.)
B|SA0AME= SIGTRAP signalE current processOll =L}
descriptor Z4JA| dpl=30| =[O0 user processOA 0|& 7}s.

INT 4 : OF flag7} set® ¢l2w INTO(On Overflow Call Interrupt Procedure)39™ & o] <=8
of 93] WS}
2|5 A0 AME SIGSEGY signal current processOf = H T}
descriptor A Al dpl=30] E/0{ user processOlA 0|& 7ts.

INT 5 : BOUND W&ol M HAZzTe o] At}
2|5 A0 AME SIGSEGY signal current processOf = H T}
descriptor Z4JA| dpl=30| =[O0 user processOA 0|& 7}s.

34) 386 Pl HF HaL.
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INT 6 :

INT 7 :

INT 8 :

INT 9 :

¢ ©] ¢l IBMS BIOSel 9¢ 7153 INTELelA F-oig 750 FPsts ANA

of) &] o] T}.35)

BIOSel €% PRINT SCREEN7| % INTEL¢] 2ol BOUND750] glon o&
2860] % 71 Foll gk AL},

PRINT SCREEN 7]%& IRQ 1(8]520lA = INT 0x21)9 KEYBOARD interrupt
handlere] ZEE dolEo 24 o] 7|5& TS Q)36

(kernel 1.0¢14&= PRINT SCREEN¢] A9 x ¢k&)

H& o] op code errorell 93] WA,

2| S20|AM e SIGILL signal& current processol =ML}

coprocessor A
Bl SA0ME SIGSEGV signal current processOfl = HC}

Sytem TimerZA] IRQ 0¢] A= o] ).

o] oQl= WS DOUBLE FAULTo|AM %= wHAIST), RE o 9l7F DOUBLE FAULTE

01 Oy]x]‘—— [N ]q_

04194 WA= T26> JogdEsE AE Fo ® sy wHAdst® DOUBLE FAULT
Ql o 71t} .37

INT num FAULT Description

Divide Error

Invalid Task State Segment(TSS)
Segment not present

Stack fault

General Protection Fault(GPF)
Page Fault

oliwli@liesih-3i=

<{32.6>

Bl SA0ME SIGSEGV signal current processOfl = HC}

KeyboardZ A IRQ 1o 1A= 9t}

35) The Undocumented PC-Wesley 217 pageZ=®
36) The Undocumented PC-Wesley 706 page X%
37) The Undocumented PC-Wesley Table 7-4
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E9F 80286/80386 Protected modecll A coprocessor™ & o] 7} coprocessorel] H &= o,
page & segment 3ol &3 wAgsT)

8048601 A= o] Ze] INT ODhE & A Z .

B|SA0ME SIGFPE signal2 current process0Ol| EUiCH

INT 10 : PIC 8259A¢] cascade®] AF-&.
2860] % 7]1F ol & task switch®$tel MM Z& TSS7F EVF81A] kS A shoy,
2|5 A0 AME SIGSEGY signal current processOf = H T}

INT 11 : serial port?] com2,comd® A IRQ 39 14.
Lk 28607 Ee BRI R oA load® segment’t Al AEle] E£A]8A] oFSw
S xl=g
2| sA0AE SIGSEGV signal& current processO| = HCE,
IBM 3st=¢ojol 93t IRQ 47153 CPUe| 93k segment not present’] 5 &
3tx] gkt ol Ae AlAHEe] o3 ISR(In Servie Register)E FAFSE Aol 293

7} 8} 9

INT 12 : serial port?l coml,com3ZA4 IRQ 49 ¢14.
oF 28604 7]EFe] B3 HEEoA stack segment WA A] limit violationo] &3] 2
cla=
2|5 A0 AME SIGSEGY signal current processOf = H T}

IBM st=gojeo] 9§t IRQ7]5 3 CPUe| 9§+ stack exception”’]%& =E31# ¢
=t} o]Z& AlAHe] & ISR(In Servie Register)E FAlslE Ao 93] 71538}

=8

INT 13 : hard disk®4 IRQ 5 ¢ 4.
S 2860147159 HI R T AMzEst o857 CPUe 93] A= kA sy,
2|5 A0 AME SIGSEGY signal current processOf = H T}

INT 14 : floppy diskette2A IRQ 63 ¢4,
TSk 3860|471 F oA paging Al AEQ page access of HA] WA TR
Bl SA0AME page falut handler 8.

INT 15 : printer®4 IRQ 7% 4.

38) The Undocumented PC-Wesley
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Bl SA0ME SIGSEGV signal current processOfl = HC}

INT 16 : vedio¥t5=oll thst access ¥ coprocessor errore] €& 2A83gkc),

2| S 20l = do_coprocessor_error hadler 8.

INT 17 : BIOSQ] POSTe| 93] eguipment configurationS w28 40:10hF 4ol return.
ot 804860]4d7]1Eol - AC flags setdlS 79 w28l alignmentel 2o <] 3]
n} A 5
2| 52 0A= SIGSEGV signal€ current processo| =ML}

HoRtexs SdgHoe] 012302 WyrolA gled X7t 2&45 Sdudo] v g

2o AE 07 39E AF&3lEd 02 kernel modeE, 3 user mode°ﬂ ZHgHEy, Edydoe] v
o5 FIEFPo] &AVHE gateE AR oF S}t ZF user modeo] A kernel

mode®2 HAL3t7] YA gateE FH3sloF sl 817 HSIAM = user process®t wFEIIA R

gate?] EH@ YU E 30]cof gt}

B REolM AFSHe gates U3 o] 47FA7)F At}

Olt

call gate
task gate
trap gate
interrupt gate
o] TEohE 84 THE 54849 AL typeoldt.

o}

8] =%t descriptor @S i =4

o
< /include/asm/system.h®] -2 F-o]t},

=
oN
=
#define set_intr_gate(n,addr) \

_set_gate(&idt[n], 14, 0, addr)

#define set_trap_gate(n,addr) \
_set_gate(&idt[n], 15, 0, addr)

#define set_system_gate(n,addr) \
_set_gate(&idt[n], 15, 3, addr)
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#define set_call_gate(a,addr) \
_set_gate(a, 12, 3, addr)

task gatet® LDTUY IDTol FF8tn], TASKAEHS 93] AMEE 5 lEd A4 g molAE o
L5 A ot} GEmAolA call gates LDTol &default_Idt pointer?} 2+53$F}. user process
o o HLol 7EdEEF dple] 39 T—,O}X}. trap gate®l interrupt gate® Aol wiA=
7}5% interruptE A olske= IF flage]l tish HFE o]t} interrupt gates IF flagE disableAl 45
Qe W, trap gater ¥ A XT3, wWEkA trap handlerT 3% ©HA] trape] WART I}
Zolth INT 8¢ double faultE #Hi31s}e}.

2o A& trap gateE interrupt table(idt® <))& setdtr] &l AF-&3%H. interrupt tabled
o] de|A tFE A FET 8FolH YE system callS A dl7] ¢35 INT 0x80o %
Uxlth system call®] 7Z-$E user process7} HZdF7] Y& &4 dpl=3o|v, ¢ Xl INT
3,4,570] dplo] 3olth. 9 "WlERE set_system_gate’} ©]E $3] AEAY. sl
intruppt gate IRQ hander® setdl=d] A2E U IRQYEAAE = 4 dpl=0% = EdA
T RS FEAL

¢

%

32

i)
Hr l‘ll‘ r

gate type | Linuxoll A ¢ A& ] 3L
call gate 12 | LDTOl &F
task gate 5 | OJALE offsetS AM&3FA] =t
trap gate 15 | interrupt table
interrupt gate 14 | IRQ handler disable IF

<HE2.7> Linuxol] A 9] gate AM-&

4) trap handlerE setsts 74,

@ trap.c¥ DO_ERRORY Wiz =7t ##=HA INT 12,1416 A|e]e UM A trap handler
= Ao

@ INT 1,214,162 Z+t7z} do_nmi, do_debug, do_page_fault, do_coprocessor_error & & 9|
trap handler7} ¥t}

@ <ol M ignore_int® %7]3F P headS9 idtdH 9 HSHEH 48HAVIA S trapS 3%
interrupt descriptor® A2 t}.

39) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 145 page



5) trap handler7} 35 & 74,

D o gel= CPU 98] BwAstE error code?t A+ AT ¢+ Ao Q)40
e A9 gE Aol Wit o9 WA stacke] EolrtE Y&olE oF7F xfo]7) Qo
E<2.8>L8 803864 %] error coded] -FFE vEbdTHAD

INT H3E o & oy aE §F

0 DIVIDE ERROR NO

1 DEBUG NO

3 INT3 NO

4 OVERFLOW NO

5 BOUND NO

6 INVALID OP NO

7 DEVICE NOT AVAIL NO

8 DOUBLE FAULT YES(Z 0)
9 SEGMENT OVERRUN NO

10 INVALID TSS YES

11 SEGMENT NOT PRESENT YES

12 STACK EXECPTION YES

13 GENERAL PROTECTION YES

14 PAGE FAULT NO

16 COPROCESSOR ERROR

<HE2.8>

@ FE<28>°lA error code?t gl Aol Wi B AelXE defaultghe = 02 w=vh 19
] handler9] offsets stackel push3l”] el push $07F A}
AdgHo g a3P<230>3 T stack AElel A handler’} calld vl welr cHo = #o
21 do_page_fault, do_nmi, do_debug,...(trap.c)5 2 handlere] W] oE ptregt XA
pointer$} error code7} oJE 7 o] FolAE &4 9t}

40) 80386 ==
41) 80386 ==

7.4 error code & %R

7.3 & H2.
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ORIG EAX+
EBX +— Handler Offzet
F3
E3
s
EAX
EEF
EDI DB7-0
E3l
EL
ECH
EBX
]

EDX

LB

+ ESP

1]

<229 230> handler calldl7] A72] SP ¢4

389<230>A 07 o] 7HAE error code’t gl deHAde 7 9oly, o] e A

A2 CPUAA Bl error code?} Sof7kt},
2.5.8 init_IRQ
1) IRQE 9%t interrupt handlerE2S setdts 74,

irq.c® BUILD_IRQ wl=gE9 3o 9842 interrupt[16]M <29 IRQO_interrupt ~ IRQL5
_interrupt®}, fast interrupt[16]¥] € 2] fast IRQO_interrupt ~ fast_ IRQ15_interrupt®}, bad_
interrupt[16]¥] & 9] bad_IRQO_interrupt ~ bad_IRQ15_interrupt®] handler7} 7 ¢ o},
heas.Sol A IRQES %t interruptt 5.2 INT 0x20 ~ INT 0x2F&2 &7 02 o]5S 3%
interrupt descriptorg-2 _idtel A 0x20 A HH Sol7hA "o

2) include/asm/irq.h® BUILD_IRQ wl =& o] 93] 1)elA] 7143t A £F9 wjmzEo] s
At} o]Eo 93 do IRQS fast do IRQEF7F S&FH T},
dE Ho] sty Aazm HZeo] sk 4139 IRQ 57 HAsE ARE U2 7.

O dutrow ojwdt BdoA datas dol EYulE block(IKHH = ¢evt 2 Ad 3
b

readd7F 3E&2E T A3

42) BUILD_IRQ mjaEe] 2]+ include/asm/irg.hol Qith
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@ A% hdoutOd7} =%, SET_INTR wjaZ 2] 93 DEVICE_INTR=read_intr
o] ¥ (blk.hel &3] A= do_hd()a}t 8k kerneld o] git)),
hard diskE AoJste WHAE portE: F3 BHuUlA =3, Of If IRQ 1441S71 EFASHCE
v AEe2 do IRQY fast do IRQ7} &= 3 ¢olo] hdclel AYH sigactiont+3=
Aol 28] sa->sa_handler®l hd_interruptO)7} &t}
DEVICE _INTR®! read_intr(o]#he &7t &% sdolA dloletE ¢l =t

LI

applicaton kernel
——b‘ hread|—b| Il_rw_blk |—b|du_hd_rt:quest|—b|hd_nut |
by user portol data g7
39 out
read_intr [«—|hd_interrupt|+—| do_fast IRQ +—|RQ14
haol 4 glo| 5 9 RO A

<1¥2.31> hard diskellA gojEol= AR,

3) ACK_FIRST ¢ UNBLK_FIRSTE 8259A ¢ master chipell th$t ZolH, ACK_SECOND ¢}

UNBLK_SECOND+< 8259A9] slave chipell thgk 7 o]},
ACK_##chip< irgAl 3.5 ¥3kth=(Acknowledge) A 3.2 4 3|9 irgE disableA] 7] 31, EOI(End
of Interrupt)® W(issue)®tt}. EOIE= hardware interrupt service routine® Zolx 1w
ste ACRE, AHPE AEZHPIOZE 71 JHHPES Bolso]lvx gt slavee] o3l A
£ WA EE A(Ohe] EOIZ Walx A # 2 EE 20he]| EOIE Wt 4)
EOIE Wdl= A2 ZE 0x202t 0xA00| 0x208 outt2 24 O|Fo{ZICt

mov 0x20,al

out al, 0x20

out al, OxAo
UNBLK_##chipg irge] i3t handler’} 8= 9022 Al 3] ZFirgE enabler] 71t}

4) fast_IRQ_interrupt®} IRQ_interrupt, bad_IRQ_interrupte] =}o]

@ bad_IRQ_interrupt= ¥3tA] =@ FA7F Qe g7t obd7A-9) irgAl 37 SRS 7
D irg® ACK ##chipe] 93] disableAl 7)1 irgel w3+ handler®=3 &n]5 o] A

) A% 9207} file Q8ul ABIIE read R4 AU AAS THEC
44) The Undocumented PC 823, 827 page
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gorm ug #AYL oA &+
init_IRQ) =2 HFEA 2E irg=0ll Oiol default2 T2 0[ZE setAlZICH.
@ fast_IRQ_interrupt®t bad_IRQ_interrupte %7] #A2E S AA37] ¢9s] SAVE M
OSTE AME3hH, IRQ_interruptel & SAVE_ALLS AR&$Hd),
IRQ_interruptE handlere] w3t callo] 92 &, system callX]$} ZEU&A ret_from_sys
call routine® E©]7}4 signal check?} o] Fo]F ¥ irq service routineo] Ewhr}, whElA
ret_from_syscall ZEX Q75 EE #ALEHI savedH . 28U fast IRQ_interrupt
handler calldt ¥ Hlz Zu7] wjZe] cdol® #o7] handlere] #QF AT
savedtt},

L

=
KN
=

@ IRQ_interruptE stid Hojol 28] handlerE &= ol % interruptZ} AdelA o}

@ <3E29> o IRQ_interrupt®t fast IRQ interrupts AM-23E unlo] o] sl L oks]
o] St
w2 ALyl @3 5E hard diskserial line=-2 fast_IRQ_interrupts AF&3lH, Aol
Ao g AHegldrrl § 279+ keyboard timer$-2 IRQ_interruptS AF-E%Hc}.

fast_IRQ_interrupt IRQ_interrupt
hard disk keyboard
CD Rom mouse
serial line timer
floppy COPIrocessor
line printer

<32.9>

—o

HAZTAHE 7240 % pollingA o] A 7 interruptE A W3teE 7125 Al&st= 4
£ fast_IRQ_interruptS A2} 49  library 59 joctl(lp_ioctlO®2 o] o] Zt})d]
IRQSET cmd(parameter B&E)e] 28] irgAl 3o 23 interrupttdd Z@E7E AL27Hs
[R=

2

5) irgaction®t-¢} request_irqEH5-

45) GNU kernel hacker guide
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B2

D request_irq T+ irg H3 9 handler® parameter® WolA sigaction struct® field s

sa_flag= SA_INTERRUPT® 7% ]2 irq9 service routine®] fast_IRQ_interrupt’} #
t}. sa_mask(l:enable)= 3|3 irq7} enabled A& EFAT
request_irq O[AlE sa_flag& 022 57| WZ0, 0 &0 2o irqE enableA[7[H

.
1= o

0| irqQ| service routine® IRQ_interrupt’} =l
sigaction struct fieldgt&S A& irqactionr= 3=

o

o

@ irgaction S+ irg H3 9 sigaction T+X2AE ol FF irgE enableA] 7] .
sa_maskE 1% setd}o] ©] irq7} enable’d el S HAISFaL, sa_flagel 93 A3 irq ser

-vice routine2 A3, irqE enableA] 71t
6) IRQ 2
IRQ 2& <78 232>0A] BE Hl9 Zo] masterol A slavedt 928 s AFH)
o] IRQ 2& cascaded iy ¥ =% s},

IRQ 2 A3 & AMEE A o2 ignore_IRQ struct®] no_actionS handler® set$ht}.

7) W71 719k PICSF CPUS A4,
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Key Board
FIRGD RS
FIEL i
CPU 4 5 F— FIBEIL0
N Y PIC el FIC Ll
master [rpeg slave Lz
FTERS FIRCLA
s LIl
I FIRGILS
r? = Adapter Card

backplane

<182.32> PICS} keyboard®] 414

D keyboard® IRQ13} A5 o gt}
87} keyboard®] keyE FE2W IRQIAIZ7} PICe] HAg= i PICE IRQIE INT 0x212
ulito] CPUe A AE=, CPUE o] INT 0x21& Al-2389 kenell 9 irq handler® 53
=
gl g2l A irgE INT 0x2lell Ak ghvhs, =& INT 0x099] AHHE #HE ol o3
BIOSo| A Al F3H interrupt handler7} 43 E 7l o] o},
IRQ 1M1&= P27t keydEHA| key?t =N ES U2t keyE =2, T 28 MYEICLD

@ 2L irq7t B sEeof(Bol W 7| RE Sy AmE) FH 7)o B,

I8 irgZE ol adapter card( & porty} net cardE)9 1A o] 71538 == motherboard
¢) backplaneite] EojodE 9% 9t IRQ 57F 2 tfEAQ oo|th 4D

46) BT} ALAEE 82 113 ol A] keyboard handler®} & 243},
47) The Undocumented PC2] 812 pageoll= IRQ 5 21Zo] 2]&} PIC2} CPUL] ZZlo]
M8 Zl&E el 3Tt
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259 sched_init (kernel/sched.c)

o71ME 27138 AAwhe AP ol el Ud AAMT =& 6F ZEMA 2E| oA H=EA
=

1) timerE $J ¢t bottom half routine set.(timer_bh¥3=)

2) first task(task[0] or init_task) descriptor set.
o] taskT INIT_TASK %7]gk(schedh)o.2 x7]|3}¥ ]},

struct task_struct init_task = INIT_TASK:

init task®E $3F 9 process7t P&, FHH7] A3 At
start_kernel(init/main.c) ZX¢] S E-ol|A4 init processE forksti PF kernele F3F loop
E EA "}t o] F¢ loop”t init taske]t}.

for(::)
idle():

o] taske sys_idle(mm/swap.c)ell 3 =¥ v}

asmlinkage int sys_idle(void)
{
need_resched = 1;
return O;
}

T2l process’t §1O.H init taske A E process’t AZAW7LA kernel A L34 sche
—dulers FEFTH init taskes FAAE ¢kow, AAANZTE, FEAATFE Atk AA pro
—-cess7} ol kernel] @] routineo] 7] wji= o]t}

init_task2t scheduleril tisiA= 62 Z2MA Z2[0M o =2|#ICt.

48) init task:= swapperZ}l1 & EZ|<Tl. 28} Linuxo A= swappingS 93l init task”’} 3}
= A2 9t o)y WAL wA AALAS] o] o L ABtaL st} (hacker’ guide)

Linuxoj| A= init taskE $|3} page directory™ < swapper_pg_dirZ Tt}
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3) first local(for task[0]) descriptor set.
2514l =23k L descriptor’} set®t}l IdtZA NULLo] &oZ AglelE o]zle] =
oy 71A #H}

+= &default_Idt
type =12 dpl=3

KERNEL_CS Icall? offset

<1¥2.36>
FoAHE AF3 %0l taskelH o] Ae] TEHA HYE F2& oA ke

4) set_system_gate

8ZF Al2E Z oA dHt

5 YmMA 1277 task® 9 tss, dt7f 02 X7])5HE Y

typedef struct desc_struct {
unsigned long a, b
} desc_table[256]:
struct desc_struct *p:

Alzdo] FAle] =R e HU taskTE 1287H(NR_TASK)|t.



ku
N
flr
N

00 00 0 | 00
00 00

00 00 0 | 00
00 00

task [0]
default_ldt

0 | 00 0 | 00
00 00

00 00 00 | 00
00 00

<3E2.10> task[0]®] TSSe LDT

entry 6

entry 7

TSS 0

LTD 0
oo BT

0= z=7]3

13 <2.34>F tss descriptor selector, tss descripor, TSS9l #AE Jeh gt
= tss.trolli= TSS selector”} &9 7+,

Z(equal A 9} & Y Y

T3E selector

tagk[ ] desc -—I_.

GDT

<1E2.34>

struct tss

struct task

— task[0]

tss. i

TSS
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task[0]19] descriptore task_struct7} obyl, tss_structZ 7} 71tk A= TSS selectorel] ¢
3] TSSo] A5 At} taskMEA| process= task descriptorOf 2|5l tss LHSE ZAl
(save or load) &= UL

task[O]->tss.trel = execell 93] process?t 7] E&uw] TSS descriptor® 7F&] 71 & TSS select
—orgke] Eol7hE 7193k

6) & %2 process? task[0]9] TSS¢ LDTE trtask register), ldtrel Z+7+ loaddttt.
7) 8254 timerEs % 7] 3hetu}

100Hz(HZ=100)A %= ¢ F7]|E timer interrupt’} TAst=u olw] T35 +E interrupt handler
£ do_timer(sched.c)o] t}.

system timer 8264¢lA AlFshE EE+v 671419 mode?t YTt o] F F-oHs] ALH o=z
CPU interrupt® WAl 7= moder mode 2, mode 30|t} #5225 mode 25 A28},
MINIX 9] 72 mode 3& A&t} system programmer?} A28l 9] 9ol F mo
-de® & #ol7t gloh 9971 A& mode 20 o3 A ekt

system timere 1.1932MHZF7] % clocke] &gt} 8E clockT7] & o]-%3}lY interrupt
pulseE WAA I E 3FE programming & AT} o] A2 11932002 A P39 gto gz o
Zo g M o]RoAEY, 1 S countFHa FE

o E o, count’} 60l&FH 69 clock F7]vt} pulseZt AT countghe 5ollA Al #+e}
of A& Foj7lt}rl 00] W pulseE LA 713 YA count= 60 .

clock
out u u

count |5 1413 12/1/05/41312/1/0(514]32

pulseZ} WA A timer interrupt handler7b 3 ¥ T g5 AE countghe] 11932(LATCH)
24 HZ=100F"7] % interrupt’} A# =53},

outb_p(LATCH & Oxff , 0x40); /% LSB */
outb(LATCH >> 8 , 0x40); /% MSB */

3¢

49) The Undocumented PC  Chapter 16. SYSTEM TIMER 2%,
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8) BSD(binary coded decimal)®} binary
dataZ vlZE el A3t W2 el BSDS} binaryT7FA #4 o] At
binary®#4 2 163142 datas A& AL L3ta, BSDE 103152 AFA A= A
Wttt BSD+ tA] packed®) unpackedd s F7FAl WA o] Yt vhg WS H 31850
11932000] &= £AE AZste A4S o= &9

106 105 104 103 102 101 100 <byte address
0’ 0’ 191 3 g’ K 1’ ‘

< Unpacked BSD= A3 >

unpacked®W | & = A (string) § el 2 A AH o}

104 103 102 101 100 <hbyte address
L Jof [20[9 31 1]

< packed BSD= A& >

packed®2 el M+= binary el H]S3FA W, 0x0A ~ O0F& AFE3HA g4

BE22 hinaryE AM2381A T BSDE Al&-38lE programEe] ¢t}
222 ol CMOS RAMel datas AAsle WHolth FHA ] g3 A= CMOS
RAMel & hard disk,memory,times o] #3t system@ B 7 59 Y.

H ol

time_init(kernel/time.c) ZEE #2314 o] 3ol & kernelolA 9 A|7+#EE 23 F
HAl CMOS RAMSE] BSDZYE<S 9o binary® H}Eo] 712 A # ),

9) timer moded* oA 16 bit mode# countZ AFE3dH=dl o] 8 bitE AFE3l=1f, 16 bitE A}
3l UE JEAY 8 bitE AMESHE A5 old byte?HE AME8HE LSB(least significant
byte) mode$} 9 byte¥HS Al&3E MSB(most significant byte) modeZ} vl AF-&381x] @
= U9 XA 1 byteE portell count= A E2u 02 3o}

10) timer interrupt handler® do_timer3+g= A A st}

hd

50) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 18page
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2.5.10 parse_options
LILOZ REA] "boot:” TEZE 1}£2] commandE 4] (parsing)$+F F4W 2 setupdhtt
2.5.11 kmalloc_init

9] FTZAE malloc?] EE pageel MlEHTAFARE Soj71A Ao}

struct page_descriptor {
struct page_descriptor *next;
struct block_header *firstfree:;
int order:

int nfree;

kmalloc(size,priority) 3. & ol A= &30 279 +E sized Wl & block=Z7| & AME3HA Ho
ol wWlRale L&A AFES $% Aol sizert 10000]#HA sizes[blell 3@ = blocksizeS!
1020byte”} &€ Zoly. kmallocx7|8lel = 9 sizes HlEE9°] (size X nblocks +
page_descripor™7]) 1 pageZ7](4096byte) .t} 224 &2t} kmalloc 2=+ 73 d&Ey #
g oAl HEY

kmalloc_init2 start_memoryO= FeFES 0O|X[ X <

rr

Ct.

struct size_descriptor {
struct page_descriptor x*firstfree;
int size:
int nblocks:;

int nmallocs:
int nfrees:
int nbytesmalloced:

int npages:

¥

struct size_descriptor sizes[] = { /% gsize X nblocks =/
{ NULL, 32,127, 0,0,0,0 1}, /% 4064 %/
{ NULL, 64, 63, 0,0,0,0 1}, /% 4032 %/
{ NULL, 128, 31, 0,0,0,0 1}, /% 3968 %/
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{ NULL, 252, 16, 0,0,0,0 1}, /* 4032 */
{ NULL, 508, 8, 0,0,0,0 1}, /* 4064 */
{ NULL, 1020, 4, 0,0,0,0 1}, /* 4080 */
{ NULL,2040, 2, 0,0,0,0 1, /* 4080 */
{ NULL, 4080, 1, 0,0,0,0 1}, /* 4080 */
{ NOLL, O, O, 0,0,0,01} /% 0 */

2.5.12 chr_dev_init

o

=

= Acharacter) deviceg2S %7]3}

1) register_chrdev (fs/devices.c)

vl 28 deviceE SE 39

#define MEM_MAJOR 1 /% major.h =/

int register_chrdev(unsigned int major, const char #* name, struct file_operations
xfops)

if (major >= MAX_CHRDEV)
return -EINVAL;

if (chrdevs[major]. fops)
return -EBUSY;

chrdevs[major]. name = name;

~
3

major=1, name= "mem” */

3¢

chrdevs[major]. fops = fops: /* fops = memory_fops */

return 0O’

static struct file_operations memory_fops = {

NULL, /% lseek x/
NULL, /% read */
NULL, /% Write x/
NULL, /% readdir */
NULL, /% select */

NULL, /% ioctl */
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NULL, /% mmap %/

memory_open, /% just a selector for the real open %/
NULL, /% release */

NULL /% fsync %/

vl 28 device file(/dev/mem, /dev/ram, /dev/null’s)ES open®@# 12 3% memory_opendhs
7} 2138k Zhzbe]| th$t file operation$ S-S A Sk}

2) + tty_init terminal % 7|3}
con_init console #7]3}
rs_init RS-232C terminal## %7] 3},
1278 Hold A|&ZeA dET

3) kbd_init
118 7|22 A[&EM BEY.

4) Ip_init
line printer &7]3}, 10344 &4

2.5.13 blk_dev_init

block deviceE2 Z7]|3}3t},

block devicer ## deviceSh= 2 buffer cacheZ AMESHT #A ¢)7], 275 ol WA

bufferE Aoz A HT. FHoke]| o] block deviceoel A ¢&#z 18, 1 -&o] bufferel

AeEAE A% 3 o auAof deviceel A e ¢l U822 buffere] WA &7 A #

. o] & buffer°ﬂ/\1 S5+ W&ol buffer cacheol QEAS ool we} AA deviceZ

accessshe A = FEZE strategy routineo] #Fl g},

I A, block devicew H3le A9 datas FoezT ¢ 2 o A device
data7} €82 3ol fﬂEﬂoﬂ/ﬂ AVWOE A dataol djs] 5oz #]]e] o] Fof A

A4 %74 (syncronous) o] &

o). block device® AME-E

N
N
)
N
)
o
St
r]:‘.

4% rir
2
Q,
_n
e
i
X,
2i
Q,
=2
> O
(@R
s
fab
o
I
R
N
N
>
N
N,
o
2
o
0
£
rir

st 18 ek2 block device: Y% 7]4 (asyncronous)e] 2
olg} o A4%E dataE buffere] v]8 &#ES9 Ut} (breadadt

8 a1, filesystem2 block deviceol 5t =44 9

SO
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1) requestTtZ A wld =73

Q3= AL request®rar $hot

buffer’} ol AAldeviceE oz 2SS 3 4

o

static struct request all_requests[NR_REQUEST]:

read only deviceol sl E v wdol 3| bit7} set® o
static long ro_bits[MAX_BLKDEVI[81:

322 request=FA Y read only bitE %7]3slE FEo|u.

req = all_requests + NR_REQUEST:

while (—-req >= all_requests) {
reg->dev = -1;
reg->next = NULL;

}
memset(ro_bits, 0, sizeof (ro_bits));

2) hd_initdV

o ol FojAlt

A deviceE 53}

flo

Azt 7

rir

int register_blkdev(unsigned int major, const char * name, struct file_operations *fops)

{
if (major >= MAX_BLKDEV)
return -EINVAL;
if (blkdevs[major]. fops)
return -EBUSY;
blkdevs[major].name = name:;
blkdevs[major]. fops = fops:

return 0O’

uUn A #edegsel vt &2 108 ClHiolA =E8t0[H oA =98,

51) EXo]|A= block deviceE% hard diskof T3t
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2.5.14 calibrate_delay

1Zef 7] (decdH)E E@HEF YJ-UE processord £5= At o] UgdgsE  delaydt
= HA (delay.h) loopsgks 14 7+AA1 919 looping S A&},

extern __inline__ void __delay(int loops)
{
__asm__(".align 2,0x90\nl:\tdecl %0\n\tjns 1b": :"a” (loops):"ax”):

loopsZhs 13E Al&slA 2914 ( loops_per_sec << 1 ) E7IA A7, delaystEd] 1xo]4 A
w7l AL}, 1320]4 ( ticks >= HZ ) 28] 7] Y3 A= loops_per_secike] dulr} = ofof
StEAE U, e A6 93, 1271 d87] 93 L=+ loops_per_secghS EeHH

- loops_per_sec X HZ
Ak
1x%F9+9] loopd =] = ticks

o] ZhS 50000022 Y= Aol BogoMipsi¥o|tt,

BogoMips= E|SAE WSt LinusM| 7t #OtSH processor 5= & H[SHY| @[St EelolCt. =Lt

I
AtMet &2t of2 processor=2| BogoMipszfZ 27[%lsH A= bogomips.howtoE &Z16t7| HIE
Ct.
2.5.15 inode_init (fs/inode.c), file_table_init (fs/filetable.c)
ol Eof thal = 53 TtUAIAEA =9,

2.5.16 mem_init

memory map= T o] 322 3 page’l AFEFAA, AFREA, 28] AJAES 9F w1

= (reserved) ¥ ] JQEAZ 7T},

1) high_memory(H| 28] & : AJA"Ho] A2¥H RAM=A7], A SME o= $t})2 page 9

52) loops_per_sec : ticks = $&|7} &&= 3} : HZ
53) BogoMips : Bogus Millions of instruction per second
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% maskd}tal, start_mem= 16 byte™$ 2 align.

2) tmpe 2 khyte (page’d <)

3) 4 ZEE reserveddHl (MAP_PAGE_RESERVED)®E %7]3}¢tt}. o] & kernel & vho] res
—ervedM | E 54 ). reserved’tEl el &= pages user processolAl g ol g glow,

swapping ¥ A & k=1,

et init F start mem=p

MAP_PAGE_RESERVED
MAP_PAGE_RESERVED

2043 i (tmp

MAP_PAGE_EESERVED -
3-7) start_mero+— roetn_map

SCEEE SIFE
for console

<1¥2.35>

4) AfFA AHE7HET RES freed ot 2402 mem_maplldelA 02 =t 13 <2.36>

oA HF3 FEL2 freedH.

- start mem
MEM_MAP

— TSI Inap

40000k = 640k

4— lowr_memory_start
| 4%

memory A 2}

<192.36> free page
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5) code page, data page, reserved page, free page® = display.

ool oot wixg Hfs 1HLIT>IH Ay

FEEE free page
kermnel & 7] T} [
[devvice_imit-5) data page
+—rend
karmel data
—ratert R
kemel code code page
+— 11 —F
EIOS reserved
— G0 —
FEEE free page
ol o —freserved

<19 237> mem_mapx7] 3}

free page? 739, EE free paged A 4bytet® U free paged F44E 71871, free

page_liste 7HE & 49 free page(27]eE F47F 8M-4k&l page)E 7He 71t A
free pages AlE8ulE 7M=& Fa(E71Y 99 free page7t WA AEE L
-ge_list= Y page?l SM-S8K¥ A E 7187 A H} . (get_free_pageSta #3)

31, free_pa

6) WP(Write protect in supervisor mode) bit

eflag®] WP bite 486014 A U= bitEA, 486014 o] bit7} 10]H, READ ONLY/ef sl
pageE A¥ kernelo] 27 #&AYS T3 X page faultZ} BT A, page fault
handler’7} =3 % 1, handlers wp_works_okgk< 12 wHET 8038601& o] bit7} &4 0ot}
T A 38691 A& user modeol A ¥ write proctect”} 3 H T},

54) free page7} Ao} QUE&AJo= &
page F47} So7ith. & 0x20005 40
t}.

fr "

49| page®] 3 4byteo]| HIE TS W& F49
0x1000k0], 0x3000% ol 0x2000k0] Soi3)
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2.5.17 buffer_init

4%, HIY FHploll A gt

2.5.18 time_init

o 71+ kernele] #&l & d4 AlZS CMOS memoryE %3 =t}

PCell= 9tolA] ™S system timer 8255 chip® o= MC146818A chipl & o] Fo]Z Real
Time Clock(RTC)¢] Qlth. CMOS memoryelE o217k system data7} 7155 &,

CMOS chip W#el @AA M §A8HE RTCE E£3etar Jvh RTCE H o] A7 g
AE S3A6 g3 dAAIre] fA"FY. BE RTC dAAHEL BCDE (format)S AHE- g},

RTCE vz AlZbo] utdwiuirt g AH A Zhghs ZAAlst=d, 7 59 dedAay A9
bit 72 setdtth. ZHA FEE R AEH A9 bit 70] set¥H o] dEFoH user7} Al 7S ¢S a 8)
wHodES 21S 925 Ik bit 72 9F 2 microsecond7tEF setF THA] non-setAE 7 E =4,
kernel o] AZtS HdA FAAI S o= setel A non-setZ BME BlE O &7HHFH 9
7] A1z

ofefjo] o€y AR ¥ FEE 9} e HFHO T AlEHE Aoz HES A4S AV F

=
WA o)t 1x ool AlZhe 2¥ ¢ o
H

=
bit 7 & AM&etE Ao® ARAEE BN

for (i = 0 ; i < 1000000 ; i++) /* may take up to 1 second... */
if (CMOS_READ(RTC_FREQ_SELECT) & RTC_UIP)
break; /% get  x/
for (i = 0 ; i < 1000000 ; i++) /* must try at least 2.228 ms*/
if (!(CMOS_READ(RTC_FREQ_SELECT) & RTC_UIP))
break; /% non-set */
do { /x Isn’t this overkill ? UIP above should guarantee consistency */

/% N2t OISSY 2/
} while (time.sec != CMOS_READ(RTC_SECONDS));

55) THE UNDOCUMENTED PC-FRANK VAN GULLUWE 724 page
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/% BCDE BINCZE =/
/% Q12 AlZtE timeval A0 EE=Ch =/
xtime, tv_sec = Kernel_mKtime(&time);
2.5.19 floppy_init

void floppy_init(void)

{
1)
2)

3)

4)

5)

6)
7)

#ifndef

#endif

outb(current_DOR, FD_DOR) ;
if (register_blkdev(MAJOR_NR, "fd”, &floppy_fops)) {

printk(“Unable to get major %d for floppy\n”,MAJOR_NR);

return;
b
blk_size[MAJOR_NR] = floppy_sizes:
blk_dev[MAJOR_NR].request_fn = DEVICE_REQUEST:
timer_table[FLOPPY_TIMER]. fn = floppy_shutdown:;
timer_active &= "(1 << FLOPPY_TIMER):
config_types():
if (irgaction(FLOPPY_IRQ, &floppy_sigaction))

printk(“Unable to grab IRQ%d for the floppy driver\n”,
if (request_dma(FLOPPY_DMA))

printk(“"Unable to grab DMA%d for the floppy driver\n”,
/% Try to determine the floppy controller type %/
DEVICE_INTR = ignore_interrupt:; /* don't ask ... */
output_byte(FD_VERSION);
if (result() !'=1) {

~
3

get FDC version code %/

FLOPPY_IRQ) ;

FLOPPY_DMA) ;

printk (DEVICE_NAME “: FDC failed to return version byte\n”):

fdc_version = FDC_TYPE_STD;
} else

fdc_version = reply_buffer[0]:
if (fdc_version !'= FDC_TYPE_STD)

printk (DEVICE_NAME ": FDC version Ox%x\n”, fdc_version):

FDC_FIFO_UNTESTED

fdc_version = FDC_TYPE_STD: /% force std fdc type; can't test other. */

/% Not all FDCs seem to be able to handle the version command
* properly, so force a reset for the standard FDC clones,
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w

* to avoid interrupt garbage.
%/

8) if (fdc_version == FDC_TYPE_STD) {
initial_reset_flag = 1;
reset_floppy();

1) 0x3f2(DOR)L diskette controller register®4], DMASSE Al-&7}15%4 € (enable) 2  set¢t}.
FDC(floppy driver controller)E AFE715AEl 2 setdho)

2) floppy file operation & 5F.
3) floppy size?] default= 1.44M(MAX_DISK_SIZE).
request 3+ (do_fd_request) 5=
timerd =3 timer_active® 5ol A FLOPPY_TIMER bit %7) #H(mask off,disable). floppy

timers Wgol Bo8tw 1w 7]F AT

4) CMOS memoryel X AAH floppy driverg9 type(l.2M or 1.44M)e] tf

ol
oX,
fz
i
e,
rr
i)

5) request DMA(Direct Memory Access)

8237 DMA chipg adaptor card®} memoryAlelel CPUS 7FAHgle] AH datas AL T
=5 3171938 AR, wreFe] DMAZE 9ivbd, adaptor cardel A memoryZ dataE %Sk
71 18l d= CPU7} card® 5= o2 datas CPUWY registere]l 2%th7}, Al memory
2 Huof & Zeolt. ¥y DMAe] 9% 42 DMAZF 221 memory® FTATOR
card®} memoryA}o] o] line2 &4 3 (activate) . 2 cardol 4 memory® data’} &4 A$
A o] AL card’} DMAS AR 52 27|H4AS F50 24 7153 0h( setup_DMA
8k <drivers/block/floppy.c> )

a8 A ste 22X, memoryel data® FA5387] $18] adaptor carde DMAC|A HAF L5 3
A= 3, DMAE CPUYIA memory busE ARESHA @S Q%) o] & CPUY -$5d(hold
line)@ DMAe] €3 memory line &€ 1/O line 843, 18] cardel A data® ASsix =

= SHel AHR oA 1, dataFlFe] o] Fo Fth5D

56) DMAol ThalA = 108 ClHfo|~ =afoltf o4 =ejHT).
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DMA®] AF2-2 card®t memoryAlelel datad < 7
2H, 2 Akl CPUE B8 AYS TF J=F o

ElSA0ME DMAE A23H= floppy controllertBt ofL|2f, network card, sound cardS
Q|F cardE0| DMAS| &XE 0|85t UCt T hard diske DMAE AR2SHA| ot
Ct

il

il

8= processor(DMAE Z3hHE £ o

0

£0 0

DMAEY 77019 channel& A2 9t} (channeld S7/A 9 PICAH® 4¥ channel cascade
o]t}) kernel? 2¥ channels floppy controllerE ¢ & A& 3% dma_chan_busyl] table¢]
1 setdte, floppy controllerE €3] DMAE AFEE 792 HA ¢,

adaptor card 27 3_—',-_' CPU
‘=| DMA |o% |
| f\_( hold bus line
actrvate
b live
TELTOTY

<192.38> DMA F %o 23t bus line AHE)

6) DIVICE_INTR WH=of tisiA= 10&F C|HlO|A =EEl0|H oA A=),

7) floppy driver controller7} ¥l A= &lgit},

8) Hd A reset floppy .

FEE registerghs setshs F¢F delayE $137+ Aot

tlo (N

R

for(i=0 ; i<1000 ; i++)

__asm__("nop”);

2.5.20 sock_init

57) DMAZ} S3ste Hoh 2AIRE Afsto] tisia &=
THE UNDOCUMENTED PC-FRANK VAN GULLUWE 844 pageZE #1131},
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2.6 Coprocessor =73}

o] AojAE systemol coprocessor’} Q= A9 Z7)3e] ths] =9 g}
gm0 F8E 7] Y3l coprocessor7t 5 7A-¢olE CR 09] EM(math emulation)®® bitZ
setdl] Frojof T}

coprocessor error'Z Al Al ZEE handlerel = INTELo|A Al Zdk= INT 10h(o] A o] o9 16¢]
sl gt el MotherBoardel A Al 3-8 IRQ 13(DOSe A& INT 76h, gl2elAE INT 2Dh)
o] it} AWy o2 A= E MotherBoardel| A& errord Al INT 10ho] 3= A& o=t}
a8y 7+ INTELe]l A3d Z2& wE2s 297 ok 2@, «9] 16 handler’t F35 &
A= gl

g s 204 INT 10h handleret IRQ 13 handlere W3 2t IRQ 13 handlere init_IRQ(kern
-el/irq.c)ell A math_error_irq3t= 731 5o

static void math_error_irq(int cpl)
{
outb(0, 0xFO) : /% clear busy flag =/
if (ignore_irql3)
return;
math_error():
b

<IRQ 13 handler kernelfirg.c>

58) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 248 page
59) The Undocumented PC-Wesley 222,236 page
60) Wte] Alawlo] Leisith. AU of2) 16 LGS b Aol AN AU
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asmlinkKage void do_coprocessor_error(struct pt_regs * regs, long error_code)
{

ignore_irql3 = 1:

math_error():
}

< INT10h handler kernelftrap.c >

o= handler7t 94 FRHEAE &7 A8 fdiveF oS AHRslo] 002 15 o] =

Z 0 2 math error® WA AT
__asm__("fldz ; fldl ; fdiv %st,%st(l) ; fwait”):

fldzs} fldl2 80x87 stackell 09} 1& A& = Y} %stE stack9 1S5 %st(1)2 05 718
71},

INT 10°] 388 Fol%= tAl irq 130] BA] st Fof AT irg 132 FAAY. 2=

il
ol Zolse F4o FvlF

* check if exception 16 works correctly.. This is truly evil
* code: it disables the high 8 interrupts to maKe sure that

* the irgl3 doesn’t happen. But as this will lead to a lockup
if no exceptionl6 arrives, it depends on the fact that the
high 8 interrupts will be re-enabled by the next timer tick.
So the irqgl3 will happen eventually, but the exception 16
should get there first..

3¢

3¢

3¢

3¢

*/

2.7 52 version display

22 tools/version.h®] W&ol

#define UTS_RELEASE “1.0"

#define UTS_VERSION “#1 Fri Jul 8 21:15:20 GMT 1994"
#define LINUX_COMPILE_TIME “21:15:21"

#define LINUX_COMPILE_BY “root”
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#define LINUX_COMPILE_HOST “darkstar”
#define LINUX_COMPILE_DOMAIN “frop.org”

2.8 move to user mode

22 systemhel Yo} 9+ kernel modeol A user mode® ©]%3}7] $]9F routineo] .

#define move_to_user_mode() \
__asm__ __volatile__ ("movl %xesp, %%eax\n\t” \
"pushl %0\n\t” \
"pushl %%eax\n\t” \
“pushfI\n\t" \
"pushl %1\n\t” \
“pushl $1f\n\t” \
"iret\n” \
"1:\tmovl %0, %%eax\n\t” \
"mov %%ax, %%ds\n\t” \
"mov %%ax, %%es\n\t” \
"mov %%ax, %%£s\n\t” \
"mov %%ax, %%gs” \
: /% no outputs */ :"i” (USER_DS), "i” (USER_CS):"ax”)

FEe 1~ 6 WA E7Ae] 3 stacke 78<239>7 e Fejr} At

USER_DS

Esp

eflag
USER_CS
1:

SP

<232.39> user mode® =97}7] AA stack



HAA 1:= kernel AEWH A< 0xCO100000 + 1: ¢ AAL @Gy, o] AlAo|A iretE A PA]7]H
userd @M A el 0x100000 + 1: ¢ O 2 jumpdrth.

head.s® 14)setup pagingol & Wy&& 7]odgd Aol

A KernelO| MOJZ=Z[ 0x1000000] YSEZ pagingF Kernel2 MIHE X| 0xc0100000
of /= zdo| =lct. &L} Kernel &5 MEHX| 0x1000000] 7= B}C}.

user mode® ¢ EF user data segment(USER_DS)E 7} data-& segmentE(ds,es,gs,fs)o] E+&

o} o] A RH datax user MEZ 7o Soj7tA ¥}

o 7] A fsE userd kernelE AAAAFTE 23 gujE 71AE segmentE A2H T system
callZ %3] kernel mode® S 2] fsel= USER_DS descriptor®] selector’} €oj7tch. 18 A
kernele] user moded] dataZ kernel mode® 7}A&ulE fs& AFR3HT} get fs_byte(user®7tol
A 1byteE ¢o] &), get fs_word, get_fs_longE# #-& asm/segment.h® inline =7} 1
of o]t}
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HubA SukE o kernel modeol A user mode® 1y EH = HES 4EY.

i3

-z

3.1 fork system call

o

fork system call®] ZEF 72 K22 22| thF, o Heoxs FRHIAA A fork() %
T 3% g Ayt =9du

forke UNIX7} multi-processings &5 JE=F THEAFTE system call2A fork7} T3 =W H
2 process? imageZE E#9E A (child) process7} BT o] W fork()= &3t process
= B HE(parent) process&il FEt} forkF ol &4 process®t HFE process? AEFHL forkd
7} returndle ghell Wl ddkR Y fork@FE A4 processelAE 0=, B E processel Al
A4 process® PIDE return$hut,

DOSoA exec3tTE AFE3Y] A2 processE FHAIZT Ik 28y, DOSHAM = A4
process’} T8-S Edu7lA] B X process’t AAHA 7vpElar glojof st EE UNIXe|AM &=
AL 7h5slt. 28y UNIXelA s dwra o2 A2 processE AA8H7] 91814 forkE 4 A
Z5tg. 187 dlofof o] T exec system call® M Z-2 A4 process’t 8 program= 34|
1o 25 K process® A4 process?t SAl0] 3 ojd Qs Aol

g 31> DOSS UNIX® HE process® child process® #AE vERAT

Process

Coeas ) [

child process
EXEC
patent process chuld process
<DO3 > <UNIX>

<718 31> child process

PCell A microprocessor(CPU)= 17/] ¥ o] =2 process’t &
o] CPUE sol7ldAM HFsheE AL 9usit}, o5 Hiakgojz A
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g3 g} g EsAoAE oF 3/20% 7+E 02 process? CPUAR7F 9thbD = 3t processE 9]
A 7HE Sk CPUE A J-3Fate & processel Al AT A A7) 27 Lwj7bA] 7] vk& o

3/20% 8 € process® CPUAGF7]Z timeslicedm HEr} A|ETEL E9H3F interrupt=ol
WA S A ¢F=3St timeslice®] F71 % 3.ZF = schedulero] 93] o]FojFt}, $E% schedulerv
o]® processell Al CPUE A@FEAE AA S schedulere] thst B} XA A2 6 =
EMAM 2| A tEd

3.2 1nit process

1) idle system call

forke] AAI$H B processt idle() loopE 38t} o] w idle loope 3859 ©WE proce
-ss7F glSw FHE Y

asmlinkage int sys_idle(void)
{
need_resched = 1; /% scheduler 8& =/

return O’

9 FEoMdAHE idle system call
H system call+3A] scheduler’} 3.

oA A8 GEH

@A) scheduler® 3% 3t} need resched®Fzko] setH
=31}, idle system callell M= 68 Z2MA e

2) setup system call

A2 processE fork$ £ setup system callS T3}, setup system call2 systemol] 4%
5

¥ partitionZ &S X &S hard diskel] W%t A H S drive_info_struct(init/main.c) &= 34|

of Y&
struct drive_info_struct { char dummy[32]; } drive_info:

setup system call2 @A kernel'F 8 Ao gt ALEH T mEo| o =9 &= 97 2|54 THE[M

oA wEH

61) MINIX:= 1Xof 101, 1/102 7} §tHo)| processol| Al == A 7to|t).
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3) argv_init, envp_init

"TERM=con%dx%d"+= init daemon® argument®! envp_inite. 2 A}EHT. argv_init? envp
_init& main.ci 9 parse_optione] 3 T FA L 71 g Aoj}.

Zu2 TERM#AWMSTE joe, vi, setterm ol o & ARgdt}l whek TERM 73w
o]z Ao] Jetc/termcap entryel]l $L.H o] programEL AAA O R F3 LA okt

4) dup system call

/dev/ttylS %7] console(& w2~ 714 consoled AFE§H)S 98] open®tt}. o] W file de
-scriptor24] 0(STD_IN)o] @33} ¢uksled, AL fileS opendt® file descriptor 0¥ 9]
opend fileS 98] &= 7] wFo|t}. o] & openel 9 #]A+= file descriptor 1,2,3,..%H 0] =}
gz g9 Aolth ttylS STD_OUT, STD_ERRORZE A&Z# W dup system call
S AR oF . dups STD_INY file descriptor® HlolgdE th2 file descriptorel Al EA}F
ottt 1#A file descriptor 1, 71 tolE 27 Ag = e, oo ZZ STD_OUT,
STD_ERROR®l #1235 w, STD_IN file descriptor7} 7FA 3L Y& AR £ e &S zb
A #Hr}

5) init daemon62)

argv_init®} envp_initg argument® init daemons FHA| I = A O 2 kernelFE9] ¥ IA
2 #o] Yt} init daemono] WAE A ¢FO ™ I shello] T3 H

init daemong /etc/inittabell $1& lineES A7t} slackwareol Al AE3laL & init pro
—gramg System V %”l}(style)«] inite] o
Y52 slackware 1.0o] 3¥3%% inittabo]t}.

#

# inittab This file describes how the INIT process should set up
# the system in a certain run-level.

#

# Version: @(#)inittab 2.04 17/05/93 MvS

#

# Author: Miquel van Smoorenburg, <miquels@drinkel.nl.mugnet.org>
#

62) daemono]glt F-EBIA] background® 4-3JE|o] systemo| shutdownHuj7}#] system?] F-Zt

filo
)
>

8}= programg W3t

Advanced Programming in the Unix Environment 13. Daemon Process
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T

# Default runlevel.
id:5:initdefault: )

# System initialization (runs when system boots).
gi:S:sysinit:/etc/rc.d/rc.S @

# Script to run when going single user.
su:S:wait:/etc/rc.d/re. X )

# Script to run when going multi user.
rc:123456:wait: /ete/re. d/re. M @

# What to do at the "Three Finger Salute”.
ca::ctrlaltdel:/sbin/shutdown -t3 -rf now ®

# What to do when power fails (shutdown to single user).
pf::powerfail:/sbin/shutdown —f +5 "THE POWER IS FAILING” ®

# If power is back before shutdown, cancel the running shutdown.
pg:0123456: powerokwait:/sbin/shutdown -¢ "THE POWER IS BACK” @

# If power comes back in single user mode, return to multi user mode.

ps:S:powerokwait:/sbin/init 2

# The getties in multi user mode on congoles an serial lines.
#
# NOTE NOTE NOTE adjust this to your getty or you will not be

# able to login !!
#
c1:12345:respawn:/sbin/getty ttyl 9600 ®

c2:12345:respawn: /sbin/getty tty2 9600
c3:45:respawn: /sbin/getty tty3 9600
c4:45: respawn: /sbin/getty tty4d 9600
c5:45:respawn: /sbin/getty ttyb5 9600
c6:456:respawn:/sbin/getty tty6 9600

# Serial lines
#s1:45:respawn:/sbin/getty ttySO 9600 @
#s2:45 . respawn: /sbin/getty ttyS1 9600



# Dialup lines
#s1:45:respawn:/sbin/uugetty -h ttySO 9600
#s2:45 . respawn: /sbin/uugetty -h ttyS1 9600

# Runlevel 6 used to be for an X-window only system, until we discovered
# that it throws init into a loop that Keeps your load avg at least 1 all
# the time. Thus, there is now one getty opened on tty6. Hopefully no one
# will notice. ;7)

# It might not be bad to have one text console anyway, in case something
# happens to X.

x1:6:wait:/etc/rc.d/rc.6 @

# End of /etc/inittab

inittab®] linee] B W3 & THE AAHo|gar Holw Huf,

@D init daemon®] == levelo] 5%
o] =¥t} Jetc/initlevel®] Zh&
@, ® & 4% runlevel gkel 55 AW s3FHAT
rc. KE re.SulelA Tl
@ re MM E re.S, re Ko vtz = B eo A 712 system ¥ networks ¥ ¥ ¥ daem
-on°] T8 HA Y. (cron daemon®]Y, remote hostol A rloging 3% 42 3
= rlogind server %..)
warm bootingA] =38 #t}.
, @, o] lineE-& UPS(Uninterruptible Power Supply)7} &&= o] & systemel] 3
e 2ot} AYoe] OFFEH 1782 7ZHA| 8 programe] SIGPWR6 signal2 init proces
-s oA Btk T ou] A&l me} o]Fo] Y EET kernelo] o] signalel tja 53| 3

£ e g

init 25 off¥ ZHo] user modeo A on¥gSw FH= =0, Jete/initlevel®] WS 282 73
415kl SIGPWR handler7b =3 =] ® A inittabs BHAl =T

@ 714 console5S 9% getty daemono] FHHT) gettys AW A argumentQl Jeto/tty
FHA argument?! £%E ¢ A opendtt.
rc.S, rc MS2 HtX| exec system callO o|sf] +H = X0, gettye= fork®l 27 execOl

olaf +AHELC

S 43t} el A line9 runlevelghsxol 5 7F &= A

12
it

(@]
o
2
o
k)

@ e

D serial line terminals $]$F open.

63) Advanced Programming in the Unix Environment 268 page
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0 , @ X-window?7} 8% runlevelo] 60] v}, o] W tty62 text consoleZH AFF U}
rc.62 display manager$! xdm< $3A 710

init daemong ©] Qe = processTH AR E 7[A = Jetc/utmpdt LS Hg

ol

=

e aae ¥Yege etk 3 fork, execEol 9514

KERMEL

vo. & ve i =1

loop in kewnel fork

exec |
| getty | | getty | | getty|

exec

login | Mpur Passwerd

exec

shell

<18 32> fork9 execel 93+ FE #A

6) getty daemon

getty daemon< /dev/tty*%} /dev/ttyS*Z open system callS o] -&3}o] 7)ukst},

ttyx= 714 console2 913k Z o)A g ttyS+E serial line terminals 93+ Aot} wilAop
—enAl 7= WOl E Zol7b Yt BlEAclA console?] A-$E consoledl®EH LS 9F me
-morymap< ©]|-2%t = 72+ 714 console®lth screen®7] 9 vedio memoryE Hf-8l3 7z}
A9l session process®d7l = E W T memoryel] &3St 18 Yrb user’} Alt-function
keyel 93] oJ= & 714 consoled] AL H7|E AsFH A7) memoryd U-&o] =834
o7 UrtA #Hd. A, portE: E9 2YS @ Heol gluh jEiUr serial line teminal®]
ALE portE: E3MA T teminald t3H(g 7], A7)y gorm RE ttySxE A4A19 port
= 7Hx1t

portH 3= rs_table T3 A (drivers/char/serial.c)ell ¢} gt thLo] 7 &o]t)

struct async_struct rs_table[] = {
/% UART CLX PORT 1IRQ FLAGS ®/

) 7}A} consoleol|x] 4=38%<¢] forground processS gt}
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{ BASE_BAUD, Ox3F8, 4, STD_COM_FLAGS }, /% ttySO =/
{ BASE_BAUD, Ox2F8, 3, STD_COM_FLAGS }, /% ttyS1l x/
{ BASE_BAUD, Ox3E8, 4, STD_COM_FLAGS }, /% ttyS2 x/
{ BASE_BAUD, Ox2E8, 3, STD_COM4_FLAGS 1}, /% ttyS3 *x/
{ BASE_BAUD, Ox1A0, 9, FOURPORT_FLAGS 1}, /% ttyS4 x/
{ BASE_BAUD, Ox1A8, 9, FOURPORT_FLAGS 1}, /% ttySh x/
{ BASE_BAUD, Ox1BO, 9, FOURPORT_FLAGS 1}, /% ttyS6 *x/
{ BASE_BAUD, Ox1B8, 9, FOURPORT_FLAGS 1}, /% ttyST x/
{ BASE_BAUD, 0x2A0, 5, FOURPORT_FLAGS 1}, /% ttyS8 x/
{ BASE_BAUD, Ox2A8, 5, FOURPORT_FLAGS 1}, /% ttyS9 x/
{ BASE_BAUD, 0x2BO, 5, FOURPORT_FLAGS 1}, /% ttyS10 =/
{ BASE_BAUD, 0x2B8, 5, FOURPORT_FLAGS 1}, /% ttyS1l =/
{ BASE_BAUD, 0x330, 4, ACCENT_FLAGS }, /% ttyS12 %/
{ BASE_BAUD, 0x338, 4, ACCENT_FLAGS }, /% ttyS13 %/
{ BASE_BAUD, 0x000, 0, O 1}, /% ttySl4 (spare; user configurable)
{ BASE_BAUD, 0x000, 0, O 1}, /% ttyS15 (spare; user configurable)
{ BASE_BAUD, 0x100, 12, BOCA_FLAGS 1}, /% ttyS16 x/

{ BASE_BAUD, 0x108, 12, BOCA_FLAGS 1}, /% ttyS17 x/

{ BASE_BAUD, 0x110, 12, BOCA_FLAGS 1}, /% ttyS18 x/

{ BASE_BAUD, 0x118, 12, BOCA_FLAGS 1}, /% ttyS19 x/

{ BASE_BAUD, 0x120, 12, BOCA_FLAGS 1}, /% ttyS20 =/

{ BASE_BAUD, 0x128, 12, BOCA_FLAGS 1}, /% ttyS21 x/

{ BASE_BAUD, 0x130, 12, BOCA_FLAGS 1}, /% ttyS22 *x/

{ BASE_BAUD, 0x138, 12, BOCA_FLAGS 1}, /% ttyS23 x/

{ BASE_BAUD, 0x140, 12, BOCA_FLAGS 1}, /% ttyS24 x/

{ BASE_BAUD, 0x148, 12, BOCA_FLAGS 1}, /% ttyS25 x/

{ BASE_BAUD, 0x150, 12, BOCA_FLAGS 1}, /% ttyS26 *x/

{ BASE_BAUD, 0x158, 12, BOCA_FLAGS }, /% ttyS27 *x/

{ BASE_BAUD, Ox160, 12, BOCA_FLAGS 1}, /% ttyS28 x/

{ BASE_BAUD, Ox168, 12, BOCA_FLAGS 1}, /% ttyS29 x/

{ BASE_BAUD, 0x170, 12, BOCA_FLAGS 1}, /% ttyS30 =/

{ BASE_BAUD, 0x178, 12, BOCA_FLAGS 1}, /% ttyS31 x/

/% You can have up to four HUB6 s in the system, but I've only
* included two cards here for a total of twelve ports.

3¢

3¢
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{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,0) }, /% ttyS32 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,1) }, /* ttyS33 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,2) }, /* ttyS34 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,3) }, /* ttyS35 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,4) }, /* ttyS36 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(0,5) }, /* ttyS37 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,0) }, /* ttyS32 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,1) }, /* ttyS33 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,2) }, /* ttyS34 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,3) }, /* ttyS35 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,4) }, /* ttyS36 =/
{ BASE_BAUD, 0x302, 3, HUB6_FLAGS, C_P(1,5) }, /% ttyS37 =/

¥

getty= login processZ A3 A7t}

7) login process

login processe gettyel 23] terminale] open® F & F3¥EY. logine “login:”#}
"Password: "65) & Z¥ 3 i, userd YL Hkol Jetc/passwd®d] W3 AR =X FAF
shell & A 71}, shelle] B3 A3 promptE EA|SHA, e A7 E4d

8) shell

shelle] &+ B3N 7|24, DOSeld = COMMAND.COMo| o]o] &2t} shell2 /etc/
profile ¥ home directory$] mﬁ%%°mF%ﬂﬂﬁ”ﬂ£§ﬁ¥

g E=AoA A FEstE shell2s 713 AZEA A (O, 7158 9728t BASH(Bourne shell),
TCSH(C shell), KSH(Korn shell)< 9] Aq.LJ%&OEE’ZHq o] £20J9l+= BASH7}
235t e] &olsttt. BASHE AM&AE9] s &5 FHA7]7] 98 B2 AF#Eel ¢
3 Edxo Aol o]EF T AR FAL ofuf ALRA7} ALY HFUR Aol AL
S JEF wH e Aol o AR,

BASH® 93|42 93¢ &L bisonolTe ALY AFETE o]&3g vt bisongd A
A ALy A=A yacest B3 yaccE: 9% sourcew bisonol A% AFE-E g
(compatible) . ALy AZAEFol= 1 o= lex, flexFeol A}t 25 siAE man
-ual pageE Farslel,

ARdd AfEte #EH Ao F

18 270

o

=

.
o

65) linuxol|A] passwordE A A|F|= 4= libraryol A A Zst= cryptdtso|t}.
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41 buffer_init
1) 4AMo]2te] ™ min_free_pageE 20022 et 2007 9H3L buffer® AF&31A ¢kE=t.
2) hash_table2 0% #%7|3}¢Ht]}.

3) grow_buffer
buffers XY, WA get_free_page® pages 27] Ao 1™H<4.1>3 o] x7]3} ¢,

AL 27019 pager data’} €917 A A buffers 93 page?t Z+ buffere] st AR 7} S0z
buffer headE |3+ page® TFH#-¥ T}

1 page:= 4701¢] buffer(l block Z7])2 =t} block size= system7}th x}o]7l S5 9o
g5 2o e | kbyteE A3} buffer headell= 319 bufferd] AR & hufferets] o
FAZE s ARBE 713 Qo). buffer head®] Z7]E 48byteEA] lpageel 857171 &of
T Aut

buffer head *+ZA & 1H<41>3 2t}

+

(NI

1 page (4 buffer blocks)

hgfedchal 2 3 4
h_prev_free clblald
h_next_free hig|(f]ald|c|b
b_this_page c|lblald
b_daia 1)2(z]4
b_size ]
req SHLALEILEA Yo
Sk Sh-4k — M
unuged list 4 L free list 1k

<189 4.1> bufferz7] 3 e

get_free_pager] z7|ol& vlZ ¢ A )& free pageE WA 7}z



struct buffer_head {
char * b_data: pointer to data block (1024 bytes) */
block size */

block number */

unsigned long b_size:

NN
ENEEE N

unsigned long b_blocknr:
dev_t b_dev: /
unsigned short b_count:

3¢

device (0 = free) */

~
3

users using this block %/
unsigned char b_uptodate:
unsigned char b_dirt; O-clean, 1-dirty =/

0 - ok, 1 -locked */

0 if the buffer has been invalidated %/

unsigned char b_lock:

NN
ENEEE N

unsigned char b_req;

struct wait_queue * b_wait’

~
3

struct buffer_head * b_prev:
struct buffer_head * b_next:

doubly linked list of hash—queue */

3¢

struct buffer_head * b_prev_free: /% doubly linked list of buffers %/
struct buffer_head * b_next_free:

struct buffer_head * b_this_page: circular list of buffers in one page */

NN
* 3

struct buffer_head * b_regnext: request queue %/

—

Zb &l tidlAE o] Fof HA mES 3 =oHT o7|ME THELI> YEY e A

=0 ARt

b_datat® 3% buffer® ¢ Apointerzgh-2 7FA 2 Yt b_sizer buffer=7]E YER Y, b_prev_

free$t b_next_freetw 318 FEZ AAH o], AEFo] ofd t& buffers: YEdT THEozl

buffers A-&8ul= free listoll 4 H¥ A|2Fsle] b_next_free= 7FH A ¥l buffers 2=t} free
_listE W buffer 18]¢ o] 32 et} b_this_pages 1 pagell9 buffersws malz o

At} (28 <42>3%) oW paged buffers S|WAIZd o] pointer &S AFESHY}. (create_

buffersg¢] wpxjat & F=x)

buffer7} @23} kernel2 gethlk 3 (fs/buffer.c)E A2t} getblk 81 ol M= grow_buffer

-s Skgefl 9] & buffer block 47§(1 page)”’} © W&o 74

I8 <4.2>E huffer 2713} o] 5 getblkel] 93] buffer’} B W&o S w2 buffert 3o .

unused_liste A5 A b2 buffer head G99 weeof ettt fJolA 877F A& o=
2 o7 8-8/7F ol vt o] 52 unused_listoll Al #3Fe] b_next_free® 7FHE A AAH G

ol 1Y FHE ofyv, BA t5 AEFo] ofdd buffer headE 71271 A Hoh. o174 buffer
d92 71A A d=(b_datagkS 7FA 2 3lE) buffer head® b_next_free: %bﬂmwmwg
S AN E AAE o FAT, AREF o] ol buffer head® b_next_freet buffer headTHs
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5 & 7 8 jihgfedcha 2 3 4

b_prev_fres

b_next_free J
b_thuis_page
b_data
b_size

req ojo|o

Lo |mg [ & |mg
AR
~=d| |y |
(ool - oA =
mn
b T |
Lfwn [a
= g || e

o
[
o
[

1024

BM-12k BM-2k EM-4k haryl 2N
wrmsed_list | L fres_list

<194.2> buffer block 47§ <7}
AANAEES 45 Aok
getblkoll &3] buffer® © &g unused_list7} A% ™, buffer header(b_datagke] flE)E 9]
U ARE= ., get_more_buffer_head¥t=oll 93l pageE #53to] buffer headE U e

4.2 getblk

o] 8+ kernele] buffer7} ¥ Q3w A3t} getblke] parameter® AL E+E deve) blke A
A device( hard disk,cd-rom,floopy% block device )9 I device?] old A= 9w} =
block(blk)gkel 0 o] disk(elE& o) A& 270 sector(bl2byte)E 78] 11},

deve} blkell 93 xg¥ 1719 disk blockell buffer block 1712 &33tt}. o] Z e+ o] disk
blockel 227] #& 3Fw &F# buffer blocke] WA 22oyx] 11, UFof synczgel o3 2 A<
E #device(disk block)ol 2AojFt},

A& bufferE AAAREwE free_listoll ¥ AA T AR S blockS getblkel 93 3 device
blockel] &%= A, 1 huffer blocke hash tableo] & o= A F v} o] hash tableo] v}R=
287} &3 @38l buffer cacheolt). getblke EE2 AXE get free pagedT5 A-&35lo]
bufferE vHE9] device blocke] 33k},

gethlk7} %% A, WA hash tablee] &3 device blockell &2 % buffer blocke] &4 3d=X
check$tt}. hash tableel] theE @& o|Heof getblkel ¢/3]l 1 device block® @34 AFES
o]E buffer blocke] Y22 ousttt TulE free listd] MEE buffers AMRdFA &3, 1
buffer blocks o]z AREstH Ho} thS getblk 27| AE=E WA

bh = get_hash_table(dev, block, size):
if (bh) {
if (bh->b_uptodate && !bh->b_dirt)
put_last_free(bh):
return bh;



olde A& H FE2 HEA FQeA e A vk Akl Aol o] Foj3l Aot

kernel diskell A bufferol dataZ ¢lolEduwly, buffere]l A+ dataE  diskel] w66,
b_uptodate® set$}h.( end_request(1)67e] o & <hlk.h> ) 28 3 buffere] A+ RS F4 S
E b_dirtE set®th. b_uptodate”} set¥ o] JvhE AL o] data7} FEFTES @) o] gho] set
o] glod, o] diskelA o] buffer® ¢71&HS T4 ¢vh.( bread<fs/bufferc>%5 H%)
buffer®d] data® F38.3}A] 7]+ invalidate_buffers(buffer.c)&<5=¢ll 23] b_uptodate®} b_dirt= 0=
gAl x7|3E Y. invalidate_buffers$tE  floppy7lF v 9L 7490l bufferd] W&o ¢&
floppyel AA=E = AS WA37] 98] 3FEHE check_disk_change(buffer.c) 1ol A A3
=3

b_uptodatett b_dirt7} set¥® 7B -9-ol%E kernel2 huffere] &S =485 v}, o F F9, filed]
27 2L 8, WA buffere] 2247t} o] wf b_dirtghel set¥t}h.(o] Wl b_uptodate= setd)
b_dirt= buffer block®] W27 disk blocke W&¢] Y2ZEZ syncdgel 2481 9 v
o]® devic —e blocke]l ¥ buffer blocks & device blockel &%ere]ar gufl b_dirt7} set
wo] glo™, sync_buffers¥ol 93] syncZo]l WA o] FojFt}

YW zmEo] wE, hash tableel &A= buffer blockel] Q= data’} F534, 1812 disk
block® buffer blocke] -#o] FTULSH, free listd] vlx| e =) dutzgoz 515101] ALE-H
buffer blocke free_list®] wA 2o FA Huv} 2Z8A 3okt 2@l Ao A2 buffer blocko]
gZ blockell &3 7l5Ado] EolAal, FZel AFEHE AL E3H device lockwte] #AE <
A FALEF AA H 6

o] %9 IEE hash tableolA] @3} device blockel |3l buffer blocke] & 745l o
gt Aol grow_buffersel 93 bufferE © wHEo] 87} ¥stE device blockel s}l
(b_dev,b_blocknrel] zk<S Y2 24) hash tabled]l = Y&

hash table U wjZZe| 93| o] FojZt),

#define _hashfn(dev,block) (((unsigned)(dev”block))»NR_HASH)
#define hash(dev, block) hash_tablel[_hashfn(dev, block) ]

384 $H709] hash table WiAel= #7119 device blockell z+zb &2 3l+= buffer blockso] &
A &S A o= £9], hash_table[301]elE dev=300,block=1%1 Z ¥+ oy & dev=
300, block=998¢] #|Z3l= AE o Z9 Y. hash_table2(Z hash(dev,block) Wl Z 2 &) type
o] buffer header7-= A o]t}

struct buffer_head hash_table[NR_HASH]

66) o]Z & syncgli 3t}

67) device driver?} 7 =2]" Zoltr}.

68) codeol|A] b dirt7} setEo] Q& AF free listd] L 2F HUA] UE=AE syncZdo] <L
5] o] Fo]A& S 9 E 17| 9%t Ao =E BHeltl,  Linus!! I am right?
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#define NR_HASH 997

hash table®} &3 buffer blocke free listx38 3o mE ez o]FolA Quf.(v3 139
(09 AMXE HEl) o5 AZAAIE 8+ b_nextS} b_prevel &3] o]F ozt kx| #H
oA gElE Ao % honextwS YEC ARA, hash tableel A o@ huffers ZSWlE= b_next®
=

421 hash table

22 7)1 ol 2H buffer blocke] hash tableol] 3% AAREE A A,

& free_listel = bufferz 7] 3F(buffer_init)ol 2] &f ‘:}u 29 (a)9} #Zo] 4709 buffer blocke]
FEE o] F a3 v}t (bhAHH get_blkel @& grow_buffers<71 A=W, 4709 buffer blocks
o] ¢ A7|A ). dev=300block=1<S parameter® gethlkE 3. ZFSw free liste] AFo| U&=
buffer block 8H¢| hash table 301¢] &2H v} 78] 1 buffer block 82 free_list®] w}x] =0
2 7}A #t} o]lu hash_table[301]el+= 8% buffer_header pointerzte] =¢]7+c}.(c)

o}
]

o] 3 dev=300,block=2¢] ] %t gethlk® % 2 hash table 302¢l buffer 7H-& F3c}.(d)

YAl dev=300,block=998¢] £] St getblk7} ZZ= ™, 68 buffer blocke hash table 3018 A-5of
A8 A} o] w hash table[301]el+= 6W buffer block®] buffer_head pointergke] ¢ 717
=) a1, 6 buffer header®] b_nexti= 8H buffer header® 7} 71 A H v} (e)

head

free list

head
[-—{freelist} (12— 3[— 4] 1
M —T7 —T% —J &1
h_prev’| 101 |b_next’| g ‘ 7

he&[d‘—{freelist (T —zF{3 a5 s

e device block of] T

[~
|
B
-]
LS
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|3u1 | | 8 |

) —

302 \ .|

(d) 302+ =

hash table 301¢f buffer block 5¥ S F7}3}AHT)

oAl AL HA &7 3l page’t ZE O buffer 7|3 THE buffer7hA] 25 AFESH
‘Gelell A hash table 3045 9% buffer 707} Q= vkl 7P 54 (g) HEO], free liste] A
Foll 2l buffer block 803} 7#H 0] th& processel 93 AF&F o] Ay (b_lock), b_dirt7} set%
o] sync#¢glo] & Q3% buffer blockE ol &t 714 814},

o] ], kernel2 6% blockS A& 7S AASH. 28A 6HS hash tabled} free listel A A
A} ( remove_from_queues 3ol 93] ) 1 v, hash table 304¢l 7] Q¥ =
T8 a1, free list®) A 2H(taiDoll BEv}.( inseri_into_queues ol 93] )(h)
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(ho B 6 " 3040

H

|
el
|

4.2.2. LRU €18+

LRU (least used used)= # ol 7} A 228 Aol AAH 7154
< LRUZL 8] &S AL2319] buffer cacheE #E] st} & Lo A3
Rty mepA, el AFRH A2 HAA free liste] AFE A 5
3 AFEE THs/d o] EolAlE Aot

free listel £ R bufferSo] 4517, hash tableo]s AH%Q) buffertto] Ho}7h7] . ol

o] =22 9 vt} kernel
12 free liste] W HEo &

2
31 & device blocks 9

AL 5% TUAAHA £ inodest 2 PN o

gl

me)

423 lock

process7F ¥ buffer blockel 2L e Fol=(F, bufferel] 7], 22712 S = o)
E process’t HZ8A ESEE b_lockE setet} 69 1w, Y2 process= huffer blockS

69) "locked”2} "busy”’= Z+2 2mjo|t}. y&o] "unlocked”®} “free” = Z+-2 2]m|o|t},



FUA A gAEHo g J1=4 103
At QSu kA (&, T3S AR process7t ¢97],227] A Ygo]l EY end_requestdFol
Qﬂlw@]ﬂﬂgﬂ%ﬂ)WMpme@z%ﬂﬁw%%@ﬁﬂEﬁﬂ?

22 wait_on_huffer?] #E=o|t},

extern inline void wait_on_buffer(struct buffer_head * bh)
{
if (bh->b_lock)
__wait_on_buffer(bh):

void __wait_on_buffer(struct buffer_head * bh)

{
struct wait_queue wait = { current, NULL }:;
bh->b_count++;
add_wait_queue(8&h->b_wait, &wait):
repeat:
current->state = TASK_UNINTERRUPTIBLE;
if (bh->b_lock) {
schedule():
goto repeat:
}
remove_wait_queue(&bh->b_wait, &wait):;
bh->b_count--;
current->state = TASK_RUNNING;
}

HAA processE wait queueel] DL stateE sleep(TASK_UNINTERRUPTIBLE) el = 3t &
schedulingS %tt}. schedulerd] €3] o] process”t 7% 38, #A= EF9F locke] ZEFEA ol
Star 218x ko thA] FwHo| EoJ7H locke] EH O W, wait queueel A A ASEL, ThA] S
Pae] 2 nlgto] A E buffer blockE AFE3HA =& Zlolth. b_count= I buffer blockS A}
23521 processE EF3Lo] buffer blocks AHE3L7] 93] 71thel & processe9 5 YERAT
A §F processTho] o] buffer blockS AFE$HH b_countghd 19] i},

4.2.4 sync

o= AP 5ol b_dirt7} set® buffer blocke W& device blockell 3= 7|93 E sync
ol Basttt. o] A2 sync_buffers@tol 9 &l o] Foixltt,
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static int sync_buffers(dev,wait)

dev : EA deviceel| 3|33+ buffer block¥™S sync. ©] gre] 0 o] BE buffer block
S o g s,

wait © 1 o9, b_dirt’} set® buffer blockel] locke] A# Y-S 7-$-(b_lock set) locke] %=
Z71= 71vd# 7t 2E buffer block, S syncgtot.

7
0 o], locke] AelA ¢ buffer blockT& sync$Ht},

4.25 getblk code

oA mEE AHEA

#define BADNESS(bh) (((bh)->b_dirt<<1)+(bh)->b_lock)

struct buffer_head * getblk(dev_t dev, int block, int size)

{

repeat:
1)

2)

3)

struct buffer_head * bh, * tmp:
int buffers:

static int grow_size = 0.

bh = get_hash_table(dev, block, size):
if (bh) {
if (bh->b_uptodate && !bh—>b_dirt)
put_last_free(bh):
return bh;
}
grow_size -= gize;
if (nr_free_pages > min_free pages && grow_size <= 0) {
if (grow_buffers(GFP_BUFFER, size))
grow_size = PAGE_SIZE;

}
buffers = nr_buffers:
bh = NULL:

for (tmp = free_list; buffers— > 0 ; tmp = tmp—>b_next_free) {
if (tmp—>b_count ! tmp—>b_size '= size)
continue;
if (mem_map[MAP_NR((unsigned long) tmp->b_data)]l '= 1)
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continue;
if (!bh || BADNESS(tmp)<BADNESS(bh)) {
bh = tmp:
if (!BADNESS(tmp))
break:;

4) if ('bh) {
if (nr_free_pages > 5)
if (grow_buffers(GFP_BUFFER, size))
goto repeat;
if ('grow_buffers(GFP_ATOMIC, size))
sleep_on(&buffer_wait):
goto repeat;

5) wait_on_buffer (bh):
if (bh->b_count || bh->b_size !'= size)
goto repeat;
6) if (bh->b_dirt) {
sync_buffers(0,0):
goto repeat;
}
NOTE!! While we slept waiting for this block, somebody else might %/
already have added “this” block to the cache. check it */
7) if (find_buffer(dev,block, size))
goto repeat;

NN
* 3

/% OK, FINALLY we Know that this buffer is the only one of its Kind, =/
/% and that it’s unused (b_count=0), unlocked (b_lock=0), and clean */
8) bh->b_count=1;

bh->b_dirt=0:

bh->b_uptodate=0;

bh->b_reqg=0:

remove_from_queues (bh) ;
bh->b_dev=dev;
bh->b_blocknr=block:;
insert_into_queues(bh):
return bh;
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1) hash tableelX ¥3}= device block?] buffer blocke] A 2=tk 2 buffer blocko]
lock’gelold, sjA D72 7ot}

2) free memory7}(“&&| page’l” e %I FLE) HA page(200)0]do]H grow_buffers A}
L3l At puffers 4ot} o] w buffer= 1 page’t W& A 3L, grow_sizegr< 4k |,
4K7} BF AFgs 9 oA grow buffer7l 3E&2H T WA buffer_initel A w5012 buffer
block 47} Z7]olv Al&=A gev wEeE7f F&E3H Jufqof A&,

3) b_countgke]l AttE AL A% 179 process?t buffer blocks Al2stxm gttes o] #H
=3
mem_map[]¢] zk2 3G pageel Wi FA FHE Yeded, ez o3 2

MAP_RESERVEL] system(kernel)ol| A A}-&38}= H&
(0x8000)
0 free 73El
1 G pageE VA processTro] AR
9 ol & 813 pageE ThE process9t o] Al

<IFE 42> mem_map HE

get_free_page(grow_buffers)ell €3] 3 page® mem_map[lghe lo]t}. @A) o] zho] 19]
oy gk & 2 o]idolgk wo] ¥
buffer®] BADNESSE locke] A% ik b_dirt7} set¥ o] J-vpE . 45 o] Ebuffe
152 Aol Agdn. a8y, ol&5 stuE EE Ao E7HusittdH lockdd A
S datA 9o ( b_dirt<<! in BADNESS macro )

4) free_listel buffer’} $Iv+®, buffers vl AJ4ket),
memory”’} BE35te] ] o]A bhuffer® wte5 929, memoryZF A AW 7IA] wait queuel] A
FHE F e

5) locke] A#] Qo A2 w7 7oA

6) b_dirt7} set¥e] 1™ sync.

7) wait_on_buffers=3 A A FHS= Fo] A TE processe] 93] hash tableol 9 3l= buff
—er blocke] AHSAE ZEU.

8) buffer blocks 8tH & b_countgrS 1= setdtt.

4.3 brelse T4

user processol] 93 disk® bufferAlo]ol data’} 27te 2ol 9.2 (make requestel] 2 &]),
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kernel2 buffere] lockS ¢, 7 & goe] ZU™ kernel2 WAl lock

)

void brelse(struct buffer_head * buf)

{
if ('buf)
return;
wait_on_buffer(buf); /* wait until unlock =/
if (buf->b_count) {
if (—buf->b_count)
return;
waKe_up(&buffer_wait):
return;
}
printk("VFS: brelse: Trying to free free buffer\n”):;
}

wait_on_bufferel A locks Zduj7tx] 7|tpdth. b_countE 1 &9t} o]
bufferZ AM&381A ¢SS AT, a8 2 process?t hufferES 7] thg

if (--buf->b_count)

[e] Iz
= L

t}.(end_requsetel] 2

AowH Aol ol

O returndhA g, AAlo] 1 bufferE EAA A&l dgdvid, bufferr} R E wEa H
£ 0 2 huffers YA %3 process7t $heA 2ol A&t} gethlkd Ys ZEE W

sleep_on(&buffer_wait):

4.4 bread 5

dev,block®] dataZ huffer blocko. & ¢loj&2lt}.

struct buffer_head * bread(dev_t dev, int block, int size)
{
struct buffer_head * bh;

if (!'(bh = getblk(dev, block, size))) {
printk("VFS: bread: READ error on device %d/%d\n”,
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MAJOR(dev), MINOR(dev)):
return NULL;
b
if (bh->b_uptodate)
return bh;
11_rw_block(READ, 1, &bh): /* bhOl| SHES}= device blockOlA buffer2 S EQIC} =/

~
3

buffer blocke| datal} S&5IH YUX| S=C}. =/

wait_on_buffer(bh): /% lockO| S M{7}X| 7|Ct2ICt =/

if (bh->b_uptodate) /% uptodateZ=[0{ RUO{Of BFC|. end_requestEr=0f 2|3l =/
return bh;

brelse(bh): /% error A, buffer release */

return NULL;

I_rw_block3t4F o = wait_on_buffere] F&% &= 7o) HEo|u}

I_rw_block= buffer blockel lockeS AiE diskelA gAY 2A7123¢S et} disk controllerel
olHgt HH S Ud Fox mEE AL Iy 2ol w74 wait_on_bufferel] <] 3|
sleep® o7l vt Aol &A= H, lock A 2, v E 4 buffer blocks AREES 97
Ho

45 breada &

breada$ts& 3t buffer blockS disk blockelA ¢l &u], o] Fof A=A o|ear o=+ YE
disk blockEX Zo] ¢&=t}h. = WA blocke] ¢33 A /\}Q-E]*E T THA o] 9 blockE°l
diskel A vl 3 ds v 28 A, FHA blockFHE diskell A gloiEole A 7+S Hofgha
9,

slmo]] AdEl AW A parameter?] blocke bread@elA sl ZAAH I gojEedt). FHlA
block parameter’?¥ 7} v]g] ¢loj&o|= blockeE%d], °o]&&

11_rw_block(READA, tmp, &h)70)

of 93 glojEolA Hu. o] o= vE] o EdEHE blockel |33 buffer’t lock® ¢
gom Jggl A gkxr ZFA] returndtA FWHV mE Wz RE2 READ W3 READA™
o] Fd3IA 57‘“’}‘:} 1A ¢t uptodate’def o] @A 931 countghES Eol 7T v} getblke

70) READAE= rof AW = Haoltl 11 rw blockdrpolA]l AESH= ® 8 o]ofl= READ, READA,
WRITE, WRITEAS 47}<]7} Qltt.

71) locko] Z&|7]& 7|tigl= A

of iiazi=

2, blockE& m[2] ¢lof diskollM = AIZE Eoldlrie =
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buffer blockS &2 &u count= 1 F7HA71H. o] AL FH¥dzE =H&E8 g5 2ol

46 System V& buffer cache

UNIX &9 AA dA - Maurice J.Bach = #eol Y42l9lE System V Release 29| buffer <
A buffers v gk}
o] A9 T6page(Rr=¥)E BHH v 7 o] vt

1. dolo| Bl HHE %1 YoH XRE|AE(ree listOA HHE X2

ﬂ%i o A= hash tabledl A ZH&4 gloj A Al 2E buffers o9
Fol A A, 9 bufferE free liste wx] 9o =}

2. H‘lﬂ‘l'_ stab o7 Z Ao AXEE AFE[AEMN=E USE T2 QS T UCL
System VelAE A EE buffer7t $HEo] X hash table®} free listol &Aj8}A gk,
old puffer7} 2= ™ 1 buffers free listoll A WAt 8y g8 520 ME buffer
7b B+Eo AW, w5 F buffere FF27 free listel]l YA =™, &FH bufferyho]
hash tableel 5017}74] Hr,

Zaz o] Ao Yo IHS AU

Ct.
gl =, free liste] A

A7 =B A
bk mio 0 mod 4 —L—l 28 |~L |54 |

Blknolmedd — [ 17

bkno2modd  — [ & [ 50]
blk o 3 mod 4 —f{ [ 35 ] | EEl
At ==

(@ 3VAA A7 BEAM &5 45 HA




110 A 43 WA AA

5.1 52 filesystem

g =20 A AASE filesystem? EFE oH7A 7 It G2 kernelhowtool] A ¥

uf &0l o,
3.3.8. Filesystems

You'1ll be prompted for support of a number of filesystems. They are:

Standard (minix) — Newer distributions don’t create minix filesystems,
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and many people don’t use it, but it may still be a good idea to
configure this one. Some '‘rescue-disk’’ programs use it, and still

more floppies may have a minix filesystem.

Extended fs - This was the first version of the extended filesystem,
which isn’t used much anymore. Chances are, you'll Know it if you need
it.

Second extended - This is widely used in new distributions. You

probably have one of these.

xiafs filesystem — At one time, this was pretty common, but at the
time of this writing, I didn’t Know anyone running it.

msdos — Well, you guessed it: if you want to use your MS-DOS hard disk

Y rr

partitions, or mount MS-DOS formatted floppy disks, say ''y.

umsdos - This is a fairly slick filesystem which can make an MS-DOS
filesystem have more features, like long filenames, etc. It's not

really useful for people (like me) who don’t run MS-DOS.

/proc — One of the most slick filesystems (idea shamelessly stolen
from Bell Labs, I guess). It's not anything you partition disks with:
but a filesystem interface to the Kernel and processes. Many process-

LAY

listers (like ''ps’’) use it. If you've got it installed, try '‘cat

/proc/meminfo’’ or '‘cat /proc/devices’’ sometime. Some shells, like
rc, use /proc/self/fd (Known as /dev/fd on other systems) for i/o.

NFS - If you're on a network and you want to share files, say '‘y.’’
IS09660 - Found on most CD-ROMs.

0S/2 HPFS - At the time of this writing, a read-only fs for 0S/2 HPFS.

System V and Coherent - for partitions of System V and Coherent
systems.
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5.2 filesystem +=%

slackwareo] 4] A FE=E install AR filesystemS A A 3}7] 3l setupS 2 FA| 7t} o]
712 setup shell scriptell 4] mke2fsE= W ool 93] filesystemo] A= A,

mke2fs —c $ROOT_DEVICE $ROOT_SIZE

Al check
bz o2

"o SAL filesystems A X8}7] Aell hard diskell & & 9 error(bad block)7F $i&
- ¢

sttt ROOT_DEVICE+® filesystem= A& partitionS ¢ w3}, ROOT_SIZE]
I partition® =77} Sof 7t}

221 mke2fs -FEBE ] s HAAH 7]E A filesystemol] tal] A s, #eold Holo] X
o] AL-259 filesystemS o SZlojt}h 92 ROOT_DEVICEZ /dev/hda3s Al-&3tH, g
E2 AAEF-E 248 Mbyte2 A, ROOT_SIZEE 254016(blocks™)o] H t}.72)

- <B1>2 o]# s ROOT_SIZEe| A9l x7] filesystem® 5 ©] U}

group desc group dese
start block bitmap start
——— 1nade bitmap —
super block —l inode tahle start supet block —l
[ £ dir black + + I
= inade
" table
o1 25 Thlock” 262 9 = Sihlack® A —8193 25Tblack
ol efo} 3
== o] 2§ goupd g} 281 7 grenp A 2}
= ”

<195.1> filesystem T+%

72) 3 E Elo] A[2Z¢l swap partitionZ7]= 8Mo]3l /dev/hda2ol] ¥wltx]o] 9lt},
hdal & DOS& L Z AFLR3iT}
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5.3 super block

A block(block 0, Null block)2 02 YA dt. FHA blockFEE groupl® U0 A
3t groupd Z7]E= 8 Mbyteolth. 1@l A /dev/hda39 7% 31719 groupl.E o] Foj A&
At 2+ group”}ttt super block, group descriptor block, block_hitmap block, inode_

A

o 3o
-W._Eri

T
=

bitmap block, inode table block, directory entry blockE o]l 9t} o] £ super block® group
descriptor block2 group® A#gle] ELd} 7 ksl o] F Lo filesystemZ Ao o ¢
AE7E 597 wiEeolv U AE sl groupd ZdEjel wit W&o dEziv
FHA block(block 1)€ super blocke] o},

=& 81922 Y9t block 8193% super hlocke]™, block 19 &3 Fd3sic o=
filesystemeol o] Aol 9l Zo|t} ojulE e2fsck -FEYEE A3} filesystem=S 7 &AF ¢l

&3

# e2fsck -a /dev/hda3 /% —a= error MAHEE EX| o1 Asdo=z HAMsiEt= 2. =/
super blockZ include/linux/ext2_fs.hell W&} Q& o FRAR o]FojA gt o FxA ¢
A7E g3 lkbyteo]th. LEZHY o|HYAES &7 ghEolth

F2A Ugo] ofE e, o] A9 ywAE WA ¢ojRdH od TS JS Aoy

/%
* Structure of the super block
%/
struct ext2_super_block {
unsigned long s_inodes_count: 63736 /% Inodes count %/
unsigned long s_blocks_count: 253953 /% Blocks count %/
unsigned long s_r_blocKs_count: 12697  /* Reserved blocks count */
unsigned long s_free_blocks_count; /% Free blocks count %/
unsigned long s_free_inodes_count; /% Free inodes count %/
unsigned long s_first_data_block: 1 /% First Data Block %/
unsigned long s_log_blocK_size: 0 /% Block gize %/
long s_log_frag_size: 0 /% Fragment size %/
unsigned long s_blocks_per_group: 8192 /% Blocks per group %/
unsigned long s_frags_per_group: 8192 /% Fragments per group */
unsigned long s_inodes_per_group: 2056 /% Inodes per group */

73) o] 72 e2fscko] &]3] filesystem2 HAIZIA|Zu] A}-LF T}, e2fscks= 3 H=R| super blocko]
ot E Qe ehE T FH) super blocks o] &%l
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unsigned long s_mtime: /% Mount time %/
unsigned long s_wtime: /% Write time =%/
unsigned short s_mnt_count; /% Mount count %/
short S_max_mnt_count; 20 /% Maximal mount count */
unsigned short s_magic: EF53 /% Magic signature %/
unsigned short s_state: 1 /% filesystem state %/
unsigned short s_errors: 0 /% Behaviour when detecting errorsx/
unsigned short s_pad: 0 /% %/
unsigned long s_lastcheck: 0 /% time of last check %/
unsigned long s_checkinterval: 0 /% max. time between checks */
unsigned long s_reserved[2381]: 0 /% Padding to the end of the block */
¥

s_inodes_count + 4Kbyte@d inode 17/A S &35 H inodedrt =83ttt 2t AAgHE
g tik ZAL groupttt A& ko] WlEEEE Axts ol A A, o] zhe systemo] A}
285 Q)& #H o inode g0t}

By At A4k mke2fs® sourceE #irslr] whghrt,

s_blocks_countE filesystem@ A 2] block F=o]t}. A A| patition blocksFH.t} 22
block®. & groupE sl vwxgte] TFal7]o] HF3 blockeES AMEetA gkevh Oy

A o] k& vE3
groups X 8192 + 1

s_r_blocks_count= s_block_count®] 5%-el 3| &3tu}
s_free_blocks_count¥} s_free_inodes_count & AF-&3}3L W2 block¥ inode®] o]t}
s_first_data_block2 AWM A super block H3.E 7}8]1 7},

s_log_block_size®} s_log_frag_size= block Z7]ZA] 0o]® 1024 byte, 1°]® 2048 byte, 29|
#4096 byteE YEFAT

s_blocks_per_group™ s_frags_per_group< $t group® hlock o]t}

s_inodes_per_group< ¢ group® inode o]t}

s_mtime2 filesystemS mount o A]ZFo| T},

s_wtime< super block®] W82 784138k A]7ko| T} (Jext2/super.cd] ext2_write_super ¥t
31)

s_mnt_count= filesystem<= mountdt 3 o]t} systemS AF YA Aujwlt}t o] gle] 18 =

71erS A Ao (ext?2_setup_superdraol o )

74)

e2dunpts RUEIS AMESH Ushs blocke] UISES dumps] B4 gl
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s_max_mnt_count FHHol mount5 & FH g0l th.(ext2_fshzhar)

s_magice ext? filesystem® super magic number®] ©

s_state2 @A filesystem® FHZA 1ol A2 209 errore] t}.(ext2_fsh#al)
s_errors< error’} WAE ¢S] set¥Hl v}

s_pade AHESHA ke Ao Kt

s_lastcheck®= mke2fs9} e2fsck7} vlA] 20 & systemS checkd A] 7},

s_checkintervali= lastcheck¥ ©] A]7to] AYH, mountA Zd Y& 22 dAAE &3+
=3

“ EXT2-fs warning: mounting unchecked fs, running e2fsck is recommended ”

54 group descriptor

group descriptorel= ;F groupe] WdF AR 7 St
I 8 v g

struct ext2_group_desc

{
unsigned long bg_block_bitmap: /% Blocks bitmap block */
unsigned long bg_inode_bitmap: /% Inodes bitmap block =/
unsigned long bg_inode_table: /% Inodes table block %/
unsigned short bg_free_blocks_count; /% Free blocks count %/
unsigned short bg_free_inodes_count; /% Free inodes count %/
unsigned short bg_used_dirs_count: /% Directories count %/
unsigned short bg_pad:
unsigned long bg_reserved[3]:

¥

o] FZAE 32 byte Z7lolth, wWetA 1 blockel 32717} oz k. &9 systeme 3170
9] groupe] & group descriptor blocko. & 719l blocke]™d FHt},

5.5 block bitmap¥ inode bitmap

I o= file systemS FEA3}7]o F83F 7]

o

Zt33 gl

filo

=
=
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block bitmap blockt§¢] 1 bit2 1 blockS JErAY, wahd 1709 bitmap blocko. & 819270 (1
group)® block AFEAEHE EdET d. o E S Null block2 bitmap block®] & byted]

bit 0ol mapping® th. ©] block F7]el set® o] AEFAS FAIS) & bit7] setg S 33T
blocke] AF&=9& Yebdth witr] o] A2 Z A kerneld v]oj2lE blocks #o} dataZ hard
diskel 227121S &4 9t} Null block¥ % o}yl super block, group descriptor block, inode

tables 9] filesystem A H = ©iL 9+ blockeE EF7F &7]6] AL&59 Zow ZA AL
inode bitmap® #Z2 WA (1 inode / 1 bit)o]t}. $F groupel EZHE inodeol )+ mapping®] 1

bitmap blockel] 98] mapping® . groupd inodeF7} 20567] ¢ = Z 1| bitmap block® 1/4%to.

2 7} inodeE %A ES )

56 1node table

Z+ file2 ZHAF 1709 inodeE 7}A 31 AT}t 9] inode table blockel] &¢17F= inode descriptor®
TFE ®A

* Structure of an inode on the disk
%/

struct ext2_inode {

unsigned short i_mode: /% File mode */
unsigned short i_uid; /% Owner Uid =/
unsigned long i_size: /% Size in bytes %/
unsigned long i_atime: /% Access time %/
unsigned long i_ctime: /% Creation time %/
unsigned long i_mtime: /% Modification time %/
== unsigned long i_dtime: /% Deletion Time %/
unsigned short i_gid: /% Group Id =/
unsigned short i_links_count: /% Links count %/
unsigned long i_blocks: /% Blocks count %/
unsigned long i_flags: /% File flags %/

unsigned long i_reservedl:
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== unsigned long i_block[EXT2_N_BLOCKS]:/* Pointers to blocks =/
unsigned long i_version; /% File version (for NFS) =/

File ACL =/

Directory ACL =/

Fragment address %/

unsigned long i_file_acl:
unsigned long i_dir_acl:
unsigned long i_faddr:

NN N
* % % %

unsigned char i_frag: Fragment number %/

~
3

unsigned char i_fsize: Fragment size %/

unsigned short i_padl:
unsigned long i_reserved2[2]:

1) dtime
fileo] 2HA|E Al7Y fileS 2HAISHE Aol sl s 598 ¢ =9 Ay

2) i_block
kernele] file2 hard diskel 7153 i, o] i_block[|#l el file¥AE 7] &%} Wl Aol = file
data”} 31 blockell thsh block W37t Soldvh. 18 wjdwo ®& 15(EXT2_N_BLOCKS
) /9] block el 7telA4 vk, A, weF file F7]7F 15 kbyteE W oW o9 & A
717 AARE g1 o] ALEH T

i_block[0] ~ i_block[11]7}A] gke] A A file data’} U= blockS 718, 288, whoke] 13
kbyte?! file®] 13 A blocke 771 7F8 71717 o]l AL i_block[12]7} 71871 blockell 7}
™ A} i_block[12]19] A& 4 byte’l 718l 91& Zeo] 13 A blocko] t}.

13 file Z7]7F 14 kbyteo]l®? ©913] i_block[12]9] 56,78 byte’}t 14H A blocke]td. o] H A
St blockell 256709 block®13.(4 byte)7} £z JoBZ 12+256709 blocks 7182
=5 A (2™E<B2>)

kernel2 fileZ diskel 7]1E3 o, 12kbyte”} doH FA| =
[12]¢] T blockH 32 91, &3 blockel|t} fileo] 7]E 5 o
T3 ghoke] fileo] 268 kbyteE WO oj9A =E71? 1wl kernel2 JA| =30E OE A=
+ blocks &%3le] 21 block®1 35 i_block[13]ell Y&=u, 2@ o]Hef &dk¥ blocke] 22¢]
A blockH 3= A A data’} = blocke] ofUt}. = i_block[12]19} 72 blockS 256704 7}
2] 7] = blocko|th. fileo] 269 kbyteo]™ 269 # block HIE Yo 7|EFH=AE WAL
kernel2 i_block[13]e] W37} o2 blocks &3, 1719 M ZF blocke ¢ sty =
Adol FAE EFdof dvh. a8z, FHA ZIFHARA 12 kbyteE dSul®E S I
orz 3HAY) block M3 E AW &3t block(i_block[13]e] 78l 71E)29] 1,234 byteel
71 E gtk A o7 A 98 i_block[13]e] 7}l Z 5 Q& block2 A= o2& 256 X 25670 9

4~ o |
ggrﬂn
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iblock[2] file block

file block

iblock[12]

iblock[13]

iblock[14] file block

;

file block

862> file®] Al-Eblock & A A

38<52>7 Z<5.1>2 AA file blockH3E 71898 W3 704, o]|=7bg, AErH o R
file blocks 7FelZ o wel 715t file 2715 YERY AT

A iblock[0-11] 12 kbyte

! iblock[12] 256 kbyte

o] Z7+4 | iblock[13] 64 Mbyte

227V | iblock[14] 16 Gbyte
<¥E51>

oJAOZAM o]EHO R JHFT BlEA filed HulZU]E 16 Gbyte + 64 Mbyte + 268 kbyte
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o

ol t}.

ext? inodeTZ A+ 128 byte?] Z7]E 7} ) inode tabledlE ©&3 2L T2 E inodeE
o] ol

inodet %% inode W3EZE 7[7 1 inode table2 inode 3% 1 ¢l inodetH AdHZE E9f
2 g A file?] inode WET 9A inode descriptor® #FHolA 1 filed] diskde A=
dolth, 1 <B.3>o YERY Qe 4719 inodet 4 oflofEo] & S0l o] fd=
ol ¢kxlold & AEC] o Atk

EXTZ2_BAD_IHO inode 1 128 byte
EXT2_ROOT_IHO inode 2
EXT2_ACL_IDE_IHO inode 3
EXT2_ACL_DATA_IHO inode 4

<1¥53> inode table start

* Special inodes numbers
%/

#define EXT2_BAD_INO 1 /% Bad blocks inode */

#define EXT2 _ROOT_INO 2 /% Root inode */

#define EXT2_ACL_IDX_INO 3 /% ACL inode */

#define EXT2_ACL_DATA_INO 4 /% ACL inode */

#define EXT2_BOOT_LOADER_INO 5 /% Boot loader inode */
#define EXTZ2_UNDEL_DIR_INO 6 /% Undelete directory inode %/
#define EXTZ_FIRST_INO 11 /% First non reserved inode */

inode tablelA A& 107019 inodet ol oFd AEo|v) w&hA, A inode 11 AFH o™ mke2
~fs& ©¢] inode WZ. o] “/losttfound”’E &3t} e2fsck® root directory(/rootE 71871 #A ol
ol e} AdE A 92 directoryyt H]AAAS fileo] WM E 7129 directoryel Al AA 7] L
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Jost+found®} ¢4 (reconnect,link)A] 21T}, wkeko]l /ost+found directory7} &A1 844 ¢ko ¥ direct

—oryE AAAA DT AAds

EXT2_BAD_INOE e2fsckell &3l #8 ™, &8]& 02 error7} & blockS A7 18] AHE
Hu) o] inode® i_block[lel& bad block 3.7} &7t} hard diskel A AF&38}A] %38 bad
blocks A8t Al o33t 2ok

inode 1 (EXT2_BAD_INO)ol| 3% block-s A g},

inode bitmapell “AMF7"Q1A 0.2 TA| 7T

EXT2_ROOT_INOE root directoryE $1%+ inode o]t} 7] & filesystem®] ©] root directory %

o] A TS FI ). systemo] FE o] kernel2 o] directoryel filesystem= mountr] 71 .

EXT2_ACL_IDX_INO, EXT2_ACL_DATA_INO, EXT2_BOOT_LOADER_INO, EXT2_UNDEL_
DIR_INO+ EXT2_BAD_INO9] 7Z-AH#H ojt programel 93] ZA=AY, doz wEo0d
7159 ASERE JAFY. B3 EXT2_ACL_IDX_INO, EXT2_ACL_DATA_INO= version 1.0¢]

A 9A4del @ H AR FAFAY (fs/ext/acl.cd 4 #Fa1)

EXT2_FIRST_INO= user’} AFEe5 & inoded] AlAHH S oY), oMM E D@ So] filesyste
-mE FE% Z7)dE o]z o] Jlost+found Y EE D o &) FH ).

inode blockg block 5ellA Al&3sle] (group® inodeFel W) 257709 blocke] ddH T} &
& block 52 dumpstg . Z7)ol= o oF inodex © A inode 13 2%to] AL&=o] 9t}

Block 5:

00 00 00 00 00 00 00 00 45 BD 26 2F 45 BD 26 2F inode 1
45 BD 26 2F 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

ED 41 00 00 00 04 00 00 90 Al E9 2F 16 Al E9 2F inode 2
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16 A1 E9 2F 00 00 00 00 00 00 13 00 02 00 00 00
00 00 00 00 00 00 00 00 12 01 00 00 OO 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 inode 3

inode 1elA &2 SA AR ZAIR FE& FH3A o] 312 i_blockl0le] #@at= tolth. TheF

N —
o bad block7} Q2.8 oJ7]e| bad blockee W37} &9+ blocke blockH 3.7} &7k},

A -

a8 <564>8 BA

e |— =]

bad blockE

<2¥54> EXT2_BAD_INO

el el & inode 1o WEH #2919 hard diske 7H&3te AS 45 AL

inode 29 i block[0]= block 274E 7lg)9lxm Yok, £, block 274E root directoryE ] %F
directory blocko]th. o] 3Lol+= root directoryel] U= file @ directorygd o] &, o]Edo] =9
AR7E Sol9gtt. o] AL o] inode’} directorye] %= 7] wFo|™, file inode?] 9= o]3Lo]
fileo] A3F31 )= block® 37} 917 Zl o). directory blocke] © st AAlgh 722 578 A

geg.

ED 41 00 00 00 30 00 00 C4 8A E9 2F 44 BD 26 2F  inode 11
44 BD 26 2F 00 00 00 00 00 00 0Z 00 18 00 00 00
00 00 00 00 00 00 00 00 06 01 00 00 07 01 00 00
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08 01 00 00 09 01 00 00 0A 01 00 00 oB 01 00 00
oc 01 00 00 ob 01 00 00 OE 01 00 00 oF 01 00 00
10 01 00 00 11 01 00 00 00 00 00 00 00 00 00 00
00 00 00 00 01 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

9] inodeW#2 block 6°] A+ inode 11o]. o] A& /lost+found directoryel] thgt Zsld],
mke2fsell o3 127]¢] directory blocke] wg #Hxo] v} o AWl directoryE
directory entry™¢] 47} Holytel wril blocke] © ¥t} wlA 2k ¥ directory blocke
block 273¢]t}. 71 Y€ block*H root directory blocke] Al ZHHE-S FE3}4}

12714 st3F¥ blockellE E3F directory, £%F fileE o] directory entryZEA], Sojzt Zo|t}.

5t directory block

directory blockel= 3| directorye] entryeel st AH 7} U9 FT2A (ext2_fshlell &3 o
Folzlt},

* Structure of a directory entry
%/
#define EXT2_NAME_LEN 255

struct ext2_dir_entry {

unsigned long inode:; /% Inode number */

unsigned short rec_len; /% Directory entry length %/
unsigned short name_len: /% Name length %/

char name[EXT2_NAME_LEN1; /% File name %/

o] 2 A = file =E directorye] Eo wl L2A el =77 7PE AT rec_lend |G filed]
TFx2AY Z7E Ut o] 3t Ao o3 49 mjFR o] Fof i),

75) file = sub-directory



Y2 Ad gAEAqo s 712 123

o

3¢

EXT2_DIR_PAD defines the directory entries boundaries

3¢

3¢

NOTE: It must be a multiple of 4
%/

#define EXT2_DIR_PAD 4
#define EXT2_DIR_ROUND (EXT2_DIR_PAD - 1)
#define EXT2_DIR_REC_LEN(name_len) (((name_len) + 8 + EXT2_DIR_ROUND) & \

“EXT2_DIR_ROUND)

&2 root directory block8! block 274¢] <HH-& o],
72 SFAAET fileW(name)olt}. inode 2& ¥ “."o]3L inode 112 “/lost+found”’©]™, inode

59854+ “/proc” o] H.

Block 274:

02 00 00 00 OC 00 01 00 2E 00 00 00‘02 00 00 00
0C 00 02 00 2E 2E 00 OO‘OB 00 00 00 14 00 OA 00
6C 6F 73 74 2B 66 6F 75 6E 64 00 OO‘CE E9 00 00
10 00 04 00 70 72 6F 63‘62 00 00 00 09 08 00 00

5.8 file &+7](file lookup)

A F7A =25 A0 2 kernelo] 499 fileS @A FEXE o4 vl dZ A open system
calle <3 9lol9 fileZ kernele] Zrolof & A5 Azs] HA parameter® A FE = file™
o 98] o] directoryell A Ztolof AR =E AAsof st

fd = open(”/foo”, 0O_RDWR):
d A9 root directoryell A "foo” fileS Zrolof &}ar,

fd = open("foo”, 0_RDWR)

d 7A9E A directoryel A "foo” fileL Zlolo} ght},
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task_struct] ] member®! root®} pwdE 719 8t=71? o] 59 typee inodeTF A pointero] v}
"/"= root directoryEA] B EA] filesystem©] mount® w70 ext2_read_superdt(fs/ext?/super.c)
¢} mount_root%F(fs/super.c)ell 93] set¥ o). rootell= inode 2(EXT2_ROOT_INO)9| pointer”}
Eol 7

olt] FEo|A] oldH AR H shb->mountedE 7]} FA-

* gset up enough so that it can read an inode

%/
sb->s_dev = dev;
sb->s_op = &ext2_sops:

if (Y (sb->s_mounted = iget (sb, EXT2_ROOT_INO))) {

< ext?2_read_superdg o A >

sb = read_super (ROOT_DEV, fs_type—>name, root_mountflags, NULL, 1)
if (sb) {
inode = sb->s_mounted’
inode->i_count += 3 ;
sb->s_covered = inode;
sb->s_flags = root_mountflags:

current->pwd = inode:

current->root = inode:

< mount_root& f el A >

pwdE A ZLGEF9 directory EA, directoryE o] £ wvlt; setH o).

A A directoryel Al "foo"E FE=tla 1A kernel WA pwd inodeol A i_block[0]& ©] &38}4]

76) setup system call Jol|A] root directory”Z} mount¥ T},
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m s

A A directorye] AWM A directory blockS 2=th I blockels @A directory Wel & files
9] dir_entry descriptorgc] 9 Ao|th I FoA "foo"#le o] EE 717 descriptor® 3=t}
22 descriptorell= inode W37} 9t} inode tabledl= inode T+F A7} inodeH 3 A= 9
017 R "00"9 inodeE ZS4 Y. OK! Here we are. L1 H AA fileo] Y& 322? "foo”

= %
inode?] i_block[lell 93] o™ FHuf,

384 dir blockel A “# “.” entryE E9E3i}
& dA  directoryE, “."& w2 9 directory(parent directory)E UEWT o ZA
“/lost+found” 9] directory block®l block 2629 W82 B.A},

[l

Block 262:

0B 00 00 00 0C 00 01 00 2E 00 74 24 02 00 00 00
F4 03 02 00 2E 2E 00 83 7E 04 00 7F 06 66 C7 46
04 01 00 66 83 7E 06 00 7F 06 66 C7 46 06 01 00

byte 09] OB "/lost+found”9] inode W ¥o]il, byte 129 02 “/"¢] inode WIE2A root
directoryZ 718 71t} byte 245 EHE 228 7] (trash)ZEE o] o}

dir_entrys7} 2ol &AH dir blockel= "9 .= §1S1, directory inodeg] i_block[1]4% ¥
7} 49 blockel 2H o

ol Al Aojk “cd’et “find"@H AT FHEE AHL oIS Aol

59 file 2HA|

file2 2FAIA] 9] & system call2 unlink(sys_unlinkH5=) o] t}.

unlinke vhaat 22 2Ags g

1) directory blockel A #]% file descriptor® 2} inode numberE 0 & ThEth wbA, o]
h

kernelo] fileS 2Z+S# 31 3}H, inode tableol A 33 file9 inodeE & A F ). inode

number+ file | &3 inodeE AAAAFTE FL Foolth. 28lar, ASH = file9 rec_len
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TS ulz gko] =9l file?] rec_lenol] T3 t}.(ext2_delete_entry H-<fs/ext2/namei.c>)

2) iputstao] 93] inodeE freer] Z1t}. inode bitmap blockel A &G bhitE "v AR o 2 TET

T8l a 2FA Al 2ol i dtimelext?2_free_inode 3 <fs/ext?2/ialloc.c>)S  set$rt},

3) i_nlinkE @A 1 inodeS AL&3tE fileTE @oth 5112 oA =9}

5.10 inodeTZ A (fs.h)2t ext?2_inodeTZ Al (ext2_fs.h)

inodet = A= memoryel A kernelo] inodeE #lsl7] 918 =A™ processet TR W
Eo] Eo] 9t} A, ext2 inode Tt FAE oA AP 5o0] filesystem? inode tablee] =
7} = W&ot} open system call2 fileS 78w ext? read_inodedrgoll 23] ext2_inode
ZA9 WEe 9o inodetF Ao Eeth

5.11 symbolic link®} hard link

5.11.1 symbolic link

ext?_new_inode<ialloc>38t5ol &3] H3¢E inodeE v} F3t}. ©] inodeE symbolic linkel
93] 5o A target file® inodeolt}. L& d|, o] inode®) i_blocklEXT2_N_BLOCK]™e]+= 154
olulgte =ACE source file® o]F°¢] &7tk ek source filed] o] F°¢] 15A4E devtdH
M2 blocks &F38laL, 13kl o]EE o] ey 183, target inode->i_block[0]el] v7}
71 block H3E ¥+

olg7 &oZMN target file ©A o]EFETO T source fileS Zrolzit},

5.11.2 hard link

77) memoryol 9l inodeTZA| 8] i_data[]i= hard diskell Sl i_block[13} Ztia B Hc},
file2 open¥ul] kernel2 i_block[]w]&e] ZtE& Ictl=E i_data[]of copydtct.
(ext2_read_inoded}t~)
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o

hard link= inodeE t©] WEXA g+=v. & source filed inodeE 7%t} hard link= i_nlinkg)

S 1 Z7HA17] a1, directory blockel] target file®] entryE YEUY. hark linkes % inode°l file 9]

symbolic linkAlell “Is -1” & &3] Bw source filed] link7} W3tA & 2& 54 v}

# 1In -sf gcc foo

# 1s -1 gcc foo

-rw-r——r—— 1 root root 149399 May 6 02:27 gcc
lrwxrwxrwx 1 root root 3 Jun 23 20:58 foo -> gcc

target filed} W& inodeE AFE3}7] wZo|th, 2elal file Z7]7} source file®] o]&FZo]dl 3
byted 2 24 Qvh.
I3 hard linkA] o= source file®] links7}F 1 Z718t}. ol &) target file® linkg~E source

file?] linkT ¢ E493t}. inlinks inode =2 A (dir_entry7} oFdl)e] &a]gd A oke7}?

# 1n gcc foo

# 1s -1 gcc foo

-rw-r——r—-— 2 root root 149399 May 6 02:27 gcc
-rw-r——r-- 2 root root 149399 May 6 02:27 foo

i uko 2 o5 AAAZFE AW B A symbolic linkA] o= target file®] A]ZFo] linkE A A
8t AlZbolt}. 181} hard linkAl o= source file®] A ZHE webtd, 242 inodeE ARSI E

2 source file®] AlZbo]&, linkE ¥+ Al Zbo]=7tel| & ol dfuhvh ARRSpito] le AAo|n

512 open system call

#define NR_OPEN 256 /% Bt process)} CIEx Y= filexr =/
#define NR_FILE 1024 /% A process?t CIEx QU= file =/

1) file descriptor

open system call2 WA AW = filee] file descriptor ¥H 3.
T}

HE# A& ZholH, open system calls 3Z3% processel Al #e7} A
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3.0, 1, 2= standard input/output/errors& 98] &4 terminal deviced| 7|8 @Fwo] g} F
B g o A setup system call th2¢l consoleS ¢8| standard file descriptor® €% 42 =

hd

do -

=& 7eaA,

(void) open(”/dev/ttyl”,0_RDWR,O0);
(void) dup(0):
(void) dup(0):

file*Z A(struct file) 29 file descriptor® memoryZtel] 1El® 2% tableR Y-S o] F
z71el = 102440 7) Z8t AS AAEHYSuE Af= e, 22& process7l E Q.3

H dojr} AL &3 Zloltk. 2wl processtE descriptori Eoll AF2E file descriptor® A ZAA 7
=8

current->filp[fd] = file descriptor pointer

memory 39 A-f-Z-& file descriptore = processt A Z QW 7PAY ALESta, o AFES)
ARE R =

38 <B5>E file descriptort] .8} descriptorete #AZS Ve gl

process 1 )
desc 0 |) simecd [ struct file )
r desc 1
dese 2
dese 3 n
process 2
r desc 433
process 3

file descriptor table

<1¥855> file descriptor

v
o

TZA&= file descriptor® +%E JEdY



fU2 AW gAEAoR S

129

struct file {

mode_t f_mode;

dev_t f_rdev;

off_t f_pos:

unsigned short f_flags:
unsigned short f_count:
unsigned short f_reada:
struct file *f_next, *f_prev:

struct inode * f_inode:

struct file_operations * f_op:

/% needed for /dev/tty %/

f_count ZrsHE 9 processEol 9@ o] fileo] A} RS0 9d2& vhehdTh

2) open_namei

o] ¥4~= open system call ZE9] YFRES XA G

1)

if ((inode->i_count > 1) & (flag & 2)) {
for (p = &LAST_TASK : p > &FIRST_TASK : —-p) {

== struct vm_area_struct * mpnt;

if ('xp)

continue;

if (inode ==

*p)->executable) {

iput(inode):
return -ETXTBSY:

}

for(mpnt = (*p)->mmap: mpnt; mpnt = mpnt->vm_next) {

if (mpnt->vm_page_prot & PAGE_RW)

continue;

if (inode == mpnt->vm_inode) {

iput(inode):
return -ETXTBSY:
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9]  open_nameiZ =X 12 FAIH o] AL T file FiHol 49 process’t AFEE AL
9= AEl ol A (inode->i_count > 1), fileoll writed}#] 1L(flag&2) Al =%t 73 -$-o] ),
vm_area_struct® unixelX &3 FFolgtn EE-$E memory FEAAL) #FAH FTEZAZA
A AL TH H22| 2EldA "EY. AV d o] FZ2ATE mmap system call 3
Al disk®} mappinge] ©]F°]F memoryF dol] it AEE Hu S YolFA, mEQ old
g A A vm_inode= mapping® file®] inode®] ™, vm_page proti= o] @] s ¢ 7] 227]
2ol F7EA ARE Uea gt 271 A o] 7Hs(PAGE_RW)SHA] gkvd, ¢ 7=
ol A flagetel ¥-F32 open_namei?rd-& AdlE Eol7A Y .(return ~-ETXTBSY)
p—>executable® @A process®A FHZ9 file(binary)™2] inodeo]™, T#A] oJ# process’}t
o] files F-G3ati Y& AuEt fileo] 3 27124 S 58t (return ~-ETXTBSY) £ A
process®A] FHF2 binaryelE 27 &AYS g gtk o] Wa4E exec sytem callel 23 pro

—gramo] FH 2w setP T}, exec system callel thajAs 72 Oj=2g| 2e2|olA Tt}
3) truncate

open system calle]l 93] AEH O_TRUNC flagel 93 filezZ7]E 082 w=E AL truncated}

31 Gt} ext? FAAIAES 93 notify_change@E ¢t .(super.c)

513 mount

5131 7Ma

filesystemv}t} fileS open, read, writeE sk WHo] G&tof Aol ks @A mountd}
T Y2 vz ol AE AHFE FE Aol
o E 5o /mnte] MS-DOS filesystem2 mount3tg thal 714 844

# mount -t msdos /dev/hdal /mnt

o] & /mnt directoryel] Eoi7}=

# cd /mnt

78) bash processZ}H diskAte] /sbin/bash fileg Ziic},
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o]l - HE MD-DOSE ¢3¢t file operation® open, read, write =3 H}. &8 /mnt directory
E wA YL ¥, root filesystem typeol ZHE file operation®7} 32 7l o]t}

Z7)el= HH"HA] sys_setup system callel €3] '/ (root directory)e] filesystem®] mount® t.(
mount_root %)

A FHE file operations setdslE AL 2R A

5.13.2 mount system call

mount system call®] 712 242 mount A Z#HE filesystem? super blockS ¢ ojgol= 749
t}h ol & P& ext2 super block(include/linux/ext2_fs.h)F&A o o7k},

1) struct super_block super_blocks[NR_SUPERI];

static struct super_block * read_super(dev_t dev,char *name, int flags,
void *data, int silent)

{
/x B 2 oxy
2) check_disk_change(dev):
3) s = get_super (dev);
if (s)
return s;
4) if (!'(type = get_fs_type(name))) {
printk("VFS: on device %d/%d: get_fs_type(%s) failed\n”,
MAJOR(dev), MINOR(dev), name):
return NULL;
b
5) for (s = O+super_blocks ;; s++) {
if (s >= NR_SUPER+super_blocks)
return NULL;
if (!s->s_dev)
break;
b
/x = 2F x/
b

1) 7+ filesystem® super block2 golE5¢, 7 Y& GolFrE Lot}
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(NR_SUPER == 35)

2) port 3f7(floppy.c)S golEeol= Ao o4& floppy7t BIALR=EAE LAY, o] AL cdromo]
v floppy7 g o= 3|4 LS = buffervA S &2l3t7] $38 AFE# T}

3) super_blocks Bl AellA mountA] A& = filesystemoll tst Ao] oju] EA3}1r 9EA check
sto}, 218dsdE vy return.

4) mount FAZF ol typeo]l At = name '‘msdos’, ‘sysv'Eel et} ffs/filesystems.cE
Hol Y5 E filesystem® super blocks ¢lojEolE 7t ok v} wek MS-DOS
filesystem= mountA] Z # 31 3o} msdos_read_superE 7173 W€ &2 pointer7} return®
Aol T},

5) super_blocks[lel A Bl E FES 2=t}

A FHEHE ext? filesystemol] 4] DOS filesystemS /mnt’ direcoryel mountA] 21tk 7174 gk},

# mount -t msdos /dev/hdbl /mnt

o] & '/ directory® '/mnt’ directoryel A inodeE glojEol= v tE2Y. £ '/ directoryel

e ext2_read_inode®+7F = E 7l o], /mnt’ ol X+ msdos_read_inodedt7} =8 H o}

& FE=+ msdos_read_super@g-9] dXF-olt}

S->8_0p = &msdos_sops:
if (!(s—->s_mounted = iget(s,MSDOS_ROOT_INO))) {

msdos_sops &2 DOS filesystem]F-ol A 2 2 3 inoded 7] 59 2o AT

static struct super_operations msdos_sops = {

msdos_read_inode,
msdos_notify_change,
msdos_write_inode,

msdos_put_inode,

medos_put_super,

NULL, /* write_super added in 0.96¢
msdos_statfs,

NULL /* remount */

3
~
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9 BEo|A s_mounted’} EEH H& FE3}A o] Wo]E mountA 7 filesystem? root dire

—ctory inode7%A pointer’} £¢17}, mount system call ®F-E-o]A mountAlZl directory
inode?] i_mounte] ®H#FH}h

e IEE do_mount?Fe ditoltt,

1) if (dir_i->i_count != 1 || dir_i->i_mount) {
iput(dir_i):
return -EBUSY;
}
if ('S_ISDIR(dir_i->i_mode)) {
iput(dir_i):
return -EPERM;

)

2) if ('fs_may_mount(dev)) {
iput(dir_i):
return -EBUSY;

)

sb = read_super(dev, type, flags, data, 0):
3) if (!'sb |1 sb->s_covered) {
iput(dir_i):
return -EBUSY;

}
4) sb->s_covered = dir_i;
5) dir_i->i_mount = sb->s_mounted;

D2)3) -8 mount® B FHF ol HE v 2 olHE oA Hh

ot

# mount -t ext2 /dev/fd0 /mnt
mount: wrong fs type, /dev/hdal already mounted, /mnt busy, or other error

2 /mnt directory?} AF2ZF0|C}.
2)= C}E process?t 0| file system2 XS5t QUCH
k=2

3)2 wrong fs type(super blockOl EA 7t /AHLHO[HLE /dev/hdatO| oO] mount=l0f RUCE,
oZE Fo weF A EgolHe] o JF HHUYAALS mountAlZ# 3L 3H super block®]
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AhE o] FE mount”t HA gE

4) s_covered= ‘/mnt’ directory(mountA] Z directory)® £ finodeo]t}. o] ¥
IHA /mnt directorytfel A X

-ntoll 93 /mnte inode= vlH A Ht},
= ““Vﬂurguﬂi & A,

& lookup@taol dH-o]t}.

if (len==2 && name[0] ==
if (dir ==
xresult = dir:

current->root) {

return O’

", 8 mame[1] == ".") { /% cd ..

=9 5 2 A 2k mo
2 directory?l ¢/

0R
s
1o
oM
0
i

} else if ((sb = dir->i_sb) &% (dir == sb->s_mounted)) {

sb = dir->i_sb;
iput(dir);
dir = sb->s_covered:
if ('dir)

return —-ENOENT;

dir->i_countt+;

5) mount¥ ZFEjel A loockupds=

ZSu= DOS filesystemol 4] Zrolol gk},
lookup&= HA /oA /mnt'E S Aot o]

'/mnt’' 2] inodeE DOSE root inode(i_

if (crossmntp && inode->i_mount) {
struct inode * tmp = inode->i_mount:

tmp->i_count++;

iput(inode):

inode = tmp;

wait_on_inode(inode):

olAl '/mnt'E DOS9 root directory’} v U Eof

A DOSOf| A= inode tableo]

BA——

AF3te] /mnt/command.comS FETha

el /mnt’' & ZSul= ext? filesystemel| A Zrolol A A vk

mount)® HHET} igetdo UL mE

713,

o /mnt’ el A ‘command.com’-S

] iget3Trl AFEEEU], o] el A
= HA;
"/mnt’ el E inode™E ¢ 7] 93l

gl 22 diskol|A] FAT(file allocation table) B}E T}-So
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msdos_read_inodeE AMHE3IA =205

e2dumpE A28t mountell 98 /mnt’ inodert ol €A vlHERE ®A}

# e2dump —-n /mnt /dev/hda3

INODE 37012

File mode 40755 (directory)

Owner Uid O Group Id O

File size 1024

Access time : Sun Jul 2 22:59:59 1995
Creation time : Thu Jan 26 16:10:40 1995
Modification time: Thu Jan 26 16:10:40 1995
Links count: 2

512-Blocks count: 2

Version: 1

Allocation:147745

# mount -t msdos /dev/hdbl /mnt
# e2dump —-n /mnt /dev/hda3

INODE 1

File mode O Owner Uid O Group Id O

File size O

Access time : Wed Jan 25 21:06:13 1995
Creation time : Wed Jan 25 21:06:13 1995
Modification time: Wed Jan 25 21:06:13 1995
Links count: O

512-Blocks count: O

Version: O

/mnte] inode WZE 7} 37012¢14 1= HH Y. DOSE root inode?l inode 3+ 1 o]t}
(msdos_fs.h)

#define MSDOS_ROOT_INO 1 /* == MINIX_ROOT_INO =/

Z2)8}= root directoryE A AHCTY.
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ext?
INODE 37012

fmnt

< hefore mount =

L

ms-dos < after mount =

<1¥5.6> mount direcotry®] inodet 3}

ol A '/proc'el WAAME e2dumpE AF-E3 EZ ikt 9 A] PROC_ROOT_INO? inode 3. 1
S wAdAot}, F3E ext? filesystem & root inodeFE 2 (EXT2_ROOT_INO)o] t}.

inodedl= i_deviles &5Fo] dEd, B4 filesystemo] &4 3= block device® WEFAL} i_dev
£ majort 3¢ minorH 3 E 71X 31 e, o=l 93 device(Rt} HESA= partition) 7}
Al ZslE sectorP A E L Yt sector A E setup syste calle] BIOSH K E o] 235} setst
o). setup system call#t block device®] i_devtzel talAE 9% Els2A TDHE[M oA thET

w & A inodeE ottdwl oW deviceol A fileS ¢ i, AEAYS HofEgAE YA HY. b=
Bo] &4 (union)= | filesyst

H
inodex= memoryel] ¢ %8+ inode(memory inode)o]t}. S5 3
-em?| disk inodeZ® i)t} diskelAd @] &9l disk inode= ©] F+Ao Eoj71A |
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o

struct inode {
dev_t i dev;

unsigned long i_ino:

umode_t i_mode;
nlink t i nlink;
uid_t i_uid;

gid_t i_gid;

dev_t i_rdev;
off_t i_size;
time_t i_atime;
time_t i_mtime;
time_t i_ctime;

unsigned long i_blksize:
unsigned long i_blocKs:
struct semaphore i_sem;

struct inode_operations * i_op:
struct super_block * i_gh;
struct wait_queue * i_wait’
struct file_lock * i_flock:

struct vm_area_struct * i_mmap:

3

struct inode * i_next, * i_prev:
struct inode * i_hash_next, * i_hash_prev;
struct inode * i_bound_to, * i_bound_by:

3

struct inode * i_mount:;

struct socket * i_socKket:;

unsigned short i_count:

unsigned short i_flags:

unsigned char i_lock:

unsigned char i_dirt;

unsigned char i_pipe:

unsigned char i_seek:

unsigned char i_update:

union {
struct pipe_inode_info pipe_i:
struct minix_inode_info minix_i;
struct ext_inode_info ext_i;
struct ext2_inode_info ext2_i;
struct hpfs_inode_info hpfs_i;
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struct msdos_inode_info msdos_i:
struct iso_inode_info isofs_i:
struct nfs_inode_info nfs_i;
struct xiafs_inode_info xiafs_i:

struct sysv_inode_info sysv_i.

5.14 kernel® inode &

kernelo] inodeE &3 22 buffer cacheZ #H& sk WA 3 FAMSI T

MzZE fileo] sty AP T 7HE sk A o] fileol] Wit inode® §17] wWlitel inodeE &
U geefordttt. o] wl jallocdrt AHEH T

iallocgt== WA inode bitmapelr AFE50]A &2 inodet Z.(inode)E T 3$+t}.(inodet 3.7} Ab
LFold A bit7l setFTr) 283l ¢ inode s|E hitE setdt™, inode hash tableo] T
inodeZ 719949t inode hash table® buffer hash tabled §-AF3}th. $H diskel A &9l
inodeE # t ¥ hash tableel &3] ThA] glojEol A gk7] #jato] Ar&HT

2913 HF AEA dFH inode= T3¢ hash tablee] 1714 #Hdh o]¥ filesystem? inode
tableel A 299 inodeZE ¢lo]Eol7] HAAME igetTFE AT

f
=

iget(* super block, inode number):

igetdt== WA hash tableolA] ZFolr 3 go ™ diskelA inodeE ¢go]Eot). ¢glojE 2l inode
£ hash tablee] S917FA Bt} iget@d5= hash table®wt ol @} jnode free listE #Ha g},
inode free listE disk inodeE gAEY &E#memoryd7Hmemory inode)S 8|2 A3 gl
=3

U iget¥ T IZEE BAL

struct inode * __iget(struct super_block * sb, int nr, int crossmntp)
{
/e BB w
1) h = hash(sb->s_dev, nr):
repeat:
for (inode = h->inode: inode : inode = inode->i_hash_next)
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if (inode->i_dev == sb->s_dev && inode->i_ino == nr)
2) goto found_it;
if (lempty) {
h->updating++;
3) empty = get_empty_inode();
if ('--h->updating)
waKe_up(&update_wait):
if (empty)
goto repeat;
return (NULL);
}
inode = empty:
inode->i_sb = sb;

inode->i_dev = sb->s_dev:
inode->i_ino = nr;
inode->i_flags = sb->s_flags:
4) put_last_free(inode);
insert_inode_hash(inode):
5) read_inode(inode) :

goto return_it;

found_it:
I Y

return inode;

1) WA hash tableel A ZE=tf.
2) hash tablec] A 1A,
3) hash tableel Al 2A3LA] ¥ ). &3+ memory inodeE T3t}

memory inodet grow_inodes&el]l 23] THE oA =ul, get free pageol €& pagedt =
T3 A inodez=Z 7] & =Tl

nr_free_inodes += PAGE_SIZE / sizeof(struct inode)

ol g7 w57 memory inodeE2 12| (inode free list)® A% ], diskelX inodeE =
wl AWM disk inodel] &S FiE
4) A& memory inodet free list®] whx| e F=o}.

5) disk inodeZ ¢ memroy inodeel] H-=t}.
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18 <5 7>€ hash tabled} inode free list® AW 31 9t}
disk inode®lA] %% memory inodes free list®] wlx|ute] 11 hash table®] gle]] o7}

A Y. free listel = = memory inode’} AT hash tableol= AFE5%! inode¥ro] LA

A

— —1 —1
free list

T — —1

free inode

hash tahle
1block
disk —
inode tahle

<19 57> hash table®} inode free list

5.15 /proc

/proc directory= 7} filesystemel]l mount®©] Stk /proc directoryel H.olE fileE2 A
disk’del &A= Aol ofyth disk¥elE @A /proc directory®he] EA| s, I o] F-of
“proc” super operation®H+%, open, read, write system callg o] 93] kernel?} process¥# ¥ A K.
E9o] userolAl vwlz AA fileEHEH Ho]EF kernelo] #HElslar Y+ Zeolvh. ¥ A /proc

filesystem< memoryW el €43l vt E490

Al

/proce FRFe| Jetc/fstab fileo] 93] mount® ™, psHEaE 7} /procd FAHE o] &3t )

=8
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gl 5ol A processE #Y = FL% F 95 do_timer(sched.c)® schedule(sched.c)o] .
Bl

do_timer%t<=+= timer interrupt handler2A] 1&0] 100(HZ)HA FdHx, T 2AA #HE

AH T}, schedule@4E timeslice59] el 98] taskA &S 3 3l+= schedulere] H.

6.2 timer interrupt handler &<
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6.2.1 tms +Z2A ¢ itimerval, timeval T2
1) tms

struct tms { /% times.h =/
clock_t tms_utime;
clock_t tms_stime;
clock_t tms_cutime;

clock_t tms_cstime:

library a2l fimesS AF28tE, tmsT 2 A o] ZTE process Al 7Fo] Sol7bA Hth GNU syste
-mo| A& clock_t& long int¥d o]tk

processi= user mode¢} kernel mode2 Wzteb ©7bA Ht}. ¥ef read system calls et
= user modeo|A] kernel mode® FA3AT7F YAl user modeR Uo7 Bl oldw] user
mode®} kernel mode”} Z+ztell A QulgkEe] CPUE A& EA ] digh ARIL o] FxAe &

o 7HA At

tms_utime
processol Al WEHE A7 7] 3] ALEEHE CPU A7
Z 4437 process(user mode)o| A AR Al 7FS Wobu}
tms_stime
processol Al kernel mode® E°]7FC. 2 W, kernelo] 98] A2 Al 7F
tms_cutime
waito] Y waitpidell €3] terminate® $l-5°] ¥ &7 child&o°] AF%$ process FA| tms_
utime®, B2 process® tms_utimeS $9F Al 7E.
tms_cstime
waito] v} waitpidell 93 terminate® ¢l=°] & F childE9°] A%t process T A tms_

=
stime¥}, ¥ X process? tms_stimeS 3§+ Al 7+
02) timeval

time(time_t #result) 3= resulte] FAAZHE HEH0. SAA 2R 19709 1€ 1Y 00:00:00 (
epoch)ell A ZAakd Alzbolty, 18 kernel2 FA Al z+S oj@ A ol=7}?
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time_init(time.c) 7ol A1 CMOS RAMS glo] 94 Alzhe &7

xtime.tv_sec = kernel_mktime(&time);

kernel2 AAAIZHE v FxRAd dEH

struct timeval { /% time.h =/

~
3

long tv_sec; seconds %/

long tv_usec; /% microseconds %/
Y
tv_sec
epochol A A3k A F7kA] A7,
tv_usec

epochell A ZA7¥ Al 7Fo] microsecond(1/10000002) 2 Eol71A ¥t}

3) alarm setting.

Z} processi 3714 Z8H timer: 71A 3t Y
@D clock timeS A& AAIZF timer. ©] timere A3|F Al7to] Ayw processell 7l SIGALR
-M signals Bt}
@ process AA o] 93 user modeel A AHEH CPU Al7+S A= 713 timer. ©] timere 73
7 Al ZFo] AU processol Al SIGVTALTM signals R T,
@ process AA ol 3 user modeo| A AFEH CPU Al7Fi} system callel] €3] AFgH A 7F

[e]

< A= profiling timer. ©] timer= As]Z Al 7ko] AuA processoll Al SIGPROF signalS-

I=RUR=
struct itimerval { /% time.h =/
struct timeval it_interval; /% timer interval %/

current value %/

~
3

struct timeval it_value;

it_interval
A& E F719 SIGALRM signalrbe] o] zhbAolth. o] 7k el €3] SIGALRM sig
—nale] A&sA Bujolx A "
o] zko] 00]¥, alarm< ©A $HH Kol A Aot}

it_value
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AW A SIGALRM signal7hA| ¢ 7hAo|t}, o] Zko] 0ol A alarm7]52 $H.

o gt=ol "allME o F AL =odd.

6.2.2 do_timer e

22 schede ZEC] YsiglE A

long tick = 1000000 / HZ:
volatile struct timeval xtime:
int tickadj = 500/HZ:

* phase-lock loop variables
%/

int time_status = TIME_BAD; /%
long time_offset = O /%
long time_constant = O: /%
long time_tolerance = MAXFREQ; /x

long time_precision = 1; /%
0x70000000; /*
0x70000000; /*
long time_phase = O /%

long time_maxerror

long time_esterror

long time_freq = O; /%
long time_adj = O: /%
long time_reftime = O: /%

long time_adjust = O
long time_adjust_step = 0.

TolA o] ShpelM ALEEE WSt

timer interrupt period %/
The current time %/

RN
EE S

microsecs %/

clock synchronization status %/
time adjustment (us) =/

pll time constant */

frequency tolerance (ppm) */
clock precision (us) =/

maximum error */

estimated error */

phase offset (scaled us) */
frequency offset (scaled ppm) */
tick adjust (scaled 1 / HZ) */
time at last adjustment (s) =/

3¢

3¢

- W tickel A &5 10000002 microsecond®$] (timeval.tv_usec)o] v}, &, ticke 1/100% 2 A
interrupt handler® 57|17} o},

- volitile type8®

23} compiler] ] compilers AEWTZHE memoryi gt ol U}, HAAHOE A W=}

o] wj&ol longimpyY interrupt handler+ 3% W5ZES memory7} oFd, registerel A

80) Advanced Programming in the Uni

x Environment 178page

o]
1

=
=
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Aoz setimp7t FHFHw}, interrupt handler7} T E
Hete WHebA b2 237 yeues 71 duh ol A2 A
A ok dolt). volitile type registerolE #HS A 4
A, A9 ZA HoluE jumpel & AsHTgho] dAEE A7 E uhEuH volatil
—e types AR&3of St

- o]7] 4 PLL(phase locked loop) W58 adjtimex system callS A-&39S 7-$¢ timeva
-1 F2A9 tv_usecgk(microsecond) & 4FE3sl7] $13] AFEHTESD o] 7] 98 & 9] system
callo] AF&-5& 7395 wj A gy,

1) xtime.tv_usecgkZ processollA] adjtimex system callo] TEH A & 3 v 7o o3|
0, tick, 2stick, 3+tick® gkl F7heheh. 1eivisl 1&o] s1gehE 10000007 5™ oAl 07
s o F7tetr] Al 2Fghe
xtime. tv_usec += tick + time_adjust_step(Z=J7|[X| 0);
2) 127} AU second_overflow 3.
D time_adjgr< FINE_TUNEZL®]t}.
@ 660x7H8) CMOS RAMS] Al Z+H& 78419k}
3) jiffies= timer handler7} 4= &wjvulr} 14 ZF71et)
= 1/100x°] 3|3t
4) calc_load
FAA M loads o1 F] taskTE A4S
5) processell 9§+ Al 7H(user mode)d} kernele] 2] %t A]7H(system mode)S A 4HgHA
O user mode
VM_MASKE 714 8086 modeS AT 7395 wel=dl, o] 22 processol 23] vms6 sy
-stem callo] 3.E&2H 02X eflagel set® . selector rpl=3 ©] ¥ user level2 2| v] St}
74 timerel AA¥E Al7Fo] Euy SIGVTALRM signalS R AT}
@ system mode
task[017} B FS A 7R Bl Al g},
6) task TZ=A 9 counter= v}l= 3| process? timeslice”’} o}
timeslicet schedule®7} 85+ F715 Do) 52 27] WA (version 0.1)9] A$&

timer interrupt handler’} 382w vlt} scheduleo] YA I, =, 1/100%vlt} 27 sche

81) 2el& adjtimex system callo] tf3l] wo| x| &E3tc}
PLLO] thgt 7] Al&tol tisiA e AHAHE HaLsty] vigict

82) Why 6607

83) /proc/loadavg %31
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~duler7} R =gE Aojth8d

countergt< handler+ @A w14 7+A4sto] 0¢] =H scheduler”t =3 ¥ t.(need_resched
=1) = countergte]l HFE timesliceol 8] %3Ht}l. countergh-& schedule(sched.c) 3404 proce
-ss9] priority (-2 @)e] &3] AA =

52 schedule($t :E=9] Aot}

c=-1;
next = p = &init_task:
/% TASK_RUNNING ArEHQIZd =0 A countergto| 7} £22dg 3t=rCt, gLt
init_taski= CHAMOIAM HMQIEICEH =/

for (7)) {

if ((p=p->next_task) == &init_task)

goto confuse_gcc2;
if (p->state = TASK_RUNNING && p->counter > c)
= p->counter, next = p:

}

confuse_gcc2:

/x JtA 2 20| oo[2t= 2ol EICH =, process=0| AtAl2| timesliceE =2
T AISSIRACE J2M CHAl timesliceS Y E=Ct. O [f init task= &
ey =ICH init_task= OFRl H AF2El counterZS 7HX|Z YS$=
C}. OFR2 process/t $8E|X| 942D init_taskZF counterE J}&! Zi0[C}.
®/

if (te) {

for_each_task(p)
p—>counter = (p—>counter >> 1) + p->priority

/% counterzfO| 7t& £ process?}t next7} E|EZ, counteri}S process’} &
atLt A YE=LFE 2SS 2Lt

switch_to(next); /* task M& x

~

Zv7F 15 o] th.(sched.h® INIT_TASK 71k #11) forkAl

& A7 ]
gro 2 v a8y 273E AMESE 89 E countgh2 prio

=9 27|ZhE setpriority®t nicez 9 system callol 93] vl&

countergk @} priorityd] %7]3k

A2 process® Z7|counter:s
-rityel] 93] 157 ®h o &

84) MINIXoJ A= 120 10M #7820 % schedulero] =3It}
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7) profiling timerel] A A¥ A]zto] & SIGPROF signal2 Bt}
8) mark_bh(TIMER_BH)= timer_bhE}+ bottom half routine®] T35 &% 3t}
timer tableo] S+ oW timer® 3 AlZto] ¥AHW, timer bh¥t 7 ¥ Y. timer

tableel & &3 2L timergo] o] 45 9t}

BLANK_TIMER console screen-saver timer blank_screen()
BEEP_TIMER console beep timer

RS_TIMER timer for the RS-232 ports rs_timer()
HD_TIMER harddisk timer bhd_times_out{()
HD_TIMER2 (atdisk2 patches)

FLOPPY_TIMER floppy disk timer (not used right now) floppy_shutdown()
SCSI_TIMER scsi.c timeout timer scsi_main_ timeout()
NET_TIMER tcp/ip timeout timer

COPRO_TIMER 387 timeout for buggy hardware. . copro_timeout()
TAPE_QICOZ_TIMER timer for QIC-02 tape driver (it’s not hardcoded)
MCD_TIMER Mitsumi CD-ROM Timer

SBPCD_TIMER SoundBlaster/Matsushita/Panasonic CD-ROM timer

£

QEZ ojdE AR Y E TFEE timerdT 0]
ol & timer9] WA A]7ro] A A WA timer_active® 9| 3
—sHFolE AR A7ro] Eojrta, 8] 3 fn(void)HFelE 1 Al 7ko] A3 F3HE timerdt

T7F Zzh Eoi7kA A

=

= bitE setdtI timer_struct®] expire

struct timer_struct {
unsigned long expires:
void (xfn)(void):

extern unsigned long timer_active:

extern struct timer_struct timer_table[321];

9) timer bottom half routine(timer_bh)

timer_activeell 4] 3% bit clear
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AR timer FHH ST 3.
10) itimer_ticks® schedulers3 Al vttt 02 =7|3#HAT. & o] k2 scheduler’} 3% 7+4 S
LHERA O

22 qglarm system call®] FE(sched.c)o]t}.

asmlinkage int sys_alarm(long seconds)

{

struct itimerval it_new, it_old;

it_new.it_interval.tv_sec = it_new. it_interval.tv_usec = O;

it_new. it_value. tv_sec = seconds;

it_new.it_value.tv_usec = O;

_setitimer(ITIMER_REAL, &it_new, &it_old):

return(it_old. it_value. tv_sec + (it_old.it_value. tv_usec / 1000000)):
}

U2 _setitimer@ #E9] Aol

case ITIMER_REAL:
if (3)
j += 1+itimer_ticks:
if (j < itimer_next)
itimer_next = j:
}
current->it_real_value = j:

== current->it_real_incr = i;
break;

alarm system callell 93] it_real_valuegto] A3l A=dl, o] ko]l 07} H ¥ schedulerel A SIG
-ALARM signale] processol Al Bule] At} it real_incre itimerval %A oA it_interval
of 93] A=, o] gkol olof itimer_nextgto]l HaFh o] MG gk SIGALRM signal
S BUlZ intervalA] 7trEo] s 29

of 93 scheduler® 7] 5AlA Al SIGALRM signals Wel =5

o

=
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if (itimer_ticks > itimer_next) /* do_timer2fs LJOIA] =/

need_resched =1;

<HE6L.1>

if (ticks && p—>it_real_value) { /% scheduler LHO|A =/
if (p—>it_real_value <= ticks) {
send_sig(SIGALRM, p, 1):
if ('p->it_real_incr) {
p—>it_real_value = 0;
== goto end_itimer:
}
do {
p—>it_real_value += p->it_real_incr:
} while (p—>it_real_value <= ticks):
}
p—>it_real_value —= ticks:
if (p->it_real_value < itimer_next)

itimer_next = p->it_real_value;
end_itimer:

el ==> BEE FEI}A.
2 signal@ A o] A A ¢ko W itimer nextgh-2 schedulerel ol&] =7]3H ~0& (A%
t} o] ke dWbH o R itimer ticksEUth uwl-§ F Fro]B R 99 mEB1> F71o] AHIA
k=

11) next_timer# 4 drivers/scsi/nerb380.c oA ARG, scsid o] e &9 7HEA
S 98 EAMeME OFA ge

6.3 scheduler(schedule &4*)

WA select system callel W3l 7] 8}A+
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int select(int nfds, fd_set *read_fds, fd_set *write_fds, fd_set *except_fds,

,struct timeval *timeout)

select@rE A3 file descriptorE9) setell 4 7F 7AW (QIHYPET Ul g
7HA, = timeoutA] 7k B AW 7bA] o] F4E FTET processE EA TAAI G

)

end_itimer:
if (p->state '= TASK_INTERRUPTIBLE)
continue;
if (p->signal & “p->blocked) {
p—>state = TASK_RUNNING:
continue;
b
if (p->timeout && p->timeout <= jiffies) {
p->timeout = O’
p—>state = TASK_RUNNING:
b
9 ZEE select@TE AFE3FE process® 73 TASK_INTERRUPTIBLES! A2 sleep

31 9l processel AR Al FHA ). interrupt”f %*@E%}‘?‘i signale] FAEE Zo]iL o]o{A process
= #elA Aoy TASK_RUNNING AHef7F # ok, p->timeout2 selectell 28] a2, A 7ko]
D AaEE 9A] TASK_RUNNING ZHejz &4,

6.4 TASK g

task= 7 #(switching) 3}

gttt gE2dAE mpEEE AR E impE H O R taskE AEEE ARE dolB A

#define switch_to(tsk) \
__asm__("cmpl %%ecx,_current\n\t” \ /x FNESHE task’| current task= OfHX|., =/
"Je 1f\n\t” \ /% if so, Not switch */
"eli\n\t” \ /% switching SI=SQt interrupt 9F ZE|A
"xchgl %%ecx, _current\n\t” \ /x* current(& A processZE 7f2[Z)H

3¢

i
£
o
= &
A
al
3¢
~




ffas 7ld 384 o s 714 151

m s

"1imp ONn\t” \ /% GDTLH 2| TSS[oH&process]Z jump.

"sti\n\t” \ &tsk->tss. trO| TSS descriptorE 72|20 =5 =/
"empl %%ecx, _last_task_used_math\n\t” \

“jne 1f\n\t” \

"clts\n” \

"1:7N\

! /% no output */ \

:"m” (*(((char *)&tsk->tss. tr)-4)), \

"¢” (tsk) \

"ex")

A BEoA HYAlE A S F processe] TSS descriptor® jumpde. &4 task switching©]
o] Fof Zt},

P callHHO0f 23l task MBS & FR, iretHHoOf Qdl, M S Y27 processZ E[E
Ol RUCE. I M= eflag0f NT bit7} set®[ U OF SfCt. (sched_initO|A] NT bitE clear
=SS 7[A5tAL)

@D task®7o] FETA EHA levelS &2
@ A taskFElE Sld TSS(task_struct->tss_struct)ell A &gk},
@ A& = process? TSS descriptor® selector($] oA &tsk—>tss.tr)S task register
of Y&
@ Mz task®d] FEHE TSSZHH loadsts A8y sy,
TSSo& process?d A o] Totx XA 9 pointerdHE 71 A a1 o},

task A #A] processor(CPU)E o231 722 42 7 At
Sk

ZaiE TSSE <HE6.1>e YEhlt}. task structe kernele] AgHA o] X ¥k TSS(tss_struct)T

Z+ processord] 2@ A A Ao}, task registerel] ¢ TFRAEZ e selectors: loadd o 2 A
tss_struct® W-2& process?} #E 5 HArh T1# Y tss_structell 49 EF7} processore] 2] 3|
#FH=EE 2L olyu E<GB1>olM HOAS tss_struct®] io_bit_mapl |7} A o] processorel A

WA o),

hd

85) ljmp(far jump) WHolx= HIE oA task switchE 3] A1&EH4 Qi)
80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 460page W&o U2t
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"empl %%ecx, _last_task_used_math\n\t” \
“jne 1f\n\t” \
"elts\n” \

taskA go] o] F )XW processors crolA AEA O T TS bitE setdhths® TS bit7} sets #
coprocessor B&8o]7} =3 =€ ul, coprocessor not availabled] 9807} BASLE o] Lol A clts
Hd38olZ TS bitE clearr] 73, wFA DO Z  coprocessorE® AFRSF  taske] TSSe] &)
coprocessore] et ARE BB} T8l A task®] coprocessorel] ©dF AR E coprocessor
9] stackell loaddlil last_task_used_math®5E current® S+, (syscall.S9 device_not_
available*+ #+31)

wkoko] A task”} coprocessorE WA O @ A2 task#FH, coprosessord] stackel

= AR kil BEEO] QS ACER clitsWHE THAA vt dAeA s

o yo
£ 0
3

mO
-z
A

> 2865 olatr]ES 9% TSS169 32E TSS32¢ ¢

fo

2 o] Foj )

6.5 debug register

PN
s
L
o

debug registers< 0% t}.

#define loaddebug(register) \
__asm__("movl %0, %%edx\n\t” \
"movl %%edx,%%db” #register "\n\t” \
I /% no output %/ \
:"m” (current->debugreglregister]) \
ax”):

debug® process?t Y= = Fo HabE HHAY dataXFe RS 7198 2 AHeA int

—errupt(e ®]) handler® 35t 187 Yside Wsk= A" dA] FAAIFA o2 handle

86) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 2]

3.8.2 Saving processor extension state on a task switch
87) g]E oA syscall.S2] device not available code
88) 80386 ZE 13 QIE-138tAl 235page IEZA|A] o9
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31 23 15 7 0
I/0 ¥4 | wlo]24 | 00000000 0000000T |64
00000000 | 00000000 EDT 60
00000000 | 00000000 G S 5C
00000000 | 00000000 FS 58
00000000 | 00000000 DS 54
00000000 | 00000000 SS 50
00000000 | 00000000 cS 4C
00000000 | 00000000 ES 48
EDI 44
ESI 40
EBP 3C
ESP 38

E B X 34
EDX 30
ECX 2C
EAX 28

EFLAGS 24
EILP 20
CR3 1C
00000000 | 00000000 SS?2 18
ESP2 14
00000000 | 00000000 SS1 10
ESP1 o

00000000 | 00000000 SIS0 8
ESPO 4

00000000 ' 00000000 | o]& TSS &2 &7 |0

<E6.1> TSS32 T3
7} FAHEE Folof s, A FAH < breakpoint(A FA A H) &

B2 debugger(DOSE debug EF)EL Y3 22 8086A Lol AlFsteE 3714 W

S 9Q = E processor’) AEslE 7 F=Eo| )

il
N
et

il r_?lg
g O

o
2
of

SFe} 90) o] 58 software debuggerE

- single step.
- INT 3 & Al&.

- breakpoint(A G A ) HALH AL

1) single step
eflagell Al TF(trap flag) bitE setTo =z, $F WHo7 =@ uvlr}t debugel® handler?}
Ty

89) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II  2.11 Task switches
90) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 2.16 Software debug features
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3)

9] #+A+= debug handler’} o} & o8 handler’l === -9, l&iha

o] H-Y
-ndlerZ =X 3% single stepo] AelE 71 Atk
int 32 traps 7188k FAHolA AFIAT trap WHAE 7187} breakpoint® 3FaL
E prap HEol2 dAA A} o)@A oM I AAA INT 3 handlerZ

< breakpoint® &= YA v dataX Hol A FAAID

] ) s
o 283, ROMU e H&Eols vtE57t glol, ROM HE ol $3q 5ol breaks AT+

=2 FW

wEt A, P breakpointE Y2 A AT e Wl aFHETTE oy Qe F-g-35)o]
break pointer®] A register’} AF-2¥ t}.

debug register

debug registerel = breakpoint register, debug status register, debug control registers 2l 3
THZ o)FAA ) o|E2 3867 o] FelA A&7}t

38<B.1>el o5 registersS JEh 9t

31 23 15 T 1]
LENRIWLENRIWLENRIWLENRIWHBBHHBGLGLCLGLGL DRT
3 3 2 2 1 1 1] 0 E(E|3[3(2|2(1(1|0|0D
E(B |B BB BB DE&
00D0DO0O0O0D0OO0O OOODOOODODOOD Tl5 ID O0ODODOODODOD 3l211l0
reserved DRE
} } }
reserved DR4
1 1 1
breakpoint 3 linear address DE3
I I I
bhreakpoint 2 linear address DE2
t t t
hreakpoint 1 linear address DE1
1 1 1
T T T
bhreakpoint B linear address DEO
1 1 1

<196.1> debug register

J-<6.1>0lAM 0 & INTELALe] 93 o ofd Fiolt)
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DRO, DRI, DR2, DR3E breakpoint register= o]t DR49} DRHE of ¢F= o] 1o w DR6E d
-ebug status register®] i, DR72 debug control registero] t}.

ol AL 2 8= 4719 breakpointtH A (MM A )E A AT ¢l o, Z+ breakpointe] of ¢t
%< DR7el o8 A5 Advk R/W bitell o8 @A FA o] A@FAA o] FATA, data
= HYE Aol 7heeA So| AR

DR6el o siA oAl FelE 45 91tk B0OBLB2B3e| 3] DRO,DRI,DR2DR3% oA
o] breakpoint 9|7} LA PEA &5 vk BT,BSBDE oJ¥ debug o¢]7t LAHNEA
E QA gt TSS9 Trap) bit7l set¥ &, taskT EA] o] 7} WA A, BTV set¥ t.
single step <€)7} LA H BS7} set® ™, debug register® AFEFo] T shue] HEH o] o
registerell sl BD7} set® v}

E<6.2>0] DR69 7t hitEo] setd e =48 Q98T

Ae) bit bit set & A
BT Because of Task switch
BS Because of Single step
BD Because of Debug register access
B3 Because of DR3 match
B2 Because of DR2 match
Bl Because of DR1 match
BO Because of DRO match

<E6.2> DB6 bitE9 set =7

6.6 process A E

task’FHl = ta3 Zo] 67142 F o= At .(sched.h)

#define TASK_RUNNING

#define TASK_INTERRUPTIBLE
#define TASK_UNINTERRUPTIBLE
#define TASK_ZOMBIE

#define TASK_STOPPED

#define TASK_SWAPPING

Ol = W DD = O

1) TASK_RUNNIG



156 A6 d A B

process’} CPUE @3S 9l& Adolt}. task AEL o] E processE tfAo = s,
=, TASK RUNNINGZH= 27FA7F gledl, CPUE €3ue Adeel d3ir 9 71ue
I SlE AETE

2) TASK_INTERRUPTIBLE
o] 212 FudEfo]l™, interrupte] 93 signal® ol TASK RUNNINGAEHZF €4 Ao
interruptE 71 thelE Aol F2 AMEHETH

3) TASK_UNINTERRUPTIBLE
o] & FHAE o™, interrupte] BEFE wHA k=t
o] el 2 o" A H(resource)S 7IYdull, add_wait_queuedFo] Fof setH ], o]o]A
scheduler® 3¢t} 18 31, fork system callel A A2 processE A= dA oA o] A
el 7h €w, k18 BAAF A2 processE TASK_RUNNINGZEE] 7} o).

4) TASK_ZOMBIE
A4 processE AAF B E processt wail system calle] 93] A2Alo] £5F7E 7|}
AAlo] Er 8 exit system call(kernel/exit.ct] 9 do_exitdts #Ha1)& A2 processel Al &
g w2 FHe AT AL, error code®t A4 9] PIDE HEolA HEsith shA Tk o]
T7HA ARt A process tableol = ©173] A2 process’F &@E ol h o]l A4 proc
-essE BH|(zombie)}El7} A},
BB process? wait system call2 &18] AEjel A process’} A &2 3lar, A4 proce
-ss= process tableo] A AAA G, 2@, weke] B X process’l wait system callel] <] 3|
A4 process7t FREE AL JIvd A gEvd, 125, A2 process7t FRHTH A4
process= Eu| e 7} H (o)A 3] process tableX A ¢ A )V 1A, ps®E FeldtH

# ps

PID TT STAT TIME COMMAND

5940 P3 S 0:00 a.out

5941 p3 Z 0:00 <defunct> ==Z=H| ArEj
5942 P3 S 0:00 sh -c ps

5943 P3 R 0:00 ps

QoA WAl T process tableS A SFa g2 o4 AUt
A2 process7)t 7] e WA HE process’} £0H A4 processg] HE processi init da
—emon®] ¥t} init daemone waitpiddFE Ao 2 A A2 process’t FH] AdE 7 FH

A e E St} 92 -2 init daemon® T EZFef A SIGCHLD handlero] .

91) INIX &3A42] A - Maurice J.Bach 7-4. ZZAJA2] &F )7
92) Advanced Programming in the Unix Environment 196page
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void chld_handler ()
{

CHILD x*ch:

int pid, st:

/% Find out which process(es) this was (were) */
while((pid = waitpid(-1, &st, WNOHANG)) '= 0) {

* zombieE Olali5t7] fI8 &£ BILX| 2.

A ZO{F0o{of & 2|77

=<

—_ |-
-it2t waitpid &t s=0lct. exitoll 2|5 XtA! process= FAAIT, 2= X o

i

22 process= AHA process7t H2H Ehe|

= AWolct JEfAl, &2 process= waite ol 25 XA processel FEE AElst,

il

oot g HeAlg x| Fo{of stoh

2 processZt MA ZHE=CHME ) init daemonol Y¥SEAHAE JIXKA =HZZ, 3 F A4

process7t F2™ 7} tjAlsiM &HHAE xFA == Aol XA process7t HIASM F=
MzESIX| g M E XFHE /A eotH HEA EHAV? (BH F 2 process?|

M3 wat((E= waitpid & TE ALSsHX| ¢=ctH) 2= FI7HX d 271

HMew 2= olzstclh.

forkAl £ 2 process= = wat&TE HAIF X4 processe] WEREE HE Eelst=

gFEH T UX|2H o AtE SIGCHLD signalZ2M AIYSEE w7|mf 20| 2 m signal handlerodl

olsll waitetTE AYAIAT Elct O3HH F 2 process?t ClS3 20| AUYSEE FA &t

L oAtE il Featw

signal (SIGCHLD, SIG_IGN):
M 2(kermnelZt LIMAM EHEE X FHFA =t (do_signal&tol 2|sl)

w

asmlinkage int do_signal(unsigned long oldmask, struct pt_regs * regs)

{
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if (sa->sa_handler == SIG_IGN) {
if (signr != SIGCHLD)
continue;
/% check for SIGCHLD: it's special */
while (sys_waitpid(-1,NULL, WNOHANG) > 0)
/% nothing */;

continue;
b
b
T dee, 201 HHE XFOHE AR WM, WRA O = EE?_F ol x| &=
d2EAM ol HET {7t glch XA process= zombieBME 2 F27L FH S0 7HA|
Zlcte{ol st 271 Z2M init AlA ctE XA processE M B zombie: Z0| ®HAX O
HI 224 initoll ols St e UAA == Adolct
NORET_TYPE void do_exit(long code)
{
while ((p = current->p_cptr) '= NULL) { /x X}A processE&& &f=LC}. =/
current->p_cptr = p->p_osptr; /% Y H| processE2 =Ll =/
p—>p_ysptr = NULL;
p->flags &= ~(PF_PTRACED!PF_TRACESYS):
if (task[1] && task[1] !'= current)
p->p_pptr = taskl[1]: /% initO| | zombie= YA ZICE =/
else
p->p_pptr = task[0]:
p—>p_osptr = p—>p_pptr->p_cptr:
p—>p_osptr->p_ysptr = p.
p—>p_pptr->p_cptr = p:
if (p->state == TASK_ZOMBIE) /* X zombiel| £ 2 E initO|C|. =/
notify_parent(p); /% initOf| M| CHLD signal HWC} =/

93) &9rt}rt Aoyt A|A|E zombiezt FEr}.
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5) TASK_STOPPED
user® ctrl-Zy} SIGSTOP signalel 93] processe ©] 2Fe]7} H o}
signal& o} TASK_RUNNIGAH 7} 25 Jot

6) TASK_SWAPPING
w289 22 process’}t swap out(hard diskell write)® Ae|E AT

6.7 7)E scheduling &gk

6.7.1 sleep ¥+

void interruptible_sleep_on(struct wait_queue **p)
{
__sleep_on(p, TASK_INTERRUPTIBLE) :

void sleep_on(struct wait_dqueue **p)

{
——sleep_on(p, TASK_UNINTERRUPTIBLE);

static inline void __sleep_on(struct wait_queue **p, int state)
{
unsigned long flags:

struct wait_queue wait = { current, NULL }:;

if (!'p)

return;
if (current == task[0])

panic(“task[0] trying to sleep”):
current->state = state;
add_wait_queue(p, &wait):
save_flags(flags):
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sti();

schedule():
remove_wait_queue(p, &wait):
restore_flags(flags):

- init taskE sleepdtA] &ow stopdtA &=, TRFHAE gt}

- processd AEE TASK _UNINTERRUPTIBLE, TASK_INTERRUPTIBLE “Je8l& w&i1
wait queuee] TA] processE: 9% schedulingdtth. 7ol 8 TASK RUNNING A7}
Hul7kA] o] process®E taskF o] o] Foj A grorm AAs] FHGHI ot
o] ¥ wakeuptsol &3, process® 87 TASK_RUNNINGAE 7} 5, task T ghe] €]
3l process7} CPUE & 9ubAl = 31, wait queueol X AAHT

6.72 wakeup &I

void waKe_up(struct wait_queue **q)

{
struct wait_queue *tmp;
struct task_struct x p;
if ('g !} '(tmp = *q))
return;
do {
if ((p = tmp->task) !'= NULL) {
if ((p—>state == TASK_UNINTERRUPTIBLE) |!
(p->state == TASK_INTERRUPTIBLE)) {
== p->state = TASK_RUNNING:
if (p->counter > current->counter)
need_resched = 1;
}
}
/% 0] ZO[A wait queue AME| display =/
} while (tmp !'= =q):
}

wake_up&E wait queuedl X FHE FHF L YE processES MY CPUE SFukS4 9l
= 3=

@2 TASK_RUNNING AHEl2 w50l Fo 22X taskFFrhito] =5

kit

o

o o]

gt
uly

A4

=

BN
T



9lE processol ™ BF Al&4 9ot 28y, wake up_interruptable@ 5+ TASK_INTERRUPTI
-BLE “e]9] process®t 7]t

swap® process(process® A7} TASK_SWAPPED)= A& =
RUNNING i 7} &2 ® w2 o] glojok ghr},

flie

FESAL &, TASK.

7.1 kmalloc & (mm/kmalloc.c)

7.1.1 secondary_page_list

sy RS @98 d pagedHdk)E @) A5 pageE  secondary_page list<t
free_page_listell QolFAW7} get free_paged-(mm/swap.cel &3 & Q3 pageE 3 5o
=%t Al 71 5paged] pointer® return$ttl. pages U ARESlaL B8 =

fob ol

get_free_page+

E -

thA] o] F71A liste]l 94 H+=u]l ®A secondary_page_liste]l @3, secondary_page list7} o

AW 1 Lol free_page listel @=1). get_free_pageel| 93] §5&ul= WA free page _list

ol A F+alar, o] 3to] H|ojglow Aol Wl secondary_page_listelld eyl & Sk 1E S
ol e Y29 priorityel 93] A ¥t} kmallocol] parametor® A% E priorityol &
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47YA 7} vk (mm.h)

#define GFP_BUFFER 0x00
#define GFP_ATOMIC 0x01
#define GFP_USER 0x02
#define GFP_KERNEL 0x03

get_free pagee] W2 W GFP_BUFFERZ pageE T8 W=(F huffers @@3s 1 &), first
page_listell A vk &l ar, F+& glow x7|stg. GFP_ATOMICY 7-$+ A5 2 (automati
—cally) first_page listel A A @8}, secondary_page_listel A 3t} GFP_USER, GFP_KERNE
Lo A= FIHAZF R0l gt olE E& free_page_ listel A FEFA] EEH, memoryel
A BE process? 4HE swap-out Al#A I process7} AlEEHE P9 S W StolA (M EHE I
WA A M stolen) DolE pages: FE5TH= A|EE st 8% AFSHH, secondary_page_list
o Al e

interrupt’} 8 Z¢ll kmalloco] ZEE 2 7183814 o]w]l kmalloco] HE %= priority7} A
FEE(GFP_ATOMIC)7} oY ™, AFmodeZ B} Al secondary_page_listell A WFE A] 7 o]
pageE T JEF FolE WARY. whoke] olHqF E&H7E FoA A kETHH, interrupt
handler3 5ol stolen#-g ol A, FEo] HEST7L Aot

32 code= kmalloc®] dXFo|t}. o] mEE get free_page ol = TE=oF &4

rﬂ‘ii'

kmalloc®] W ¢ #ZEE B

if (intr_count && priority !'= GFP_ATOMIC) {
printk(“kmalloc called nonatomically from interrupt %08lx\n”,
((unsigned long *)&size)[-11):
priority = GFP_ATOMIC:

712 kmalloc code 377

o8 YA

My

kmalloc ZmEE 23 &

1) interrupt handler5=88% kmalloc®.Z=A] page® 5ol ¢+ AF mode® H}T}
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2)

4)

5)

6)

get_order

size_descriptor Bl @AM & &+ block sizeE 9 # o] block=Z7]& wl€ 9] sizes[7]el 3|

ot 4080(kmallocel &3l o] 753 sizeF thgh)ol v, Thoko
kmalloc (1000, GFP_KERNEL)

24 dEYE SFsttta A sA. blocksizeZl 10009 wlde glorm 2 o] 7L sizes[hHlel
st & 1020772 33 A "ok o7 A returngk®l orders 50|t}

triesgk2 4ot} W R E st Adsd, 31 v AA =7 sHedtue Aol AT A
M BlE returndtEB2A, ZEQ FAHME AFHAAHE, AAEE g Ao R Holt

&0l = sizeslorderl firstfreegk2 §lE Ao & A

Ly

get_free page® = paged 5.

3 =%t pageE blocko. & 833, page™ ko]l page descriptorZ, block® ¢tel= block he
—aderS A dEth 287 1> blocksize7} 10209 A= o= St

1 pageell 93] 47019 blocke] &w¥ vl T8} A AL 2L 17 block®k AR&3 (1000
byte& Q8P oER)

& 7x2AE kmalloco 2 @FH =999 lists FA7] A8 AREEH

struct page_descriptor {
struct page_descriptor *next;
struct block_header *firstfree:;
int order;
int nfree;

triesell 93] while loopE ©Al AlZHET oludE sizelorder].firstfreeo] pageA] ZH X ko]
Eolglt} block 14 bh_flagE Al-28t3 YdulsE FA|Z B 3(MF_USED), A&7} block
T(page->nfree)E 1 &9 L page descriptorell A firstfree pointer® W2 blocko.Z %71
G(2H<T 1> O —> QF)

o]2 4 AWA blocke] &HH Zo|t}. return® &= pointer= p+l1o] Y.
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4t
firstfiee T page—+ MT: Wpage descriptor
— firstiree (1&byte ]
@E order J
nfres
L bh_flags
p+1 | Ph_mext (bhJerigth) )
size descriptor block 1
Jhluck_header
1020 byte (3hyte)
L block 2
A =
hlock 4
end of pags —

<19 7.1> order 591 7§ ¢

8) Thoko] o] Fof YAl 508<size< 1020H$ 9 TFS 98] kmalloco] ZEHTIH, o] n] el A
335k paged] TS block(block 2)& Ab2stzlolt), Ty, 7 HYHe sizeR IS QF
39, kmallocg YA pageE 5319, blocks v E Y-S doF &Aoo d.

(.2 paging

paging2 3860174715l A A HFEE memory #E| A Aot} o] pagingel 9] A2 o Adn

2] (physical memory)% v}z w-¢ B-& k9] memoryE H-F8l3l Y= AAHH HolA st

gl &5~ processor’t AlFESHE o] pagingS A=LAR O R AMEFa Yut. ESF paging e real

moded] A& A}k glon B3 F X (protected mode)e] Ak AL-27}5 8T}

processorol A A FHE HIEEoA memory#E A AE segmentation? paging . T}
A7} AFHA Y segmentation R IFEoA A o]A T paginge 2B XA ¢krh 2#HY glwms
2 H]E5 UFEY systemolME pagingS AME3tEd, 9A TR HAAAH WAL 7hee)
[e]

A oA, THT2>E M TA, 8L, YTy HARES e o o
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o

selector | | offset AT

segmantafion

linear address MEF

PaREME

physical page

7.2.1 segmention

Ed e DOSelAAHE A2 process’t &8 memoryE SHEE A=A = S =

CoME 4714 EdHES ARgetEd 0,1,230] Aotk 2.438¢] 15)°)A GDTE setu
o

A REo|ME segmentd offseto @ Pl EE el 9 3 AHE AFTESF A 2

IR selector$} offsetS o] -&slojof sl oA L =8]F 4 (logical address

AFE A (virtual address)& 1 2t} selectors kernel® user processE Y% A8 I 7H(linear

address)S FFEO U= GDTUY descriptor® 718 7] a1 v},

2ol MPFLE BF 4 GB32 bitE AATEF dE HdHA)E o F

GBE user A3F4 7oz AL, U5 1 GB & kernel 335437
ks

[e]
U 3"ET3>0lA AT ABFAR vie S BolFa gl

k
i
N

F

r\l

N

A gevd o] M¥FALE EEvReFavE Hg. adels, 4 GBI ofd &A1Y systemeoll #
zZbE A memoryZ 7S ABFT4L FHo2 Folof T Aot 4 GBEhE UltRE Y A¥FAF
2 paging®ll 93] o] Fo|Fu,
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A7 7 vxe

EERNEL_CS
KERNEL DS 0zlg |
USER,_CS
USER_D3

Kernel
Space

kemel dese
kemel dese

selector user dese

AdEE N

offzet

user dese

o

User Space

virtual address

GDT

linear address

<3YT3> AAF AL ABFL

7.2.2 paging /N2

paging system< page directory$® page tableo] & 2719 tableo] 28] o] Fof%

72t @ pageR | ® ol FolA QoM IY<TA e B WHOR HFFLE F

A

i
<

=

10byrte 10byte 12byte
| dir | tahle | offset linear addvess
physical page
page divectory page table
—+ table entiry J

dir entry ——|

31 12 11 o]

o7 =g 2el¥A (avall [oo|Dlaloo %%p eniry siruciure
0= intel™ =] 74 2
<AATLA> AP SYFa

46

3G

AA:BB

=g

o

O

N

b

rlo

2
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o

8 <7.4>9] entry structures page directory 9} page tabled entry 24 ez 9ol
= WA= 2070 bitell o3 G A A, HAHAE ofel] 12 bit7b 0= YA gho] A}, wa}
A, page frame & #|HAE 1234027 0x1000, 0x2000, 0x30005} Zo] 4AKH$] (Ipage)E o] &
oA dviil HHHT oA HExAvt EdH RS AHEetE WP el7lE atth. paging system
< EuEYE AEEulE B pageD 2 AL A Hh

723 B E oA paging AHE

#define PAGE_DIR_OFFSET(base, address) ((unsigned long*)((base)+\
((unsigned long) (address)>> (PAGE_SHIFT-SIZEOF_PTR_LOG2)*2&PTR_MASK& PAGE_MASK)))
/% to find an entry in a page-table %/

#define PAGE_PTR(address) \
((unsigned long) (address)>> (PAGE_SHIFT-SIZEOF_PTR_LOG2)&PTR_MASK& PAGE_MASK)
/% the no. of pointers that fit on a page */

PTRS_PER_PAGEZL-& 102424 pageel 7= entrye] Fol™, 7+ entry9] ZolE 4dbyteo| .
#define PTRS_PER_PAGE (PAGE_SIZE/sizeof (voidx))

PAGE_DIR_OFFSET#t2 1" <74>9 APF29] directoryel 3FH . baseoll= CR3gkel &
o} 7}, addressel 3@ 3l= page directory entryd xS ¢ ¢}, directory entry 171 A
HH 2 4 MBE mapping $Ht}.99

PAGE _PTRE ¥ <74>9 8 A(linear address)9] tablee] 3| 2ZH Tl o] ko & addressol
3 =23 pa —ge table entry 9 HX] E g A table 1/l A¥@WA 4 KbyteE mapping ¢
t}, o] WA R = address= 4KB X 4byte® Ygke &old. 97| AM, Ysgke yUuA= A8
A 9] offsetel] 3 gy,

1Y <7.5>2 page directorye] AW A entry7} AFHAF7F 0 ~ 4 Mbyte?l, F+HA entry7} A

) o] tfAEL] AAPHLE 7iclslt}. addressE 4Mbyte X 4byte(entryZ o] )& U}E3Zhe] LHo|t}.
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FHAZ7F 4 Mbyte ~ 8 Mbyte®} mapping® o] 92S Jeluz ¢t

i) 4K
1
2
411
phyrsical
Dage
TAPFTRE — address
M
1023
page directory page tahle Linear address

<138 75> page directorye} AEF4LF 7S] mapping

oJ Ao RAN FHE APFhge] FAAH, dFete =8 pages FopEart
¢ Fguult} pages free listoll Al 714 ¢ AF&38ta, ©F A28t HigdstE Aojmw HAFPHA 9}
EZHAE =AY E mappingE oA A& et = user processy A H 2=

Herl gon EHdwEEr BolAE ket userrt AWM A tfa] ALE 31, kernel
o] =318 pageE user’} @3 AFHA o e

o] AHANA &= vl FoT AL s AF3oF st processvitt 3 Gbyted] AFHAF
S 7HA 3 JdeE Aot élvkstd fork system callel A child processE wHEwW, 2o A A=
+ page directoryE 9ol forke 7.380lA =¥ = processvltt =XA Q1 A4l S
page directoryZ 7t 70|t} 9 wpelr EE processt 3 Ghbyted] F7HE AHurw, S
stAE G, whoke] user process’t L oS FH e a1 A=A, page fault7lF LA SHA =
SIGKILL signals 2A#E o page faults 76864 =9t}

ml?»

u!

96) kernelE %8} page directory:= 1% oA AZE AW swapper_pg diro|t,
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7.3 fork system call =&

fork AEZE 23 ®A},

3¢

Ok, this is the main fork-routine. It copies the system process

3¢

information (task[nr]) and sets up the necessary registers. It

3¢

also copies the data segment in its entirety.
%/
asmlinkage int sys_fork(struct pt_regs regs)
{
struct pt_regs * childregs:
struct task_struct =p:
int i,nr:
struct file *f;
unsigned long clone_flags = COPYVM | SIGCHLD:

if('(p = (struct task_struct*)__get_free_page(GFP_KERNEL)))
goto bad_fork:
1) nr = find_empty_process();
if (nr < 0)
goto bad_fork_free:
task[nr] = p;
2) *p = *current;
p->did_exec = 0;
p—->Kernel_stacKk_page = O’
3) p—>state = TASK_UNINTERRUPTIBLE:
p->flags & ~(PF_PTRACED|PF_TRACESYS):
4) p—>pid = last_pid:
5) p—>swappable = 1;
6) P—>p_pptr = p->p_Opptr = current;
p—>p_cptr = NULL;
7) SET_LINKS(p):
p->signal = O:
p->it_real_value = p->it_virt_value = p->it_prof_value = 0.
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p—>it_real_incr = p->it_virt_incr = p->it_prof_incr = O:
p->leader = O: /% process leadership doesn’t inherit */
p->utime = p->stime = 0:

p->cutime = p->cstime = 0’

p-o>min_flt = p->maj_flt = O

p->cmin_flt = p->cmaj_flt = 0;

p—>start_time = jiffies:

* get up new TSS and Kernel stack
%/
if ('(p->Kernel_stack_page = __get_free_page(GFP_KERNEL)))
goto bad_fork_cleanup:
p—>tss.es = KERNEL_DS:

p—>tss.cs = KERNEL_CS;
p—>tss. ss = KERNEL_DS:
p—>tss.ds = KERNEL_DS:
p—>tss. fs = USER_DS;

p->tss.gs = KERNEL_DS;

p->tss. ssO0 = KERNEL_DS:
p->tss.esp0 = p—->Kernel_stack_page + PAGE_SIZE;
8) p—>tss.tr = _TSS(nr):
childregs = ((struct pt_regs *) (p—>Kernel_stack_page + PAGE_SIZE)) - 1.
p—>tss.esp = (unsigned long) childregs:

p—>tss.eip = (unsigned long) ret_from_sys_call:

*childregs = regs;
childregs—>eax = 0’
p->tss.back_link = O;
9) p->tss.eflags = regs.eflags & Oxffffcfff: /% iopl is always O for a new
process */
10) if (IS_CLONE) {
if (regs.ebx)
childregs->esp = regs. ebx:
clone_flags = regs. ecx:
if (childregs->esp == regs.esp)
clone_flags i= COPYVM;
}
p—>exit_signal = clone_flags & CSIGNAL:
11) p—>tss.ldt = _LDT(nr):
12) if (p—>1dt) {
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13)
14)

15)

16)

17)

18)
19)
20)

21)
22)
23)

p—>1dt = (struct desc_struct*) vmalloc(LDT_ENTRIES*LDT_ENTRY_SIZE):
if (p->1dt '= NULL)
memcpy(p->1dt, current->1dt, LDT_ENTRIES*LDT_ENTRY_SIZE);
}
p->tss.bitmap = offsetof (struct tss_struct, io_bitmap):
for (i = 0; i < IO_BITMAP_SIZE+1 ; i++) /% IO bitmap is actually SIZE+1 =/
p—>tss.io_bitmap[il = ~0;
if (last_task_used_math == current)
__asm__("clts ; fnsave %0 ; frstor %0”:"=m” (p->tss.i387));
p—>semun = NULL; p->shm = NULL:
if (copy_vm(p) !! shm_fork(current, p))
goto bad_fork_cleanup:
if (clone_flags & COPYFD) {
for (i=0: i<NR_OPEN:i++)
if ((f = p->filplil) !'= NULL)
p—>filpli] = copy_fd(f):
} else {
for (i=0: i<NR_OPEN:i++)
if ((f = p->filplil) !'= NULL)
f->f_count++;
}
if (current->pwd)
current->pwd->i_count++;
if (current->root)
current->root->i_count++;
if (current->executable)
current->executable->i_count++;
dup_mmap(p);
set_tss_desc(gdt+(nr<<1)+FIRST_TSS_ENTRY, &(p->tss));
if (p->1dt)
set_ldt_desc(gdt+(nr<<1)+FIRST_LDT_ENTRY, p->1dt, 512):
else
set_ldt_desc(gdt+(nr<<1)+FIRST_LDT_ENTRY, &default_1dt, 1):

p->counter = current->counter >> 1;
p—>state = TASK_RUNNING: /% do this last, just in case %/
return p—->pid;

bad_fork_cleanup:

task[nr] = NULL:
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REMOVE_LINKS(p):
free_page(p—>Kernel_stacK_page):
bad_fork_free:
free_page((long) p);
bad_fork:
return -EAGAIN;

1) task tableo] A ¥l 32& zEu)

2) dek2 BT process? HHE A processel Al TR ALST) o] A2 exec system callol

o5 ol tAl setqH
3) A4 process? stateW = forkdA o] w7t HAAE = =
4) get_empty_processer=ol &3] T A2 process® PIDE set$tr}.
5) ol AL Z M init daemons A9 E EE processE swap-outA] Z S T}

6) p_pptr(parent pointer), p_opptr{original parent pointer)< & process® pointerel] 3 sHo}.
B process”’} £w5 W child processt ol (orphan)”} =™, init daemon®] X process
7F Hol, ol WSl E7A HYI) (do_exitFg<kernel/exit.c>, 6& ZEZRAMA ZE|)
p_pptr< ptrace system callel]l 93] vl dvh A#lE process® PTRACE_ATTACH © 3
I &7 ptraced= Bl Y& process’t YU B process A processe] YA FE proce
-ss7} A} o]lv] B processi= A process= A2 processe] Ao T3 ofdl HESET_
LINK#7 5 3%ttt PTRACE_DETACH™ ® Al el p_pptrel= p_opptre] THA] set® v

7) SET_LINK

- AAH A processE processE 9 el ETHA 71T}

- A AprocessES siblingo] & ar §Ho

p_cptr (child pointer)

97) Advanced Programming in the Unix Environmentoi] A

9.10 Orphaned Process Groups
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fask Tk

Mg 2dR
rrocess = 1] &

At A ol &

@

<29 7.6> new task7} 719 A= YA
713 & 2ol BAAIZ A4 process, 7 A1 A4 processel 3| B e}
p_ysptr (younger sibling pointer)
v2 ol A process.
p_osptr (older sibling pointer)
vl2 9 ¥ process.

o] pointergo°] A2 processES AAA FIELCR wEOE

8) 19) _TSS(nr)< GDT o429 A4 process® TSS descriptor offseto] v}, tss.tr2 task 7 3HA]
task registerel]l Sol7toF & W-go|t}. thA] DEH ) tss.trd] -EEo] task registere] load®
o 24 o] task7} CPUE A R{-3tA ®r}.(load_TRE 9 <schedh>)
TSS descriptor® GDTel setdtt}. tssoll= task register® ol = taskd € A] control registere]
load® tss.cr3, tss.cr2® A2 FEIA. 1Y tss.tri} tss.cr2E processore] 93] #Hay
= 7ol oly# kernelel €& #2]HA}. tssTEA el processorel 9 #HHFFHE= HELS
io_bitmap7}#] o] o},

9) eflag®] IOPL bitell &3] I/OE &&3te Sdlevels A IOPLE 2709 bit® o] Fo
A ™ wkok o] zko] lojEtd, EHlevel(CPL)o] 1¢]%2l(Z 13 0) processETo] IJO7} &
o] At} [/O#FH "HHololE portE AoJdE in, out T hardware interruptet #FEH sti, cli
o] 2t} 9 forkAlelE IOPLES 0% x7]|3}sHt}.

10) vfork system callS ¢%F REo|t} viorkel Wal A= manual pagett C library reference®

21,
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task_stmact
F o tssdr
TS5
I user
code
iaskﬂ[ tss desc
1dt desc 1
task B dezc 0+
degcl T—————*
user
data
GDT LDT

<a"977> GDT tssH 9 tr

11) 12) 20) X process® IdtE 2oz EAFSH Idtel] ek AME2 7780 A ==,

13) 14) oj@ taskel Wfsll 578 /O & s &31A 7|98l AF&HETTE o] AL io_bitmapllel ¢ 3
o] FolA |, ;I bitE setdsl™ FL715, no-seto]lW FHEEZ7 Ho} io_bitmaplle 7zt
bite port 0x0001 4 port 0x3ff7}A] £ mapping = o] A t}.

15) 644 task A& a1,
16) copy_vme fork.col Feolg o] ).
#define copy_vm(p) ((clone_flags & COPYVM)?copy_page_tables(p):clone_page_tables(p))
viork®} forkEs F&317] Y Aol

fork system call2 ¢1¢t copy_page _table2 XX process® page directory, page tableS I

= A4 processd TAEA auE BAF
3=

-yv$} page table2 9%+ A && pageZ=

o

g, E& oA A4 process? page director
o] o] Fojxit}, o] uw] HX process®] =

page(page table entry)© A4 process$t F-f-3lA ® T} o] & o 3HFo] pageol A7 =Y

=

=

ol

[e]

S AEs™ adiAol HZA AEL page’t FFE I, MEE pageel 719 YL g

98) 80x86 ARCHITECTURE AND PROGRAMMING VOLUME II 2.6.2 1/0 access and IOPL



fU2 AW gAEAoR S

175

processoll Al AW, o] AL Copy-On-Write®}al 220, &

2} St
Fota Aurb 227z e] Ao vt A2 pageFAltio] EHFE = Zo|tl copy-on-

7628 eA =ojH.

& Q4sA A,

viorkE €3t clone_page_tablest= A2 processE ¢ ¢+ page directory® tabl

@]
o
=

=
031, BEel Ag ol AgUch ©A mmapll& 157HAIA L paged FHEHE EA

17) executable® %X process® A #file(binary)?e] si=stt;. &% A2 processE executable

& A& A, wEkA e A3 fileE F processo| o] ARSI YO F R | countZhS

ot

Z7IA 2t} i_count= #F inodeE 2719 process7t AFRE 7S EA]

=

18) ¥ X processd G99 (vm_area)E A4 G| Iz EARsi)

Fodol daixe 74404 HEH

21) countert process? timeslice® ZAA 3=, tick(1/100%)0] dSuvlt} 14 ZoEt}.

A AFEHS 67 processE B[ A =BT
22) oAl HlE4& FIAHE vHIY

23) B processoll A A2 process® PIDE return.

74 3 (vm_area)

7.4.1 mmap system call

mmap system call2 disk® 43 &S memorye &L Z7|E mappingAl 7o, 1E A A A

2]
HAstE Ao] ol & mapping® 9 Z memoryel #Y-S st AL diskel w3 2 st
22

= 7
¥ 243 A9E 713 Y. = mapping® memorye] 2724 S 14, diskel =
o

= =
298 AL BN,

99) bash process@}H /sbin/bash file.
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o] 714 mapping® F2EIFS A F A F7Hphysical memory”Z}t ofd) U S FE3HA}.

L& yvm_areaT A (mmh)E JE o

struct vm_area_struct {

struct task_struct * vm_task:

~
3

VM area parameters %/
unsigned long vm_start:

unsigned long vm_end;

unsigned short vm_page_prot:

struct vm_area_struct * vm_next:; /% linked list =%/
struct vm_area_struct * vm_ghare: /% linked list =%/
struct inode * vm_inode;
unsigned long vm_offset:
struct vm_operations_struct ¥ vm_ops:
Y
e vm_end
mapping
ared
"~ ¥m_start
disk
linear address space
vm_off—"
<71¥7.8> memory mapping
gdodolg o]F7 mapping® memory ¥-HS LSth vm_startE G 9AZS vm_endv FHE
< 9]v| 3}, vm_inode= mapping® disk’de] file inode®] ™, vm_offset-2 file inode?] offsetol]

¢
=

AL

i



vm_tasks mmapS $E 9 process®| ™, vm_page_prote @Al s 27|, Y 7FAYEHE e
With vm_nextE TS 9902 A 3 processe] oo Ao Q& gorw I5S A4
A5}, vm_shares 992 F-735t% memoryE AoFstr] 13 A%t

Y52 vm_page_protel] set®+= ZE(mmh)o] )

#define PAGE_PRIVATE (PAGE_PRESENT | PAGE_RW | PAGE_USER | PAGE_ACCESSED | PAGE_COW)
#define PAGE_SHARED (PAGE_PRESENT | PAGE_RW | PAGE_USER | PAGE_ACCESSED)

#define PAGE_COPY (PAGE_PRESENT | PAGE_USER | PAGE_ACCESSED | PAGE_COW)

#define PAGE_READONLY  (PAGE_PRESENT | PAGE_USER | PAGE_ACCESSED)

#define PAGE_TABLE (PAGE_PRESENT | PAGE_RW | PAGE_USER | PAGE_ACCESSED)

o] Eeof sl E mmap® manual page® do_mmap(mm/mmap.c)dts ZEE sl
742 do_mmap TFHEZL o)A

fileel W&l mmaps AAE ¢, generic. mmapdF7t FHAT. AWEA 02 yuser programe

T E
o gt & fileo] ti3d] mmappingS ]7“:} a8 file pointerghs AERA] XF A-folE ano

-n_map$7t FAE =), o3t Aol dsidE 7548 exec system callel A tHET}
generic_mmapd<-¢ anon mapﬂ"«] sl a4 S 1] 3 WA
generic_mmap anon_map
°j iy =) unmap_page_range(addr, len) zeromap_page_range(addr, len, mask)
bread mpnt->vm_task = current
mpnt->vm_task = current mpnt->vm_start = addr
mpnt->vm_start = addr mpnt—->vm_end = addr + len
mpnt->vm_end = addr + len mpnt->vm_page_prot = mask
mpnt->vm_page_prot = prot mpnt—->vm_share = NULL
mpnt->vm_share = NULL mpnt->vm_inode = NULL
file inode | mpnt->vm_inode = inode
inode->1_count++ mpnt—->vm_offset = 0
file offset| mpnt->vm_offset = off mpnt->vm_ops = NULL
%o o mpnt->vm_ops = &file_mmap insert_vm_struct
insert_vm_struct merge_segments

merge_segments

<ET1>
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E<T1>0lA FFe A9t eE FAS 75 S sttt 7 3 process9 page
tableol ] AEF4E 98] @9 pageol sl AEHA addri¥ len= 792 AR
o}.(do_mmap3dtso] ¢ 3))

mmip 2 &
T AT b

page table page free list

4— 0= e

page table

F = page free list
[= e
<IH7.68> FoH

0

279>l & pages I 1€ #Ado] yEY AT page tabledt paged F7& &

LA
U A3 paged AHA 3G,

IJ

ol

breaddE mapping® A blockS ¢lo] < fileo] thall g7z e] 7R = &l
o
bmap(inode, offset) &+ file?] offset2 =8 blockH 3= v} returnstr}.

anon_map 8ol A= vm_inode®} vm_offset, vim_ops®] NULLZ A=t}

5L file_mmap TFA o] 2] WA A

struct vm_operations_struct file_mmap = {

NULL, /% open %/
file_mmap_free, /% close %/
file_mmap_nopage, /% nopage %/
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NULL, /% wWppage %/

file_mmap_share, /% ghare %/

NULL, /% unmap */

¥
insert_vm_struct¥s= 99 e o] d9& yYdert 99 aEE vm_start7)
w2 odojo] Qe go ]E—, Fla=
merge_segment¥ 27T oW T JA9E FAHA EH dH99 5 Folve I
< st
exeutable2 binary inodeZA] binary7} 3= &S JeEdt

returnzr< mmap©] Al ZHE memoryite T4

& kernel 1.00IME YEEXOl fileo| CHH mmapE & A paged| CHEL priority2A] PAGE_RW
= S{EE[X &2 RUch

int do_mmap(struct file * file, unsigned long addr, unsigned long len,
unsigned long prot, unsigned long flags, unsigned long off)

mask = O;
if (prot & (PROT_READ | PROT_EXEC))
mask i= PAGE_READONLY:
if (prot & PROT_WRITE)
if ((flags & MAP_TYPE) == MAP_PRIVATE)
mask = PAGE_COPY;
else
mask |= PAGE_SHARED: /x* PAGE_RWJ| ZEE[H RULCI =/
if ('mask)
return -EINVAL;

PAGE_SHAREDO= PAGE_RW bit7t Z&=0{ RUCH 2Lt generic_mmap&f 0 2|3 PAG
RW bit7} 3{2=X] L2 L UCH Y

MAP_PRIVATE flag& setdlf F=0{0f &t

X ¢t=cCt OMAGIC binaryes mmapdstes &

100) paging_initoll 4] page tableE-2 PAGE_SHAREDZ x7]3}3t3l& 7] o s}A}L
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int generic_mmap(struct inode * inode, struct file * file,
unsigned long addr, size_t len, int prot, unsigned long off)

if (prot & PAGE_RW) /% only PAGE_COW or read-only supported right now */
return -EINVAL;

75 exec system call

exec system call® AMEE program= 2AHAF7] 9] AT LS FE A (include/linux/
binfmts.h)+ file2 APA| D] AlEE = FHE E£83 )

linux_binprm{
char buf[1281]:;
unsigned long page[MAX_ARG_PAGES];
unsigned long p:
int sh_bang:

3

struct inode * inode: /% inode of binary =/
int e_uid, e_gid:
int argc, envc:

char * filename:

~
3

Name of binary %/

bufE A HAZ fileo] shell scriptl A& &olslr] 3] s8] 2 filed) HEARES 9o
ol & Lot}

pagellE program® argument® FH74WH

il

m\m

22 page?| pointerE 7FA oL ok @A
A7 7HAS dE AU 2718 32(MAX_ARG_PAGES) X PAGE_SIZE7l #it}h o] A=
T PR e #AWS = shell scriptel] 93 wHEd4 Y. <& £ bash shell script® 2
PA A s 7P AL o] Wl exece scriptE @] 014 #! o] F-of shell(shit} bashs )9l
gelslar, 28 YA shell scripte]E 9 scriptell A€ Q14EE bashel A
kA (format) 2.2 ¥F5o] 327019 pageel @Evl. 18l3 7 pages 9 pointe
- page[]HH o Eo]71A Ht. o] % page pointerE AW hash”7} 385 @A shell sc
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-ript?] W-&& parsing ¥t
P bash= “c’L} “s” option0] FOX[X| oo™ FHEHF QILZE shell script®l2 EfO}
oIt

fuin

Zbpointere] o,

pE A7F Sol3lE paged] AAZ
AS 7399 10] set¥ ™, binaryE TIAIHS 2AFE 00 &

sh_bangt shell script® 534
=3

inodex binary® inodeo] ™, shell script® F A ZH-S 7 -$E shelld inodeo] T}
ey Qe FHHTY AT

filename2 A A7 file9] o] & o]},

751 do_exec¥ TEF oA
1) effective ID®} Set user 1D

processol A= real ID$} effective ID7F At} real IDE fileS A7 userd] 93] setdtv}. =
happyle user?t fooills A #Bfile BAAF)H real IDE= happyel ££8 ). effective IDE v}
A}, AT effective IDE= Aol wat vH A B

# 1s -1 foo
-rwxr-xr-x 1 happy 126 Jul 30 15:17 foo

o171 A happy7} foos A A7 foo? real IDS} effective ID+= happy9] user IDo]t}.

T wkeFe] THE user process?l hello7} execell 93] fooE AFA|IH ojdA E7? food
real ID$} effective ID<= hello9] user ID7} ¥},

o] A& Super user(root) programels uwlF7tAE A -LH v}t Super user program® real 1D}t
effective ID= 0 ©] A %k, happy”} Super user?] program@® e2fsckE A A7 e2fsck?] real
ID$} effective IDE happy 9 user ID7} 2 Zl o] T},

Yold GE user7t 4 program% TR A= JAT 2 u % effective IDE HIFA A 7=
[e]

vtgte A7 doh dE 59 rootell 24H goodguyEhe Al Y A #fileo] vt 7pASHAL

# 1s -1 goodguy
-rwxr-xr-x 1 root 235162 Aug 2 13:50 goodguy
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wok happy7l o] AdE % Eﬂ A7), goodguy process® real ID$F effective IDE= 07} ofydd
happye] user ID7F Bt} 28U, Ado] score fileS #HEsla Yo, o] file2 goodguy A3
filed] A5 7BAIFH S Qlojok St} = effective ID7F 09 processiro] 78Alo] 7158 EF set
Ela=

Ol

o} glojof

# 1ls -1 score
-rwxr—r—— 1 root 326 April 7 10:23 score

ol &@A set¥® score fileZ goodguy process7} 73Ale4E= gt ksl Aldo] APEw effect
-ive ID7} happy IDZ H}HF 7] wiolt}, 28 A goodguy process? effective ID7} v} A ¢F
5 371938l user ID bitE set?tth. o] bitE set-user-ID flagetil HEt}

# chmod u+s goodguy
# 1s -1 goodguy
-rwsr—xr-x 1 root 235162 Aug 2 13:50 goodguy

s 2 iy BES BmAL
ol A user’} goodguyE A A AE goodguy process? effective ID= 0 ot} 18} real IDE
o 73] happy IDE vpHTH o ZE9 780 &5 wAL

if (current->flags & PF_PTRACED) {
/% A N|process?} ptraceZ|= HAPE euidE IOHZ2 Br=Ct O8O, 0| euideE
AMA H NlprocessE ptracedtd = process®| euidO|C}. =/
bprm. e_uid = current->euid:;
bprm. e_gid = current->egid:;
} else {
bprm.e_uid = (i & S_ISUID) ? bprm. inode->i_uid : current->euid:

bprm.e_gid = (i & S_ISGID) ? bprm. inode->i_gid : current->egid:

fo
ri

& I e Super userO]EﬂE}E modedl| A execution bit7} & FAE set¥ o] YA ¢
binaryE ARFA| L4 ¢SS e v

&l

if ('(1 & 1) 8&&
! ((bprm. inode->i_mode & 0111) && suser())) {
retval = -EACCES:
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goto exec_errorz;

2) user segment®] X kernel segment® ] 7 &

old_fs = get_fs(); /% user segment */
set_fs(get_ds()): /% Kernel segment */
retval = read_exec(bprm. inode, 0.bprm. buf, 128);
set_fs(old_fs): /* restore */

bprm.buf?} kernel A& R o] ¢ o= 2 fs registere] kernel segment selectorZ loaddtt}. (ghok
o bprm.buf’} userdEH A o] At} fs registerol= user segment selctor7} Soj7fof 3tt})
system callo] 3.Z% ™ & fsol= user segment selector’} &o]7+t},

3) verify_area

o] g4 VERIFY_WRITE®Y 3 (argument type) 2.2 addrP ¥ sizewr£9 MEF L3 7ke] 227]
2ol 7hEshAl ERIgk}, whokel addressel Sl@elE =& pageE WE process®t FH-8kal )
O ooz dA 227 Fge] 7hestA ¢thH, addressell M2 & pages TEHOZH
7120l 7hgetEE S o] A2 do_wp_pagedtel &8 o] FojR . do_wp_pagedtel of

HAE 7644 HE
ot#] :EelA RTiAld VERIFY READ® el ¢siAE @4 TASK SIZE( 3 Ghyte)H1E W

oA reATHe Selaiy,

extern inline int verify_area(int type, const void * addr, unsigned long size)
{
if (TASK_SIZE <= (unsigned long) addr)
return -EFAULT:
if (size > TASK_SIZE - (unsigned long) addr)
return -EFAULT:
if (wp_works_oK || type == VERIFY_READ || !size)
return O;

w

return __verify_write((unsigned long) addr, size): /* mm/memory.c */

4) read_exec
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inode? file®] offsetel]l A addrZ count™E EAFSHY, © E-ALSL7] Aol addre] userz 7+l 4l

A, kernelgrd el A5 &g,
if( getfs()==USER_DS )

addro] userz 7ol At (load_aout_binary 3] 9] read_exec), verify_area®5 F3l| 2~7]
7} 715t RS 82 S S} kernelF7tel Y9 (do_execved Wl 9] read_exec), page fault
L= o]
= A5

=
Akl o 227) 71530 o] Foj AT,
5) copy_string(int arge,char ** argv,unsigned long *pageunsigned logn p,int from_kmem)

argve] &S page® arge®E FHAST. pE BAMES Jde HdAvlold. &7lel o g
MAX_ARG_PAGES * PAGE_SIZE-4 o|t}. returngh-& pageoll A 5=A] 2+ offset pointere] .
o] gk2 BEAlgg olE G2 7kS usr|®E ettt 1" <T.10>E arge’t 3¢9 AE dE 5

9t} PretE return® o] A= pgh O & ( 32+4096-2-Al¥ ¢lg=¢] oF )o]t},

& 7| p=32%4095-4

argvarge

page[31]

Dret page

TP
<2197.10> copy_string 53

from_kmem< argv’l user#7FO. RX¥E pageR BALSEA, kernel 0.2 REH EBALSIEAE

ARG ( 00]H userE7to. 2 HE, 20| kernelZ7Fo. R E)

6) fmt->load_hinary
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o
L
[
)
e
e
2
Mz
£
[o
ku
N
rir
N

binary®@ Bl= A.QUT, ELF, COFF% o &7} 7 g=u], 1o] @i load_aout_binary, load_elf_
binary, load_coff binarys¢] 5ol 93] binary7} memoryel 2 A% vt
z} formatell M= TAAEE zrolH 7] ap

fs/exec. c2|
struct linux_binfmt formats[]={
{load_aout_binary, load_aout_libray},
#ifdef CONFIG_BINFMI_ELF
{load_elf_binary, load_elf_libray},
#ifdef CONFIG_BINFMT_COFF
{load_coff_binary, load_coff_libray},
#endif
{NULL, NULL}

A7t A = A.QUT fomato] o] AEElo] g}, L&l ¢4+ shared libraryE T4 317] £9]
e o] f = ELF formate.2 E#7Me Aol .

B Aol = AOUT formatel]l tha] ©F7]2 ottt & load_aout_binaryel €3] A3 3 (binar
-y)o| load®t}. ok fileS A FAF S load_aout_binary”} loade] A= st load_elf hinary,
load_coff _binaryE9] &= Al =2 Aot}

7.5.2 load_aout_binary

AOUT fomatele WA v 22 wWrix 9 Adfile? #FF.(a.outh)
HAod 85z FYgH Aol dld 16359 F4& Dol &5 ol UE exec A
9] a_infoell E97}A H}

/% Code indicating object file or impure executable. =/

#define OMAGIC 0407 /% 0x107 =/

/% Code indicating pure executable. %/

#define NMAGIC 0410 /% 0x108 =/

/% Code indicating demand-paged executable. x*/

#define ZMAGIC 0413 /% 0x10B =/

/% This indicates a demand-paged executable with the header in the text.
The first page is unmapped to help trap NULL pointer references %/

#define QMAGIC 0314 /% 0x0CC =/
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E<7.2>E 8714 binary formatd] o= S99t}

program format program format
bash ZMAGIC e2fsck OMAGIC
init ZMAGIC ps OMAGIC
getty ZMAGIC e2dump QMAGIC
login OMAGIC

<3#7.2> binary format

T3, program® binary formate] 373 ¥E<7.2>9 TLAL oY

geeol —gmagics 3402 Ho 2R QMAGIC format® & binaryE w5 9u. 183 v}
FA0 g Zowxd Z+zt OMAGICE NMAGICY binary”} #HEo(%l
oo vl ZMAGICY binary7} BA BT -N# -n€ link A0 24,

7FA &= geeel -N3+ -n
g o}lFdE FAE T4

Bee e 2k

KN
=

-N specifies readable and writable text and data sec-

tions. If the output format supports Unix style

magic numbersg, the output is marked as OMAGIC.

When you wuse the

page-align the data segment.

'-N’ option, the linker does not

-n sets the text segment to be read only, and NMAGIC

is written if possible.

o8 FEAE binaryel] et AW Z A binaryd] A

struct exec

{

unsigned long a_info:

2,

IJ

/% Use macros N_MAGIC, etc for access %/
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unsigned a_text; /% length of text, in bytes %/
unsigned a_data: /% length of data, in bytes %/
unsigned a_bss; /% length of uninitialized data area for file, in bytes %/
unsigned a_syms: /% length of symbol table data in file, in bytes %/
unsigned a_entry: /% gtart address */
unsigned a_trsgize; /% length of relocation info for text, in bytes %/
unsigned a_drsize; /% length of relocation info for data, in bytes %/

o] FFA 9 F7E 32 byteo] B2 33 byteFH AA X7l AlFH T

load_aout_hinary® % H&9 mE=ZE BA

A1) if (N_MAGIC(ex) == OMAGIC) {
do_mmap(NULL, O, ex.a_text+ex.a_data,
PROT_READ| PROT_WRITE| PROT_EXEC,
MAP_FIXED!MAP_PRIVATE, 0):

read_exec(bprm—>inode, 32, (char *) 0, ex.a_text+ex.a_data):;

} else {
if (ex.a_text & Oxfff || ex.a_data & Oxfff)

printk(”“%s: executable not page aligned\n”, current—>comm);

fd = open_inode(bprm->inode, O_RDONLY):

if (£ < 0)
return fd:;

file = current->filpl[fd];

if (!'file->f_op || !'file->f_op->mmap) {
sys_close(fd):

AL2) do_mmap(NULL, O, ex.a_text+ex.a_data,
PROT_READ| PROT_WRITE| PROT_EXEC,
MAP_FIXED!MAP_PRIVATE, 0):
read_exec(bprm->inode, N_TXTOFF(ex),
(char *) N_TXTADDR(ex), ex.a_text+ex.a_data):
goto beyond_if;
b
AL3) error = do_mmap(file, N_TXTADDR(ex), ex.a_text,

PROT_READ | PROT_EXEC,
MAP_FIXED | MAP_SHARED, N_TXTOFF(ex)):;
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if (error '= N_TXTADDR(ex)) {
sys_close(fd):
send_sig(SIGSEGV, current, 0):
return O;

error = do_mmap(file, N_TXTADDR(ex) + ex.a_text, ex.a_data,
PROT_READ | PROT_WRITE | PROT_EXEC,
MAP_FIXED | MAP_PRIVATE, N_TXTOFF(ex) + ex.a_text):
sys_close(fd):
if (error !'= N_TXTADDR(ex) + ex.a_text) {
send_sig(SIGSEGV, current, 0):
return O;
¥
current->executable = bprm—>inode:
bprm->inode->i_count++;

9 BEAME binaryE A A =d o] 3714 ALE A Fe
X <7.3>E formatel]l W& disk filew]9 binary offset(N_TXTOFF)# binaryE A AT A5
(N_TXTADDR)E YE i gt} <a.outh>

format | N_TXTOFF N_TXTADDR
OMAGIC 32 0
NMAGIC 32 0
ZMAGIC 1024 0
QMAGIC 0 4096
<3E7.3>

74$-1) OMAGICY 7%
Lo AdfileS EF memoryE go]Eo]7] wl¥o] mmapS Tw binary inodes Al-&3}A
o=t} vEo JIEFELE ¢ <ET7.1> page fault7h LA GLSw, mapd  diskel A
[e]

glojEol7] 8l e binary inode’} ¥ Q3. 2 A OMAGIC formatel A& page fault?]
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G2 A 22 pageS oA addressell &} (get_empty_page)

disk file®] 33 A byteH user AFMA 00 & binaryZ7]5H5 ¢joj &9t

MAP_FIXED
o] flagZ7} AFEA ¢dow g8la A5 AXH address’t ARsIA o UE addr
< mmap system callo] AA% Zol AFst) o]u] mmap® returngh-& system calle] A
8l address7F B9 218 Y 9] flagZ) set® o] o FE7A 42 AFH addressel
binaryE A A& oF 3}, o] address pointer’} return$tt},

o] 3= OMAGIC formate] oFd73-$-o]t}.
open_inode &

inode®! file®] file descriptor® -3%tt},

73-9-2) mmapstrrt AlSEE A S 749100
default® anon_mapo]l F3= 1 A#files <E7.3>0] Wil loaddo},
QMAGIC format®] 7% memoryS R pageE v]Ye=ul ol Ao ZA process’} NULL
pointerE Aot ol ulE Aol ES v = 4096 byte A of#lFH-E Lot A
page fault7} W3}, page fault handler(do_page_fault¥5)olA th3t 22 M A7} &
B 5] 3L processE A #h.(o] WlAlA = /proc/kmsg o EHE AT

Unable to handle Kernel NULL pointer dereference.

739-3) OMAGIC format2 A€ s dwkael 7-¢-
text3 97 datad 9 U799 mmapvHS St} o] F binary7b 3 H 2 51H page fault
7} A SFaL fault handler’t £7%E ¢ pagewtS Wl EZ o] A As= Aoz FPAT (9]

T gg HEo] #Hedw A fault handler® A, YAl $+ page A A) o] &7 23 HQ o
2 pageE AMESIE Z21E Al ¥ o] A (demand paging)©l & g,

e

flush_old_exec¥ts~

forkgw], X processEHEH BAH 556 A9 (vm_area), 1dt, signal, page tables 2
clearr] 71 o},

o] el A clear_page_tables@+E %314 exec system calle] 3= ® processe
#3138 AMEL processd WEOZ YAAY execTs7l AAHROR Feo] EUH A2
processt SRIAUT. vBALAQ FRAAT execTT 9 U ZEEO T AT A

101) B o}y o]t A2 ursk arh

AR
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g, o] e HE process® EFolgtal &4 & page directory entrye2 clearA] 7] it
3 Dpage table2 WA 7t T8y process’t EEEW FEEE free_page_tables-7}
page directory=x} S| WAl 7= Zl 3= @8] clear_page_tablest page directory®] user page
HEY clearrl A A 22 process TS $3] page directorye 12 AEE U

current->executable
binary inode®A] binary7} $8% S FA 28y OMAGICY 7395 NULLo] #Ht},

brk system call
datasg g2 72174

change_ldt, create_table3<=&¢°l 23| stack pointer”’} set®t}.

75.3 stack set

rﬂ

AW TE process A HHA] 7ol &8] 1 stack pointerE seteHt.

1) change_ldtg<

7549 Zx7)eolA bprmpage[]"ﬂ ol W BAMTE set$t page? pointer7} & A F o] 2}1‘/}1
= X

A& 719&tA). o] 4= I pageSS processd MEFAF o] SFsit} 102 A EE A

GB (TASK_SIZE) #l2 "oln, I8<7.11>9 pE ot mE9 QW] sj=3stu}

rlr o

D p += change_ldt(ex. a_text, bprm->page):
) p —= MAX_ARG_PAGES*PAGE_SIZE:

2) create_tables8r

O

change Idtste] 93] APFFroz FAZ A5, Mo Ui ¢ pointer tableS A9}, 1
A7.12>5 ZFasE returngk @l peE 289 spoll AESEEHN stacke] A|FHH R o) 7% S},
binary+ ©] stack pointerE ©]-%3}¢, execve system callel 93] HEH ¢ @ FFHFE

des A

102) 8§ o] =2 o|Fo| change_ldt#] ¢ RETh.
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p = (unsigned long) create_tables((char *)p,bprm->argc, bprm->enve,0);

current->start_stack =
regs->eip = ex.a_entry

regs->esp = p;

% page T HAHF2
Ul i

p;
eip, magic happens :-) =/

I

/%
/%

stack pointer %/

Imear address space

kernel space

physical page

—l
.

bprm.page 0]
B 94 EEPEA IO 2
<a3E711>
& 7] sp— .
arg | arg | arg eHv|eny|eny[any arg | arg |arg | enwv | env [end env
Inear space arge| X8 POV 00 1 2 g | 0L ] LU I A hern
VP |ptr pEr p?r pltr pltr pltr pir sty | str |str | str | str [str | ste
L I N - T & I 1 I 1
thes=0 | 3G
A+ 4
<3HE7.12>

(6. page fault
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task7} accessdl#lE= A& addressell &# page’l TEFEo] YA AV, accessTHE task7}
24 levelo] YolA access s 5ol o9 ld(exception 14)91 page fault7} A s}
o] W gl AeAE page fault handler?! do_page_fault(mm/memory.c)t57} =3 H=d 1 =

e Y 2

asmlinkage void do_page_fault(struct pt_regs *regs, unsigned long error_code)
{

unsigned long address:

unsigned long user_esp = 0’

unsigned int bit;

1) __asm__("movl %%cr2,%0”:"=r" (address)):
if (address < TASK_SIZE) {
2) if (error_code & 4) { /% user mode access? */

if (regs->eflags & VM_MASK) {
bit = (address - OxA0000) >> PAGE_SHIFT:
if (bit < 32)

current->screen_bitmap 1= 1 << bit:
} else
user_esp = regs-r>esp:
}
3) if (error_code & 1)
do_wp_page(error_code, address, current, user_esp):
else
do_no_page(error_code, address, current, user_esp):
return;
}
address —= TASK_SIZE:
4) if (wp_works_ok < O && address == 0 && (error_code & PAGE_PRESENT)) {
wp_works_ok = 1;
pgOL0] = PAGE_SHARED;
printk(“This processor honours the WP bit even when in supervisor mode.
Good.\n");
return;
}
5) if (address < PAGE_SIZE) {

printk(“Unable to handle kernel NULL pointer dereference”):
pgO[0] = PAGE_SHARED:
} else
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printk(“Unable to handle Kernel paging request”):
printk(” at address %081lx\n”, address):
die_if_Kernel("Oops”, regs, error_code):
6) do_exit(SIGKILL):

1) control register CR2¢l|+= page fault7} WA s A3 address”t 59 Yot
2) 3) error codeT page fault <9 739, AREAQ of oA AH-e-9f thE FE9 +x

Z3 9l 2¥<7.13>9] 4L JER Y

il
P

31 15 3
AHHA g5

win g | M
A -
o]

<197.13> page faulte] 9] 9] error code %

P hit page =A8HA] o

page level 3.9 $uj

fault®] #121o] ¢}7](read)

fault®] ¥Qlo] 2~7](write)

process”} supervisor®a o 2 25 ol S wHA

process”} user#A o2 Ay gl S WA

W/R  bit

U/S  bit

_ O = O a O

page fault®] ¥9¢l9o] page’} £A8A ¢k7] wi-o]# ¥ do_no_pagest7}, page level B 3.7}
Plol ¥ do_wp_pagedtF7t T

4) memory Z7]3(1.7.144 mem_init)A] o] WP hit7} A E= =4 &l
5) null pointergd <+ &<l. (7524 Fa1)
6) fault@ A st address?’} TASK_SIZE H (0 ~ 3GB)¢tel A 2w processsE ErF U}

76.1 do_no_page 3%t

do_no_page$t access@# & addressel page’l @@= o] A ¢kSull page faulte] 9ol <3
TR
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void do_no_page(unsigned long error_code, unsigned long address,

struct task_struct *tsk, unsigned long user_esp)

unsigned long tmp:
unsigned long page:

struct vm_area_struct * mpnt;

1) page = get_empty_pgtable(tsk, address);
if ('page)
return;
page &= PAGE_MASK:
page += PAGE_PTR(address);
tmp = *(unsigned long *) page:
2) if (tmp & PAGE_PRESENT)
return;
3) ++tsk->rss:
4) if (tmp) {
++tgk->maj_flt;
swap_in((unsigned long *) page):
return;
}
address &= Oxf£ffff000;
tmp = O
for (mpnt = tsk->mmap; mpnt !'= NULL; mpnt = mpnt->vm_next) {
if (address < mpnt->vm_start)
break;
if (address >= mpnt->vm_end) {
tmp = mpnt->vm_end:
continue;
}

5) if ('mpnt->vm_ops |! !mpnt->vm_ops->nopage) {
++tsk—>min_f1t;
get_empty_page(tsk, address)
return;

}
6) mpnt->vm_ops—>nopage(error_code, mpnt, address):
return;
}
7) if (tsk != current)
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goto oK_no_page:
if (address >= tsk->end_data && address < tsk->brk)
goto oK_no_page:
if (mpnt & mpnt == tsk->stk_vma &&
address - tmp > mpnt->vm_start - address &&
tskK->r1im[RLIMIT_STACK].rlim_cur > mpnt->vm_end — address) {
mpnt->vm_start = address;
goto oK_no_page:
}
tsk->tss. cr2 = address:
current->tss. error_code = error_code;
current->tss. trap_no = 14;
send_sig(SIGSEGY, tsk, 1):
if (error_code & 4) /% user level access? */
return;
oK_no_page:
++tsk—>min_f1t;
get_empty_page(tsk, address)

1) addresse] #Z3= page tableo] =% =2l gvd E&pageE addressoll | F3d= page
tablee @3ty

2) addressel 3]%3}= page’} memoryitel EAs=x ol

3) rss= task?’} AFEE9 &8 paged ot} o] oA addressol| ¥ pageE I AolP=m
rssibs 1 S7HA1 7Tk

4) pageZ} @A memoryieol= YA T page table®] page pointergts 7FA 3l b H;F page
7} diskel swap-out® Fed-S o vt} WA swap-inS A A% memoryel] 3% page
= loadA] 71},
page fault handler:= page fault7} €ojt 5= 7| ZE351=d, disk2FE gojEo]oF = 7
L maj_flt, 184 && A9E min_flte]l 7P maj_fites A Y swap_ino] T3
A 7] F5H

5) OMAGIC binary format®] 7-$-of s|%¥ ). DA addressol] &8 pageE ok}

6) file_mmap_nopage®+7} +=dH
o] T U Edpagest TRET A Fleta, EVlesttt® addressel A EL page
= gt

7) e AR A= AYslas SIGSEGV signals processelAl Blth o] signals ¥& pr

—ocess? defaultF 22 processE ERA7|E Aot}
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A7 e &

& processell 93 ptraced o A= 7 -%-.(ptrace.c? getlong, putlong 3+

A2l 7F WA Aol bssFAUN HS-

o9l7} WAT AL B (vm_area)dbol EFADSF Y= A

Ao AZIA A7 ABEW Al 22 pages addresse] &

off
o
iy}

76.2 do_wp_page $rr+

e

do_wp_page®TE process”} access(¢]7], 2712 = HA o] access7t BAEA e A
o]

T L)

£ page faulte] &e] 9 & FBHAT. page faultel 99 Z#9E 3D paged R/W bits} £
of 3l

2] #elo] 98 o] 4y} TEE X T UE processE ptracedtE A-FolE L process

9] pagei-fell 93] software’dolr] o] 47l & H 7% ¢,

olu kernel& M 2L pageE TEo] addressel @etz, 7€ FFHYA paged &

2 A ZE pageo] EAFSHG. o] Alo] 7.3FH oA

A
=
e FATT WEZh TLES AR page FIHE ol

void do_wp_page(unsigned long error_code, unsigned long address,

{

/v B e w

1) if (!(page & PAGE_COW)) {
if (user_esp && tsk == current) {
current->tss. cr2 = address;
current->tss. error_code = error_code;
current->tss. trap_no = 14;
send_sig(SIGSEGV, tsk, 1):

return;
}
}

2) if (mem_map[MAP_NR(page)] == 1) {
*pg_table 1= PAGE_RW | PAGE_DIRTY:
invalidate():
return;

}

o
1% Copy-On-Write(COW)HAl o]t} & 2

=

B

&l
o] 4

=

—_
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1) PAGE_RW bit?t PAGE_COW7} EF setd]oJJA ko™ 7 &2 0% read onlyd 8¢S ¢

v §t}. ol 5o setHAAUA ok, FAFY processAAIY UFolA] A7 Ao

st page

fault7} AP dE SIGSEGV signalS processell Al Hlith w+oF -2 processE ptracest=

Zo] HAFPTH o] AL ptraceE D3l U= process el A page ZR-9 ol-f=

Aol 7

olth. olu] do_wp_page®tE 271# ol JheeA TAl FARJATH( ofd 2) Fa) va2

put_longd5-2] & o]t} .(kernel/ptrace.c)

if (!(page & PAGE_RW)) {
if (! (page & PAGE_COW))
readonly = 1;
do_wp_page(PAGE_RW | PAGE_PRESENT, addr, tsk, 0):
goto repeat;

€ PAGE_COW bit @ o] bite IntelAlel 93] system programmer7} A}

= ZR¥ bitg FolA BlE27t vhE pagedH] bitEA, 27129 erroryt R

T 9

o

W copy-on-write® Al ZF A+ pagedAE AAS o] bites PAGE_PRIVAT
7

E¢} PAGE_COPYol| =35t} 7
user mode A accessEF YEF 7] fs|A ot}

PAGE_COPY+E mmapT A JAE=E MAP_PRIVATE flagel 93] <
vm_page_protel set® th.

2) EAA page® AgEL Yrks Aol FaAH@, AAAe] S Ak TR 9

AeolH _ do_wp_pagedtTel 23 copy-on-write”} 3 ¥},

static void __do_wp_page(unsigned long error_code, unsigned long address,
struct task_struct * tsk, unsigned long user_esp)

/2 B 2w/

1) if (mem_map[MAP_NR(old_page)] !'= 1) {
if (new_page) {
if (mem_map[MAP_NR(old_page)] & MAP_PAGE_RESERVED)
++tek->res:
copy_page (0ld_page, new_page) :
*(unsigned long *) pte = new_page | prot;

Fo] Z3k¥ hitE= PAGE_USER bit7} ¢

g, o] AL

oA 9

rir
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free_page(old_page):
invalidate():
return;
}
2) free_page(old_page):
oom(tsk); /* out of memory */
*(unsigned long *) pte = BAD_PAGE | prot:
invalidate():
return;
}
3) *(unsigned long *) pte |= PAGE_RW:
invalidate():
if (new_page)
free_page (new_page) :
return;

1) pageE Ffstal v dHolZE(get_free_pageel Al oln] 12 setd S 71984 & me
2 DTh) HEadeE 2L pageel WEE T2 EARSFe] add

copy-on-writed g & £ 8313t}

2) B-ALgk A 2E page’t .
AA pageE AEsal QETUE page fault7} AP uE, 27z ¢o] st EA ol Ela

Aerstn 27140l st ES wAT

]

7.7. LDT(ocal descriptor table)

LDTE taskel &4, GDTelA 9 &S tE taskvt Fxd+ e Ades &9 LDTE o
£ taskE 2 FH €313 589 LDTel TSS descriptoret LDT descriptore 4585 v

current->tss.Idt= GDT9 LDT descriptorg® 78l 71 ™, current->ldt= LDT 2AZE 718 74
18 <7.15>8 default_ldt descriptor® setdl= 74 9= Jeh gt
LDTWE default_idt call_gate= 25184 set® ¢t} memeory’de] &default_ldt= compilerel
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o

old page

L ptel " ptel

page dirvectory

new page old page

L ptel " pted

{copy on write>

page directony

<197.14> copy-on-write
ola A A A9, A=+ o]3Loe] LDT entry pointer7} H v}, default_Idte] ¢St call gatee 52~

kerneldl ol A 1dtE AF-&3tE FL3F 73-9-olt)

Erdefaalt 14t
call gate
‘|_.| iABI_emulate() |
T55
LDT
GOT LDT call function

<397.15> LDT AF&.

LDTY FHu=7]= 8192(LDT_ENTRIES) X 8byte(1719] LDT entry)e] A 9t default_entryS set
gz A% LDTel= LDTI0]Rte] A8 E2 LDT Z7]= 9 v 7k ¢lv.
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g 2o e userZ) 1dte] W8S BATSE Y82 modify_Idt system call(kernel/ldt.c)S A&

s gl
asmlinkage int sys_modify_ldt(int func, void *ptr, unsigned long bytecount)

func : 0 1dte] Wi
1 1dt®] i 73419k,
ptr : func”} 0o 1dt= 7}8] 7] & pointer”} return
func7} 1ol® Idt entry @ HE T2 modify_Idt_Idt_sT 34| pointerZA user’} A23t=
TF2A gl 9 1dt7F A"

struct modify_ldt_1dt_s {
unsigned int entry_number:
unsigned long base_addr:
unsigned int limit;
unsigned int seg_32bit:1;
unsigned int contents:2;
unsigned int read_exec_only:1:

unsigned int limit_in pages:1;

/% Maximum number of LDT entries supported. */
#define LDT_ENTRIES 8192

/% The gize of each LDT entry. %/

#define LDT_ENTRY_SIZE 8

€ 0[A2Q kKernelO|Al= default LDTZ2A 3742 entryS setdtZde2=Z HEOQILC}. (hacker’'s Guide 5
Zf Linux Memory Management)
SMEHR entrye= NULLE, SFHH} ME M entry= 22t S A GDTL| entry 4, 5Z user segnm
ent descriptorS(code & data)O| GDT/} OfLl LDTO| AFet7dio = O AZRICE

7.8 swap¥ s

781 swapdy A
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EEd £ swap partitionS F 3= WHT swap fileS o] &3 F7FA WHol 9

o}, Swap°§ AL mkswapB B o& wrEIA 11, swapon TBHo| 9] swap GHOE AR T
%OJQ] System9] file system table2 o231 2t}

# cat /etc/fstab

/dev/hda2 swap swap defaults
/dev/hda3 / ext2 defaults
none /proc proc defaults

AWM A diske] 2M A partition®] swapP o2 23 glvh

ol A /proc/meminfoStS SofthH A},

# cat /proc/meminfo

total: used: free: shared: buffers:
Mem: 7303168 3133440 4169728 1675264 1277952
Swap: 8769536 0 8769536

Swap® 9ol 8 MB7}& whEolA dvta vkt

gkoke]l o 7)o swap fileS AE3}Y] swapd S Hola Aud v o] W Hu
swap file®] °]&< 'happy & 3}A}.

# mKswap happy 8192
# swapon happy

# cat /proc/meminfo

total: used: free: shared: buffers:
Mem: 7303168 3133440 4169728 1675264 1277952
Swap: 17154048 0 17154048

swapd 9ol oF 8 MB7}% sol5S dslth

mkswape w4 swapd 99 A paged WEo| “SWAP-SPACE"# 1 10719 BAE AHojdL:
Holt}, oo #Hels EYvl R A Y pageTdH® 7wl Zell swapd ol AELESwE paget

9= Aol ol Foi N swapd ol e Bevimele] Aol Baod
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swapon< SWAP-SPACE +4¢¥ #®lZ vl swap_map®d swap_lockmape]l&+= F9
bitmapS &t}
ths swap@ el o AEnF=AE BAL

static struct swap_info_struct {
unsigned long flags:
struct inode * swap_file;

unsigned int swap_device:

3

unsigned char * swap_map:

3

unsigned char * swap_lockmap:
int pages:
int lowest_bit:;
int highest_bit:
unsigned long max:
} swap_info[MAX_SWAPFILES];

#define MAX_SWAPFILES 8

swapE 92 /7Rl APEE AL At swap_mape lbyte?}  swap page 171E 718 7
o}, A wkeF swap pagel037F 10071 (4096 X 100 byte®] swap® o)#}d swap_mape 7=
100byte7} B Aot} T A swap_mapS bytemapo]#ts FE2E& Zo] A7l ot} swap lock
mape 1719 swap pageol] 17019 bit7} dFHr}t swap-ing @ul swap_lockmapel A swap-in
Al A #HE paged A Dbite 1= setF . swap-ine] ZYHA set® bitE clear¥ o 12 set@d#H+=
ol olu setHle] ATkH THE process7t H7IFHE sta JEAS YulstEE vltheiof gt
v RE -3 e swap pageE 91¥ process’t FFE Utk o] wl I paged G
swap_map bytet -3 process A5 THE9] gho]l HTh o] Zo] swap_map©] bytemap?! °l-f

olty. =& ZAAM ARESEaL YW swap_map bytegh2 1o] €zl

doe FFHEY. £ swap_maps 157147
= Aol ARolt}. o]F EF ¢ process’t swapP S 7AISHEH 1 3H A RE swap pageE

gefof &Aoot

Skl A page tableoll = E8 pagedar/l 07tvta @v, wheF oJW page”’l swap-out¥ thH 3

= page table entryelli= swap pageT27F €97FA B Y. swap pageTAhT swapd g9 A A

103) o|zlo] B2 page7}t ohlghe Zlol Fosiat,
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free page® ¥ 0,12, W35 Eo}rlE Aol
page table entrvell 917} swap pagerT49 entry &+ 18<7.16>3 7t}

physical page
T 1
< hefore swap-out = rage tahle
31 1211 10
17 nr
[ = | I
entry
l' Swap area
sarap_info[nr ]
< afier swap-out =

pels  pglé pglT  pglE

<1¥97.16> swap out

782 swap-out Ak

1) # o] major fault(task->majflt)7} Zo] dojwt process¥ 55, & swap-inS @] 3+ proce
-ssYFE swap-outth el ALl Hr}
swap—-outAl Z process’} A W, processd =& pagesel Wl tLu e FHke] ALH
=3

2) PG_ACCESSED bit7} set® pagets swap-outr] 7] A k=t 297k thA] access®E 7154 o]
03 B7] wo|v

3) RESERVED paget swap-outA] 7] Al &=t} o] & pages2 719 ZEE 99 pageso|t}.

4) last_free_pagesel] ¥ 33 paget swap-outr| 71 A &=t} #H A4dH QEQ‘HHO]E 3t &8 page
2 2o

Anz DHEY A9E swap outdF9 v ZEE B}l processolA swap-outr]lZ pageel &
(swap_cnt)-2 major faultell o A" H ).
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* Determine the number of pages to swap from this process.
%/
if(! p => swap_cnt) {
p—>dec_flt = (p->dec_flt * 3) / 4 + p—>maj_flt - p->old_maj_flt:
p->old_maj_flt = p->maj_£flt:;

if (p->dec_f1t >= SWAP_RATIO / SWAP_MIN) {
p—>dec_flt = SWAP_RATIO / SWAP_MIN;
p—>swap_cnt = SWAP_MIN;

} else if(p->dec_flt <= SWAP_RATIO / SWAP_MAX)
p—>swap_cnt = SWAP_MAX:

else
p—>swap_cnt = SWAP_RATIO / p->dec_flt;

=8 swap-outF ol task—>rss7t 1 7H&3%o)
7.9 vmalloc &4 (mm/vmalloc.c)

71804 =9 999 kmalloco] AHWEEE dFs= Aoz, vmallocd kerneld d 7S ¢

a7l A8 Ag

struct vm_struct {
unsigned long flags:
void * addr;
unsigned long size:
struct vm_struct * next:;

Y
g wazes g e gsteld sME I XREH F7Hs s idves Soly. g g u
FFFALelol = 4K el I Tk o€l Foma FPFE Wolha Fzabel udl

™
dol e xFAEAT RASAH AgA
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#define VMALLOC_OFFSET (8%1024%1024)

void * vmalloc(unsigned long size)

{
/% = 2k ®/
1) addr = (void *) ((high_memory + VMALLOC_OFFSET) &
~(VMALLOC_OFFSET-1) )
2) area-»>gize = size + PAGE_SIZE;
area—->next = NULL;
3) for (p = &vmlist; (tmp = *p) ; p = &tmp—>next) {
if (size + (unsigned long) addr < (unsigned long) tmp->addr)
break;
addr = (void #) (tmp->size + (unsigned long) tmp->addr):
b
area—>addr = addr:;
4) area->next = *p;
*p = area;
5) if (do_area(addr, size, alloc_area_pages)) {
vfree(addr):
return NULL:
b
6) return addr:
b
D =g 3e SMAARH &3S A =5
2) EE I TFFALolo] AK EHE )
3) size7t vm_area®d S FH oA Fex Rl
A A9 vm_area@ GO R A AFAE HA| DIt
4) &Fd o listoll F7}el
5) &% 7HEFTtel EEvReE Fojdt
6) &aite] Al &AFAE return?Ht

static int do_area(void * addr, unsigned long size,

int (*area_fn)(unsigned long, unsigned long, unsigned long))
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1) dindex = (TASK_SIZE + (unsigned long) addr) >> 22:
2) if (areatn(dindex, index, 1))
return -1;
R

fo
fr
ek
oft
i
vl

1) kerneld & ¥7+&

2) alloc_area_pages &

static int alloc_area_pages(unsigned long dindex, unsigned long index, unsigned long nr)

{
unsigned long page, *pte:

page = swapper_pg_dir[dindex]:

if (!'page) {
page = get_free_page(GFP_KERNEL):

1)

if (!page)
return -ENOMEM;

if (swapper_pg_dir[dindex]) {

free_page(page);
page = swapper_pg_dir[dindex]:

} else {
mem_map[MAP_NR (page)] = MAP_PAGE_RESERVED:

2) set_pgdir(dindex, page | PAGE_SHARED);

1) swapper_pg_dir2 kernel® page directoryo]th. @33 = 99 page dir entry(page
table)e] 129 page table2 ot}
swapper_pg_dir¥# vt ol EE process page dir®l kernell-#1040]

2) page table pointere

[«]

213t FiFolth.

o

104) B E page directory?] entry 768 ~ 10232 kernel Z7H2
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81 =73t

system call sched_init(sched.c)ol Al %73} H o},
set_system_gate(0x80, &system_call) /% in sched_init */

gl 5 2o A= INT 0x802 system callS $13 AF-&3Hr},

9o WjzmEE 0x80 interrupt® ¢ ¢+ gate descriptor® THEU. &system_call® handler?] F4
of dFet}. head. S _idtHHo|A 0x80H A el o] descriptorE YO int 0x80 & ol <3
handler7} =38t (E& o]vn] oA LHdtEEH el 3 o] ¥9L interrupt descripto rE £

8 AR AL CPUSIAl e Fglth 24 2)

3

#define set_system_gate(n,addr) \ /% include/asm/system.h */
_set_gate(&idt[n], 15, 3, addr) /% descriptor& GQHEC}. =/

n< interruptf 3ol™, 155 type, 32 dpl, addre interrupt handler 20t} wlA interru
-pt descriptores 18 <8 1>3 & FE ko] H}
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i

P
P L TYPE
oo 1[11{01111|000 PlARE
KERNEL ('3 addr

<1¥8.1> interrupt gate descriptor

dpl 32 user processo] &+ FH:to] 7lEst AL vy, type 155 IF flag bitE clearA] 7]+

Aol E7lsdE Ui 3l

i

S WjzR2E system callE ¢

&4=9] parameter=¢| t}.

St
B
-
il

o

7= =t (include/linux/unistd.h) syscallXel A X+&=

#define _syscallO(type, name) \ /% include/linux/unistd.h =/
type name(void) \
{\
long __res: \
__asm__ volatile ("int $0x80" \
© "=a" (__res) \
: "0" (__NR_##name)); \ /% eaxO E0{ZFC} 105) =/
if (__res >= 0) \
return (type) __res: \
errno = —__res; \
return -1; \

}

i
ot

dE 59 fork system calle] ¢ o] WlmzE A}&3FT)
static inline _syscallO(int, fork) /% init/main.c@| A{FOAl =/

A 4 syscallt| Z 22 type name(void)¢| int fork(void) 7} H+& Zo|t},

o] & fork system call number?l 29} &7 int 0x80 ©] &% 11, syscallStle] _system _call:
BHo] £3%}, _system _call: ZEo tslAE 828 A =9

o

105) "0” &= operand 0(“za”)e} FUgF #HA|AE|Ql eaxo] system call numberE Y-

t}.

BE

o
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#define __NR_fork 2
user L2 1o s TR L2 08 AFo
#include <unistd.h>
gaugk HFo 2 A system call routine(kerneltl®] sys_fork3kg)o] 3EH . o] AL libraryol
o) &) o] FoAY, 1# ), kernelH oA sytem call$.&S HsiHdE 99 inlined= 9427}
glojokdtt), inlinedtrE WARAZ, 33 fork()9 Aol Eo71A €W, 35 cal -lo] w2

B5E Fo] $YLEE ol FTHIO

99 inline¥+ nt WHo| 93] system_call routineS &3},

3.2 system call routine

.align 4

_system_call:

1) pushl %eax # save orig_eax
SAVE_ALL

2) movl $-ENOSYS, EAX(%esp)

cmpl _NR_syscalls, %eax
jae ret_from_sys_call
3) movl _current, %ebx
andl $ CF_MASK, EFLAGS(%esp) # clear carry — assume no errors
movl $0, errno(%ebx)
mov]l %dbb6, %edx

movl %edx,dbgregb(%ebx) # save current hardware debugging status

4) testb $0x20, flags(%ebx) # PF_TRACESYS
jne 1f
5) == c¢all _sys_call_table(, %eax, 4)
6) movl %eax,EAX(%esp) # save the return value
7) movl errno(%ebx), %edx

negl %edx
je ret_from_sys_call /% error Q2™ | CF=0 =/

106) Using and Porting GNU CC for Version 2.5
5.284d An Inline Fuction is As Fast As a Macro
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movl %edx, EAX(%esp)
orl $(CF_MASK),EFLAGS(%esp) # set carry to indicate error
Jjmp ret_from_sys_call

.align 4

1: call _syscall_trace

1) system call number(ORIG_EAX) %} 87 H A AEHZES stackol HF#SHr},

ORICG_EAX
25
fs
es
ds

gas
ebp
edi
esi
edx
BCH

eha

Ep

<IHE82> A AEE stacke]l AR

ds,es < KERNEL_DS
fs «— USER_DS

2) default error® Not system call(ENOSYS)S set$HF, system call¥d$] el sytem call number

7F JEA FF, HHE Wy errorgkd @4 1 return.

3) carry flag hit7} No set® %7]3} FH oA system call¥ error7} A% setdo]#v}d &
A process? task structel A errorzk® 02 %7]3}9} debug state registergh-s B3,

4) process9 EFLAGZrol PF_TRACESYS(process flag-trace syscal)7} set=¢] 4O, sys
—call_trace¥t 2Z%F TASK_STOPPED}H, signal®t o ¥ WAl running &7} =

5) sys_call_table(sched.c)& Al-&38te] 3% sys (fork system call®] 7 -9E sys forkdt

%) 32100
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Stoll A& parametere A o] wEl 18 <R 2>9] spellAHEH AHE JAEH
fork®}t exec system calld® stackgtel FAZF ADdHE A9 spAAREH ehx, ecx,
edxgvhe] AE=E = A7 A

sys_fork(struct pt_regs regs)
sys_open(const char * filename, int flags, int mode)

fork9] 73-¢ speld Al#ste] g3 e FR2AI8e| gho] &ol7lar o] 2 A7} parametore]

/% this struct defines the way the registers are stored on the
stack during a system call. */

struct pt_regs {
long ebx:
long ecx:
long edx:
long esi:
long edi:
long ebp:
long eax:
unsigned short ds, __dsu;
unsigned short es, __esu.
unsigned short fsg, __fsu;
unsigned short gs, __gsu;
long orig_eax:
long eip:
unsigned short cs, __csu;
long eflags:
long esp:
unsigned short ss, __ssu;

A opend 7 - stackel AAE ebx, ecx, edxE0] filename, flag, modeo] X} = gho] A&

107) foo(,eax,4)= foo + eax¥d & L}E}YT].
108) include/linux/ptrace.h
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6) returngk(fork® 7% PID)S stackel] H &,

7) errorgkol YEA &l carry flag bit7} seto]d eror.(neg@Ho] ) eflagE task stru

—ctof] R,

flo

&L sys_ 85 FRF system callZHH user mode® E-AstE FA o}
ret_from_sys_call:
1) cmpl $0, _intr_count

jne 2f

mov]l _bh_mask, %eax

andl _bh_active, %eax

2) jne handle_bottom_half /% bottom half routine =& =/

9: movl EFLAGS(%esp), %eax # check VM86 flag: CS/SS are

3) testl $(VM_MASK), %eax # different then
jne 1f

4) cmpw $(KERNEL_CS), CS(%esp) # was 0ld code segment supervisor ?
je 2f

1: sti

5) orl $(IF_MASK), %eax # these just try to make sure
andl $ NT_MASK, %eax # the program doesn’t do anything
movl %eax, EFLAGS(%esp) # stupid

6) cmpl $0, _need_resched
jne reschedule

7) movl _current, %eax
cmpl _task, %eax # task[0] cannot have signals
je 2f
cmpl $0, state(%eax) # state

jne reschedule
cmpl $0, counter (%eax) # counter
je reschedule
movl blocked(%eax), %ecx
movl %ecx, %ebx # save blocked in %ebx for signal handling
notl %ecx
andl signal(%eax), %ecx
jne signal_return
2: RESTORE_ALL
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interrupt handler’} 8= hottom half routineZ A FA|Z] A schedulingS 34
o},
ottom half rountineS 2 8§ A] 71},
714 8086model X &el,
kernel mode®] 4] 2] system call£Z°] % No scheduling
IF flag®l set®} NT flag® no-set A &9l (sched_inite]l A ©o]w] NT bit clear)
need_reschedH =7} setE| A 2™ scheduling.
o] & & A processﬂ signalS WokEx] &l s}
92 signal®] block® o] ofY ™, signal_return ZER 714, signalS A 8] gkt
init_taskE signal® w24 glorz &elzke] glo] B
process9 state’} TASK_RUNNING®] ¥ scheduling.
counter’} 0°] ¥ timeslice® =7 AFE9F Z o] 22 scheduling.
9) RESTORE_ALL
stack®] register5S WAl loadAl 7] L, iretdHE A3} system callE 3.E3F E(user
mode) 2. & -7 ¢t}

D
o

g l‘ll‘

3
4
5)
6

2)
)
)
)
)
7)

i

Ol

3.3 STACK

8.3.1 Kkernel stack page

gl 5 2o A stack user modeo| A E process® userA dF7he]l Hof &AM, kernel mode®

71913t forkA] EFHE2 1 paged) A EE] 7} stackl. & AEF T

75349 OYE<12>E B AHFHEFE] AFHA 3G #vtEotd o] T e Ut

T AP F s AHA stacke] FEE 2 9SS 494 Y. stack point —ere U
F W] Eoj71A B v).(load_aout_binary &5 £l A) regs—>espZ} user programo] A3

oN
g
+= stack pointer7} ® o},

rir
flie

2

current->start_stack =
regs->esp = p; /% gtack pointer %/

kernel modeel| A9 stack®] Z7]E= 1 page® g Eo du. a8l RQEFO|E forkA] BE
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processoll 7l AL registergbe=S AR o] AL tss.sp0(EAHE 09 stack pointer)el] A
ZAHET, spOE 7Y R E A AFEHET. stack page?] 1 PAGE - sizeof(pt_regs) AA%¥ 7z+

processs7} AF& 2 stacko] AlzHE T

tez.zpl
tegs of parent }—
taz.ap
T
saved sizeof (pt_regs)
by system call

kernel_stack_page

<71¥8.3> kernel mode stack

fork system call®] ZE=E H AL

if ('(p->kernel_stack_page = __get_free_page(GFP_KERNEL)))

p—>tss. ss = KERNEL_DS:

p->tss. ssO0 = KERNEL_DS:

p->tss.esp0 = p—->Kernel_stack_page + PAGE_SIZE;

p->tss.tr = _TSS(nr);

childregs = ((struct pt_regs *) (p—>Kernel_stack_page + PAGE_SIZE)) - 1.
p—>tss.esp = (unsigned long) childregs:

p—>tss.eip = (unsigned long) ret_from_sys_call;

schildregs = regs; /% 532 process®| registerg/E X2l =/
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o

8.3.2 stacke Al&

TJH<B4>0l forket execoll 93 stacke]l AMEEHE AL yEUAT 4 forkeld R
process A9 registerZztE2 system call®] £ Ho SAVE_ALLe] 93] A->tss.spellr HH A
ZAHEY, o]F AA process BE $¢ stack page’l wFEOIR a1 YRR A419] stackel] Y&
registergt 52 EAFSLE AA processoll M exec7t E&EFE T 9GA] SAVE_ALL o 9)s] A4
process9| registerghE°] B->tss.spoll A% 11 kernel stackelE user A& ¥7F stacke] $1X7}

Ao
regs->esp = p; /% gtack pointer %/

o] & user process’} T3 % WA tss.splkernel stack page pointer)e] 8] AAle]l M EE7F stack
&

S A5 9tk a8 3 kernel stack®] W82 39 process7t TR 7tA E-EE Aot}

B —tss.spl
| 3G
B-tss.s e
A tsls.sp P
copy s esp
USER
SPACE

of process-&4  —— of process-B =——b
Jork exer

(parent) {child)

linear address space
of process-B

<1¥84> stack? Alg

o

user page= swapping®] 7}s3ty kernel pagets swapping®]l HA &et}. stack®] ZA-§-Eupzt
7} A o] e},
Z 112 init task®] kernel stack paget init_kernel_ stack[1024](sched.c)o] .
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static unsigned long init_Kernel_stack[10241]:



&) &2 partitiono] 2} 31 A=
£ DOS9 fdiskel| 93] &gkx

9.1 =9 sector® =8 sector

S EQAT g5 systemel] e 22 olYt}, glE 2 system
partitions U & AFR-8}7] o Eo|t},

hard disk® o349 floppy diskettes AAEF2AT #2 FHE Hojdth headE 014 FH,
cylinder= 0o AHH, sectore= 1AM HH EHI7 E=9. w84 MBRMaster Boot
Record)2 head 0, cylinder 0, sector 1o YX3tA Hv}y 2@d thREEQ system(2% A A2

disk#e] 5 ZolstA a7l =3l 9T =g Sectora}% A= }%i‘:} =g WHE#H 00

A HY diske] viA g2 HIE
o 2 A, head 12, track3d

1) head 0,
2) head 1,
3) head 2,

cylinder 0, sector 12
cylinder 0, sector 12

cylinder 0, sector 12

11, cylinder 0, sector 12

=90t =HEe

sector7} 3591 disk®] =@M IE Bol: Hgﬁﬂ% oo} g

=8 sector 0
=8 sector 35
=8 sector 70

=8 sector 385 (=11X35)
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5) head 0, cylinder 1, sector 12 =8| sector 420 (=385+35)

o] 212 diskE formatting@ e} £AS A2y, cylinders . 2 FAFE = A2 disk arme] o]
T3 AlZEE Fol7] AsiA Y

y 1

9.2 setup system call

setup system call2 DOS partitionS E & FA systemel] A ¥ TE hard disk partition™
HE o). o]ZA& MBRel & partion tableE golEolE= Aol o& o]FoZ Y. partition
table2 47§9] partition record® Yo7t} MBRE 0xIBEe] % $t o]= record® F+%(genh

-doe v #Zu

struct partition {

unsigned char boot_ind: /% 0x80 - active %/
unsigned char head: /% gtarting head %/
unsigned char sector: /% gtarting sector %/
unsigned char cyl; /% gtarting cylinder */
unsigned char sys_ind: /% What partition type %/
unsigned char end_head: /% end head %/
unsigned char end_sector: /% end sector %/
unsigned char end_cyl: /% end cylinder %/
== unsigned int start_sect: /% starting sector counting from 0 */
unsigned int nr_sects: /% nr of sectors in partition %/

partitionell £ 37}A 557} 9t} primary partition, extended partition, logical partition, primary
partition e 9] diskell 47 7kA] 7hastth o] AL diskdAlol 4719 EJAAE ZotA ALEE
T YSL duslr|xE gl ] @& partitiono] B LS primary partitionS o #H7M9] logical
partitionS 7}% extended partition®. 2 A}-&3l® FHtu}l o] Ao thalA= LILO#H 7 Ao 33
LILO USER's guide® #x13}7] dp#}.

extended partition= 5WHEE A Z$kt}). & hdab, hdbb.. 9 Zo] Holu),

#define EXTENDED_PARTITION 5
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9.3 gendisk T+ZA

struct gendisk {

int major: /% major number of driver %/
char *major_name; /% name of major driver %/
int minor_shift: /% number of times minor is shifted to

get real minor %/

int max_p: /% maximum partitions per device %/

int max_nr; /% maximum number of real devices %/

void (*init)(void); /% Initialization called before we do our thing =/
Struct hd_struct *part; /% partition table %/

int *gizes: /% gize of device in blocKks */

int nr_real: /% number of real devices %/

void *real_devices: /% internal use %/

struct gendisk *next:

struct hd_struct {
long start_sect:

long nr_sects:

9 FXAE kernelo] #HgstE 2b partitionwtth 7FA T YE partition® B A o] th part->
start_sectel & partition®] A|&sl= Ho sector¥ X7} Eolz7kt, ¥ d| diskel & partition
table?] start_sect'= Al Zrsectore] ZFti¥ A zkolt}l. = partition table®] %+ sector® 7|50 2
Sk gkolt}. primary partitiond ZH$E 02 JEoz AFAEY7 A#Fo] glA ¥ extened

partitiont] 9] logical partitione 7} partition®} o} partition tables 7}# 31 ¢ t}.

18 <9.1>¢ll= /dev/hdad, /dev/hda6, /dev/hda7? A2 logical partitione] Ao}, ZFzF partition
table2 71X a1 gJoH, 7} tableols A4S 718 9] & record$t W2 logical partitions 78] 9] =
record7} 1T},

o] & recordE9 start_sectzt2 Extended partition table®] ¢x]¢F 22 r|&£o 2 St} wila]
AR LA part->start_sectel &o]7Fof Fth. 1H<O.1>0] ekl hdad disk’de
AATeFe 18<92>9 7T}
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Pattition table fdevihda

Partition 1 fdev/hdal

Partition 2 fdev/hda2

Extended pattition fdevihdal
Extended partition table — ]
Partition 3 fdev/hdas

start_sect
Extended partition table —
Pattition 4 fdev/hdab |
Extended pattition table —
Partition 5 fdevihdaT
<19 91> partition table
hdas hdat hda7
mihr|
Itk hdal hda2 Itk hda3

< hdal > B dummy

<% 92> disk9 partition

oA e g)5o] partitione partition tableo] 9+ sectorE ¥ 1 track¥ oA Al #+

=
=

g

static void setup_dev(struct gendisk *dev)
{

1) dev->init(): /% Executing hd_geninit() <hd.c> %/

for (drive=0 . drive<dev->nr_real ; drive++) {
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current_minor = 1+(drive<<dev->minor_shift):

2) check_partition(dev, major+{(drive<<dev->minor_shift)):

1) hd_geninit¥ts= systemel] AA#H diske] 5 #9233l block sizeE A4 gt
HAA kernel2 head”’t 16707} @& ST-506(MFMHuHA ZAFEH FLxRolok7|-ol5¥ A 675 p
—age)< A A ke 109

9]

Ll

2) partitions £21$Ht}. inodet Aol E7F= i_deve] FE(setup_devEZ =] 9] devZ) ol )=
= = =

dev = major << 8 | drive << 6 | partitont&

15~8 bit : major
7~6 bit : minor &

fol

fol

5~0 bit : partitiont13(0,1,2,...), 2°= 64 : /O partition=:

109) @A kernel Version 1.2.3 & MFM%2& 323 RLL, ESDI, IDE, EIDE &2 A

e
St

-
o},
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ClHjo| & =&t0|H

101 A

device driver# monitor(graphic card)Z #] &£ 3%+ hard disk, floppy diskette, cd-rom, sound card,
printer, modem= deviceZ A o]l interrupt handler® @t} 242 IRQo] Whall =9 dFwlA]
IRQ 5¥le] WA A, hd interrupttbs 7 88T 9l o] &7} hard disk device
driverel 3|33t}

10.2 hard disk driver

P<231>S B userd programelA read system callE &5 Y293 E device driver7}
datas gojEol= FAo] e dvt. write system callE E&FHYSuE e AHS AA

diskell 227] 2ol o] Folxir},

deviceel €71, 7] &ALFE 371 YAAME requestil= ZFPGo] glojof Jr} o] AL device
controllerell Al <& AY S st AAE AL @ E} 0] T contollere]l 9@ interrupt
handler7} T35 o] o] o]Fo3t}. o= &9 hard d15k°ﬂ7\1 data® ¢}7] Y= A
disk controllerel Al o1 sector® o= WHS slofstrt. o] F disk controllers diskel A

rsﬂ
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dataZs ¢ o] contoller® bufferel TolF L, irg4l& o] 29/38] hard disk interrupt handler® 3.3+

. handlere buffer®] dataZE kernelll F2 ¢joj&lt).

kol 27| zAolgtd 7| AW aE-S e disk controller= 27] 9% £8]E § ¥ handlerE
3. =%} handlere data® disk controller®] hbufferel] R 32, controllere= buffer®] datas disk

of £t}

kernel2 request queue T A2 #E 8L Yt oI ¥ processell 93 2L devicedl request”f

AuH, X5 vhEo] iy Ak gt wHeF S deviceel Wi request quest7l Bl E A

glol A 2 request7t &vHA HlE FHE AT request queue”t HlOIY A gFrhH, EE o

| process7t A#HY requestE: AWM BHUthE @i FIHE AL AT UHAE

request queueol A th7]sfar glojof S,

S r:i

|

1021 I_rw_blk &

nro] 2 o]’

ol £ diskelAl buffer® data® ¢}al, & A%E wshs Folnt whet
Foz APe ¥ o0& o] o]iol

, bhl0]e] 8 Z3F= disk blockE® Wi o @ #]]-S 93 bhl[l], bh[2],.. &
A0l

s}

void 11_rw_block(int rw, int nr, struct buffer_head * bh[])

{
1) while (!xbh) {
bht++;
if (-—nr <= 0)
return;
¥
plugged = O:
cli():
2) if (!dev->current_request & nr > 1) {
dev->current_request = &plug:
plug.dev = -1:
plug. next = NULL:
plugged = 1;
}
sti();

3) for (i = 0; i < nr; i++) {
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if (bhl[i]) {
bh[il->b_req = 1:;
make_request(major, rw, bh[il):
if (rw == READ || rw == READA)
Kstat. pgpgin++;
else
Kstat. pgpgout++;

}

}

4) if (plugged) {

cli();
dev->current_request = plug.next;
(dev->request_fn)():
sti();

}

return;

1) bh->b_data7} A= Ael A v 2¢o] 7h-5strt.

2) nro] 2 o]ol™ request queueo| AT REFE ti7|A|7]7] $18t dummy requestE Tt
current_request”} 00]8H= AL A request queue’t HlOISE Yeh=d], olujs W ¥
of dummy request?l &plugE T o] ¥ make_request-ol 93] request queuee] F7}
Al du FHEE request7} o] FolAE AL WA g

3) make_request@E 1719 requestE T2vE HIE requestE AA A T A H M9 request
2 o= wE request queued] t71E 9 request7t YHHH request queueel th7A T

= t7159 request’t fLE A -$-(request g

Ae A& YER L Sl

add_request(in make_request)e] A oL

—ueue”t v dE AF) ZF request”t o] F

2 u

if (!'(tmp = dev->current_request)) {
dev->current_request = regq:;
(dev->request_fn)();
sti();
return;

request_fne do_hd_request&(hd.c)o] t}.
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4) 27801749 requestel 93 request queued] HAF requestE o] Lol A YAt}

10.2.2 make_request ¥

static void maKe_request(int major, int rw, struct buffer_head * bh)

{
if ((major == HD_MAJOR
i1 major == SCSI_DISK_MAJOR
i1 major == SCSI_CDROM_MAJOR)
8& (req = blk_dev[major].current_request))
{
if (major == HD_MAJOR)
1) req = reg->next;

while (req) {
2) if (reg->dev == bh->b_dev &&
'req->waiting &&
reg->cmd == rw &&
reqg-’>sector + reqg-’nr_sectors == sector &&
reg->nr_sectors < 254)

req->bhtail->b_regnext = bh:
req->bhtail = bh;
reqg->nr_sectors += count:
bh->b_dirt = 0;

sti();

return;

3) if (reg->dev == bh->b_dev &&
'req->waiting &&
reg->cmd == rw &&
reqg->sector — count == sector &&
reg->nr_sectors < 254)

reqg->nr_sectors += count:
bh->b_regnext = reqg->bh;
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req—>buffer = bh->b_data:
reg->current_nr_sectors = count;
req->sector = gsector:
bh->b_dirt = 0;

req->bh = bh;

sti():

return;

req = reg->next;

~
3

find an unused request. */
4) req = get_request(max_req, bh->b_dev):

/% £ill up the request-info, and add it to the queue %/
5) reg->cnd = rw;
reqg->errors = 0;
req->sector = gsector:
reg->nr_sectors = count:
reg->current_nr_sectors = count;
req—>buffer = bh->b_data:
req->waiting = NULL;
req->bh = bh;
req->bhtail = bh;
req->next = NULL;
add_request(major+blk_dev, req):

1) request queued] W %ol dummy request’} ATk

2) F7MZHE requestd] ZAP Y sector?l request queuee] SlE

request?] Z¢ o] Fsector

b2 ggo] Y, 1 queueel Y= requestol FFAIZIYH F

F7HA request® sector7t BT 2 o] o] Fol AT}
o] 71L& disk®g e HE&S Foly] Mol diskE ydow
sectorel Al datas ¢l AlZFRY Y8lE sector® disk armo]

22 @ o EM7IEA R s e AT o] g e

S 9] requestel] 93l

Poll = HAAR disk
LEE A7

Al (request)
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Hl2 Fof ME MR7[E s Aol
3) o] X% 2)8F 72 Yoy
4) request queuecl| A #]oIA= A& E TS request queued] FH o A& 64700 )

#define NR_REQUEST 64

5) request queuec] 7] YEdE=

10.2.3 add_request &

requestE request queued] 7Y@=} o] AL elevator ¢ FS AFE3HE IN_ORDER W=
2o 93 o] FoZIt}, elevator &L kel A el 71 BE disk arm9 o] =& Hugk Eoj K
e Aol A YA o)t

= O
T

/%
* This is used in the elevator algorithm: Note that

3¢

reads always go before writes. This is natural: reads

3¢

are much more time-critical than writes.

®/
#define IN_ORDER(s1,s2) \

((sl)->cmd < (82)->cmd 11 ((sl)->cmd == (s2)->cmd && \
((sl)->dev < (82)->dev {1 (((sl)->dev == (82)->dev && \
(sl)->sector < (s2)->sector)))))

kernel 4 ¢el+= READ H&o] WRITE B3Rt} | Alg3|(time-critical) &9 %11 &9t}
elevator &g ZEo] tist B}k AA e+ -2 OPERATION SYSTEMS DESIGN AND IMPLEM ENTATION -
ANDREW S.TANENBAUM 3.6 DISKS = Zwslr] wvl&t},

10.24 hd_out ¥

do hd_reques tetE request queued] request’} YEA FAstar, ¢ 7], A7) A S wEl hd

)

static void hd_out(unsigned int drive,unsigned int nsect,unsigned int sect,
unsigned int head, unsigned int cyl,unsigned int cmd,
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A 10 & dupe] A =e}e]n

1)

2)
3)

void (*intr_addr)(void))

if (!'controller_ready(drive, head)) {
reset = 1;
return;
}
SET_INTR(intr_addr):
outb_p(hd_infoldrive].ctl, HD_CMD);
port=HD_DATA;

outb_p(hd_infoldrivel.wpcom>>2, ++port);

outb_p(nsect, ++port);

outb_p(sect, ++port):

outb_p(cyl, ++port);

outb_p(cyl>>8, ++port):

outb_p(0xA0! (drive<<4)ihead, ++port);
outb_p(cmd, ++port) ;

1) controller’} £4]7} 5ol A ¢ko ™ reset = 1

do_hd_regeustell A ThA] Al =& & F-& 50

2) o] Wl sets = interrupt FE hd_interruptl A handler3zke] ¥t oL mx S WX},

static void hd_interrupt(int unused)

{

—

3) o] BHo] disk controlleroll Al diskellA] controller buffer® glojEojttE WS HA
t},

void (*handler)(void) = DEVICE_INTR;

DEVICE_INTR = NULL:
timer_active &= T(1<<HD_TIMER):
if ('handler)

handler = unexpected_hd_interrupt:

handler(); /% read_intr, write_intr &=

sti():

x/

rfr
H
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10.2.5 hard disk interrupt handler

o] & IRQ 14w o] w311 interrupt handler?! hd_interrupt(hd_inite)el 93] read_intr ™=
£ write_intro] 3R, o]5L& controller bufferel A kerneld o2 dataZs 714 A,
kerneld S el A controller buffer2 datas R, 1851, o]&2 $HH9 requeste] SE3lary

# do_hd _requestE F.E3}9 request queued] T2 THE request’t YEA Folg
10.3 line printer driver
o] Atk dukA o 2= pollhA & A

c].' Al o

A)
%ﬂE%/4%§ﬂﬂ,l 3l programell A ioctl system
kil

interrupt'# 4 & AHEETE Y.

printere] data® H U HHoE poll
23 interrupt¥ A & A DI

call®] SETIRQEH o2 [RQE setstt)

t}& table2 HA.(include/linux/lp.h)

t
r
ok

struct lp_struct lp_table[] = {
{ Ox3bc, 0, O, LP_INIT_CHAR, LP_INIT_TIME, LP_INIT_WAIT, NULL, NULL, },
{ 0x378, 0, O, LP_INIT_CHAR, LP_INIT_TIME, LP_INIT_WAIT, NULL, NULL, },
{ 0x278, 0, O, LP_INIT_CHAR, LP_INIT_TIME, LP_INIT_WAIT, NULL, NULL, },

struct lp_struct {
int base:;
unsigned int irqg:
int flags:
unsigned int chars:
unsigned int time;
unsigned int wait;
struct wait_queue *1p_wait_g:
char *1p_buffer:;

baset: FE¥A] ROMU el POST(A7]Z vt program)e] 93] Fels= HH porto] d.
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~
3

I0 address *x/
busy timeout %/

#define LP_B(minor) 1p_tablel (minor)].base
#define LP_CHAR(minor) 1lp_tablel (minor)].chars
#define LP_TIME(minor) 1lp_tablel (minor)].time
#define LP_WAIT(minor) 1lp_tablel (minor)].wait
#define LP_IRQ(minor) 1lp_tablel (minor)].irg

wait time %/

strobe wait %/

NN N
* % % 3

interrupt< O means polled > %/

chars& printer7} BUSY A H Y ¢ dvly 7I9E€2 5 Yerdt
dataZ printere] B strobe linell®o] trolxt}, waits 9] lineo] WA high%tei7F €l 714
7198 7] $18] Q.55 Al7telt). strobe linee] Wd|A € printer#FAATE FarstE}

110) THE UNDOCUMENTED PC-FRANK VAN GULLUWE 709 page
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Z|HE A|AHE

keyboard system® 73-¢ user7} terminalE 3] B Zo| vsH JYRdAE Y EASE I

o] o oiltt,

11.1 Terminal Modes

H

R

Aol Huldel A (attribute)o] tha] AWstt) Huld £AL input® outpute] A==
WS YEM Y. modeol tigh By AAEE W2 oly F Mol thd A= GNU C library referen

—-ce manual Chapter 12. Low-Level Termianl Interface = Z-3.3d}7] u}zt}
11.1.1 Data type

struct termios® &+ YW Zt.(include/linux/termios.h)

tcflag_t c_iflag : input modeE 9|3l flag
tcflag_t c_oflag : output modeE @8l flag
tcflag_t c_cflag : control modeE |8l flag
teflag_t c_1flag : local modeE 9|3l flag
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11.1.2. Input mode

1) IGNBRK : ¢] bit7} set¥] ™ breakz=71o] FA]% T},
break®71-& 1 bytedtd 71 d#9 zerogh bitE=EA 85 7] A E dataf el Al
=

2) BRKINT : o] bit7} set® 12 IGNBRK7} set® ] ¢ ™ hreakzde Huld 3 &8 i
(queue)= clearA] 7132, A Hul el i forground?! process groupel sl SIGI
-NT Al2gg 2t
BRKINT ¢} IGNBRK7F &9 set®lo] 1A ¢ko®, breakx:712 PARMRKZ} set
g o] 9w applicatione] 0% 4= Hi™, PARMRKZ} setd o] A ¢kow
application®] 377 \0'\0'E ¥&F o2 By

@ break=71 (BREAK condition)O|2?

breakZ=712 serial interfaceol| 2} CHFSH diE
1 detdoz2 Eoldol= Break?|7t QUL HIS7V
ES 2EUE H2ZA Break?|E CfAlstct.

ol 2|alf keyboard device drivero ®EEICH
| 28 data™S0M= 1byteO|Af2] zero bit

11.2  keyboardol A4 Key ¢34

ZIREE J|HEY A|AEALo]|E AAAAFE 8042 chipE 7FA 2 Y. ¢ microcontrollere
data®] E%4 check®, Kscan codeE scan code® vlto] & &2 S} 112

WA O"E FEAS codedt FEHAL YL Ay

1) 871 "0"71& FE29 8031 chipe] Kscan codezk? 0x44= mother hoard’+9] 8042 chipell
Ao 113

2) 8042 chip& 0x44= scancodezk®l 0x18= vl o] output buffere] F=r}f 114
PICel+= IRQ 14137} AE¥ t}. keyboard hander7} 7] %3},

3) keyboard handlert= drivers/char/keyboard.ct] € keyboard_interrupt() =4 g #E=o| 9

111) Advanced Programming in the Unix Environment-Stevens 335page®fX.
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cCPU
8042 8031 chip
. IRQ1 ) Keian | DD— 2 =
PIC |« A = E I:l
keyhoard KEYBODARD
controller

Mother Board

<21911.1> keyboard controller

3 buffer?] gk ¢lo] &9t}
scancode = inb(0x60);

4) 937 scancode= drivers/char/defkeymap.c®] keymapll®¥] @S o] 2319, asciighl.® v}
o tty_queuee] A3},

5) 1% terminal device handler’} ©] queued] W-£2 ¢lo] terminal® EYE 3¢ B}

6) keyE ESulE T8 handler’} 3=, 7wl A= E scancode®] ghel thdl A= show
~key#te utilitys AF&3te] dolE4 ) keyE $HH =3t dujvlt) Fo9 zho] HY
ZAolty, FHA gho] keyE w2 (release) A EE+E scancodegto] HUh o E 590 keyE
FEd "0"9 scancodes 0x18¢]th. U keyE =SulE (0x080] ¥t}

11.3 keyboard handler <3 3%

handler keyboard_interrupt() g5=0] t}.

112) The Undocumented PC-Wesley 8% KEYBOARD SYSTEM %=z
113) kscan code table2 IBM PC AT Technical Reference Scan code set 2,3(163,166page)S 2
==,

114) defkeymap.map keycodeZ} =%,
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A1l & = A 2AH

0xd) || gz X8, | Keyhoard handler |—»—{ Hy quene |

ascii ZHFHE

other board

diplay
{——1| terminal device driver

i J
rE ==
"D"% _'_%.

<3811.2> codegt AdaA

t}-2-& handler 53 74 o]t}

1) 71 BEZE disableA] 21t

2) scancodeE glo]&2lt}.

3) bh_activee] KEYBOARD_BH bitZ setgrt},

handler”} return(ret_from_syscall<syscall.S>)&w] o] bite] <93 do_bottom_half routine®]
FH . irq handler® Y™ A ¥ro] &k 9wl o] routined do_bottom_half()<irq.c>#= &
424 bh_activeel set® bitgel 3|13 EE half routine2 st} half routineo] 1
£ DEVICEE include/linux/interrupt.h-2 2113} &},

A5 WAsE DEVICEYE S5 W3 7F ZolA do_bottom_halfOell A 71 HA S EF
Stt}. keyhoardel 3]%8}= half routines kbd_bh()8t4=o] t},

o E 9, console changerl7lE 7A-$e¢]l KEBORAD_BH bitZ settingAl @A 2. 24
ret_from_syscalle] 53 (ret_from_syscalle system calle] returndtAY, & deviced irq
handler’} return@ v $ 8= Fv})EE oA kbd_bhO7F ZE= a1, A& OS2 consol

-e% changedls #qlo] o] Fo] AREFE T,

scancodezt® Oxfafeff, 52 keyboard7} Wi AlA®le| Al scancode®] Aoz HuUE 9
HEolth v 22 AEo] i

115) B} 2}A g L]-&2 IBMPC AT Technical Reference-AJQtt} 4% y|BHE xR,
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@ ACK (0xfa)
7| HEF Echoy Resend®® ©]]9 8ol ufs] ACK(Acknowledge)Z 5 H 32t}
ACKE HuUE o QHYEY Zdgd JHE=EE ACKE gl AgaS dlolEo]a
=

Kol o
o H

o

@ Overrun (0x00 or Oxff)
buffer& %< =334 overrun®A7} buffere] o714 vixw m=E5 o 4§

@ Key Detection Error(0x00 or 0xff)

FIREe 2AoE A9 HHS FaFd 5 ¢

i
ox
ot
°
k=
f
=9
o

@ Resend (Oxfe)
FIRE=7F A g2 Wy g8 g o] #(parity error)7} LA H ResenddHS H

Ao

A ygsolvh

® BAT Failure Code (0xfc)

® Echo (0xee)

@ keyboard ID(0x83ab)

BAT Completion Code (Oxaa)

A A console® tty_struct pointer¥ 5.

tty = TTY_TABLE(x):

xol| g+& 9ol E4 consoled tty_struct® $19%F pointer® 784 AW 28y 02 goHA

A A consolee] gt tty_struct7} =%
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6) raw model A cooked mode?l A & & ¢l gk} 116)

7)

raw mode¥ user’t 3T JgS thFEEUl o] EAA Fcharacter-oriented) A 0. & A
olgy B2 I & applicatione] BRIt 23 cooked modes Z X FF(line-oriented)

Ao 2 4] Carrige Return< 8] &3 CTRL-S,CTRL-Q,CTRL-D(end of file)59 E43 7]
el s whgst = Holglth

mediumraw mode®& E7FEA 7

raw modeo] ™ ZH}E scancodeE queuee] Y&
quevet tty_structmZA ol 9 read_gEA o] e E7F ke US| terminal device
drivere] 9] 3] ¢35 7t}

scancodezke] OxeQo]® o] 7] 5key(PrtscrInsert, 3} 2 5)11To] 1 Oxel S pause keyel o
Sk gholth o] 5& keyE FEwWY =2u Oxe) =t OxelE H|E38le] WrlA scancodezh-S
Zro] Rt

¥ <11.1>°l+= Pauseg Print screen key S o & t}#git).

KEY A slo] 9% scancode(key down/key up)
Pause el 1d 45 el 9d c5b / upAle 9=
Print Screen el 2a e0 37 /€0 b7 e0 aa

<HE11.1>

St

zrol Ag=Aulwlt} handler’} 7159t < Paused)

719= 6H handler7t 3% o2
S B7]1$]3) prev_scancodee] S @il handler® w3t}

2

9) key7F €A upteEl A A down’itE] 1A= check$Ht.

keyE 53S9 handler’} AT E down’deld Aol i, keyE T2u LAIATE up’dEl
EIPA A=
scancode 8 bite up@w(key release) setF . o E S0 keyE FTEW "p’9 scancodet

0x190)th. 23U keyE 2w+ 0x997} #H o}

16) Operating System Design and Implementation -TANENBAUM 30page %%
%378 ANDREW S. TANENBAUMA]:= MINIXE RHE Ajglo]m, o] A m3F MINIX
2 202 gojuzi

17) function key= ETE|R] L.
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& X0l 05 20[H 0[H2 octa8Z!4)2t0l EICL &= 02002 M ZI+2 2000] OfL{2f 1280]

10) €02t elgkel keyE Al gt} Pause keyel tidt 2L sourcee] & F4L& Fa

= Print Screen keyE ¥ EU}. 0zt AESE keyE9 7FA gl of
o] A EO_BASEe 3%t definew™2 #ar 3},
EO_BASE zkel 962 user’l A31A keynumberd $uloll A 2oz At 9t} keynumbers
keyboardel IBMel &3] &%z W F ol o] gko] 27} ¥kE scancodeo] 7| =8ttt 184t
7% keyd A$E key FAM7E IHAY scancodeD WASER oA YR key
-numbers AA($-27F AFEF scancodeE AT AASHE MHE e0_keys[128]M &
o] &gt}

3lar, o7]

3] 1= keyhoard.c

o] 71 A 2-8l& defkeymap.c®t defkeymap.map 7 3t sl 2 @A}
# mktable defkeymap.map > defKeymap.c

=

rir

# loadkeys ——mKtable defkeymap.map > defKeymap.c

o] 98] defkeymap.c7} A= G118
defkeymap.map< keytablewmHeoll &3] A Y,

keycode  keynumber = action

o FEE ot
defkeymap.cel= key_map[161[128]1¢] wido] Eol=dl, [161& [0] ~ [15174A Z+2 %
<11.2>8F e 9u = 7HA 11

%<11.2>9 modifiers interrupthell & “KG” setel 9& %<11.3>7 2L hits9e *3
oz AAPY. E1.3>E key_maplx][128]¢] xo] Eo]z 1 byteo]t}.

118) loadkeys, mktable, keytables?] manual page?}, keystrokes.howtoZE 2 Z3}z},
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W [x] modifier
0 none
1 Shift
2 AltGr
3 Shift + AltGr
4 Control
5 Shift + Control
6 AltGr + Control
7 Shift + Al1tGr + Control
8 Alt
9 Shift + Alt
10 AltGr + Alt
11 Shift + AltGr + Alt
12 Control + Alt
13 Shift + Control + Alt
14 AltGr + Control + Alt
15 Shift + AltGr + Control + Alt

<3#11.2>

| Ctrl-R | Cul-L | Shift-R | Shift-L.| Alt | Cul | AlGR | Shift
bit 7 bit 6 bit D bit 4 bit 3 bit 2 bit 1 bit O
<FE11.3>
Print Screen key A& #7dL& th53 2o},
@ A scancode 0xe0E PO ™ prev_scancodec]| €I return.
@ Y923k 0x2aS o FAIE 5 return.
@ YA Oxe0E o™ prev_scancodeel]| Y4 il return.
9l 0 o

@ 0x37< 0_keysllelA] EO_PRSCR#S! 995 zrol scancodeol &T.

® o Scancode§ 0 2 key_mapllel A 0x001cztS et

® A9 byte 0x00E key_handler?l do_self()2 A A slw o] &
—eue(read queue)el AT},

@ key7l Eodux 22 #ALS E&FH do_selfO=
—eol AFHAE e

shgoll 93 Oxlcgkol tty qu

T = U up_flagZl set= o1, queu

iy
o
>
il

11) raw mode7} obU®EA 1831 e0,el”] 577} o} ¥ A scancode’} EO_BASEZHS ¥

119) keytables?] manual page %%
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St raw modeol & oW $t ghol & queue] Sz At

12) rep == 0 o]7] 9%+ =4,
O key7} ol &l
@ key7l B+ Y592,

@ key7l A% downiEl(user’t A E£A 02 ¢ keyE FEIL Y= Ao E rep’t 045 ¢
=3

& set_bit$} clear_bit.
key_down®l €& 8X4hyte sizeo]™ bitFE 8X4X8=256 bitse] t}.
set_bit 22 E key7l down’te]ell A scancodegko] 240]3A 258 A bitE setAl 7.
clear_bit W Z2E key7} upd & el A scancodegle] 2401® 25 A bitE setA] 7.

0 1 2 3 4 5 & 7

“Fhrte (nnsigned long)

scaneode+1 5] #

key_down[8]

<a911.3>

set_bite} clear_bit W Z 2= 33 bite] ©]F FE returndtul

13) mediumraw mode°| 1= cooked modeo| A3 theket 7155 keyel tha] w28t AT

€0, el7]5 7)ol dejE =z

14) cooked modeel A £ repgke] 0°] A buffer queue’} Hlo] o9 tty queueol scancodeZE
d=t) key7l A% downiHlel go® reps 07} oY A 9k buffer queue’}t Blojglo ™,

put_queuedtr} F=HH )

@D tty quevets 93 queued e o]y
914> 938 queued queue’t E07HE AL Ve 9t
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head—,
head —
tail = head—" tail —" tail —"

(2} (3}

y @
tal —+ tal —+
data
) - N
v b

{3

tty Queue

<2911.85>

(1
(2) queue 1717} &1 24 head pointer?} 157}

) queue”t Wl Z7]74E. tail == head.
)
(3) queue 37| &7,
)

)

(4) queueE 171 ¢jol WO 2M tail pointer 7} 157},
(5) queue”}t full’dl. tail == head - 1
put_queue ol 9 & tty queuedl keycodegle]l o7ttt}

@ KT_LETTER ==

15) enable keyhoard.

11.4 kbd_bh &< 433374

1) ledstate= 3bitel]l 93] A= ™ 752 kdhe E<11.4>3 2o}
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oz 7H=2
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A console?] ledstategho] HIHH 375 oA EdFHGE AL YvsE 2, 0x60 port
o] Oxed¥ ledstateE Hujo] <l

2) console change 2 7A] change_console()
Alt-F1elA  Alt-F10& A}-£3t9] consoles

A bit | Fg(kd.h) &8k ;T key
bit O LED_SCR 1 Scroll Lock
bit 1 LED_NUM 2 Num Lock
bit 2 LED_CAP 3 Cap Lock

<311.4>

sEs g

wanted_console®]| QollA 97149 ko] Eo71A FH

3) breakZ Ak,

olwl do_cons()7} T 3L,

input mode flag?l IGNBRK® BRKINTE 3+

termios struct® 231
ko™ TTY_BREAKZYO] queueel] 9171, readq_flag bit7} set

BRKINT7} set o] Al
Ho}

t}&-& tty.hol 9& break® frame error,parity errorel] #3t A4=zk& o]t}

TTY_BREAK 1

TTY_FRAME 2

TTY_PARITY 3

TTY_OVERRUN 4
queueel] EoJ7F o8 T ZEL do_keyboard_interrupt() =  tty_read_flush() = copy_to_
cooked()7} B EHA queuedl A AFA tty->char_error HFol Eo]7}31, readq flag gkol

gy o] 2 queue(secondary queue)e]| Eolzd Ao gheES AAT

o

4) do_keyboard_interrupt() <console.c>
@ TTY_READ_FLUSH
readgel & UWEE terminale] €# A (gettyEl= daemonel 93 d@Y) I term

inal® ZUHo]| B F7] Aol write queued] =717 #8 Idiscl2® handler?! copy_to_

120) ldisc®} line disciplne?] ¢Fx}o]m, kernelilfF-of] &x3}= moduleE x|, device driver®}
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cooked()12L7} 3 H T}
€ daemon®]# system bootingAl 71E% ¢ background®z FHHE AL @dE)
rclocaltoll A 3= & cron, telnetd, rlogindZ°] Y25 Ath. telnetd® rloginde

sleeping®t 12 Yo7t thE hostoll A telnety rlogin®. & HES A|E3H 7] F39k)

@ console moniter7} YA A|7Fo] AU ® plank(BHIE.320 8 FHo| AA AlghA)E o A

= Qe Agad

timer_tablel l.expires Zr< timer handler(do_timer)7} 7] & vt} check™ <o 07} =
blank”} = 2#+$kt}. console_blanked == 1(blank_screen®t)2 #A| console®] blank’tEl

S ek

5) fake keyhoard_interrupt()
bufferel A scancodeE W glojE 0] A ¢t o ™ keyboard handlerE 7|5 g},

user process= 73} terminal device driver?} ¥ A H .
Unix Network Programming-Stevens 15.2 Termianl Line Displine®X,
121) tty init() = tty register ldisc()ol] &3] SE=Hr}.



12

Elojg AlAE

— =
modem =

FEMOTES &

<IT"EI121> e Hejd 94,

121 A &
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—_—
A

terminalo] 2 A|AEIEAN et AN AA=EHU, UEH A= U RS-232CE[ME AI235|7
modemE S35l0{ EAet HEAH=2 &

Igia=

Al2®a AR AAF terminalS E3 o] Qo] FuR o] displaydtd (v AFs] @3 VGA
card®] #X2g])o] memory map=o] 9ol VGA card9 7-$ Fvulx ]9 0xBS000EH datas A
dom 1 Zke] sEsE 471 monitorel] display®H . o] A& MS-DOSe|A &Z3Z 2 1

3

du 3] ARgetE WE ot

olZy Ayl =9} RS-232CE A23lE terminale] Z-$5 83 ¢dgo] RS-232CEH M-S Z3
o] FAANER AAHEALGE =EHEH vtz v o] #H 3 terminalelE  intelligent

terminal® dumb terminale] ¢l&=TUl, intelligent terminale]l & AA w28 9 processor(CPU)%
S 7HA G Qo] AFRES AAZ AYEF JEF o] = terminalS BEtH, onlinerl &
hoste] &3S wo] WA off lineo] W (hoste}d &4) =¥ AAzA ZAEdch dumb
terminal® A5 9A 4E8 FAZA BT} hostel &3 ot}

console2 4HFF o 2 AlAHEHIEZA S A AFA=Y, dWE O 2 system operator7} Al 2~®H 258
S 98 AFRE R YE terminalS @ShTl

modem= o] &%t terminal2 HAZ A H3AES Z3 terminalS AFESE 7904

gl 5249 /devHEE#lE console, tty, ttyS, cua, ptys ¥ Z2 device Ex3dEo] AYrt
/dev/consoled @A A& console terminals 7Fe] 71 W /dev/ttyl7} defaulte] ©}. /dev/systty
L consoled AL 7]5S St olde] BuiAlE A FdE major numbers E&0]3, minor

number”} 2t}

# 1s console systty tty0

CrW——————- 2 root root 4, 0 May 13 21:06 console
CrW——————- 2 root root 4, 0 May 13 21:06 systty
crw—w——w—- 1 root root 4, 0 jan 26 11:18 tty0

/dev/tty S} /dev/ttySe @ FeolA AJAEEA R o] E0je7] T ALz /dev/ttye dlmi
o] = console2 93 A&, /dev/ttySE RS-232C =& modem= £38}9] terminal ¢1Z4A]
AFEE T 122(dial in) /dev/cua® major numbor’} 52 A EA oA modemS o] &35t 2% host
of AATu ALBHT. S EA A &FE =¥ Yrr] §1Aclvh.(dial out)

/dev/pty &} /dev/ttyp= 7 (pseudo) terminale] AT 7} terminale A A Ew|do] o}
Uz ¢ %ol A network® 3%t loginel 9 7%, network device ¢ shell& 14A]7]7] 9§+

ZAo)th123) = shell2 network devices A3 terminal® E57F 9o, 2:;HA  recording

122) serial.faq Z=x
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process?} network device2X-E dataE o} ptyel WAFA HY. oA ptye recording
processol Al terminal® Z& IS o). shell ttypolA datas AEsAY ARG =
shellol A= pty7} terminal®] S&#& = Aol o]E % pseudo terminald HsiAe 149
pseudo terminal device fileZ AF-&3%t}. /dev/pty+ master, /dev/ttyp= slavedtil o},
recording processtE rlogind, telnetd serverl29%-o] Ha=9lt}.

38 <22>F STEVENSE UNIX NETWORK PROGRAMMINGX A= & 52 terminal device
o] E0 & th HAZG ot} 12

fark tork

JA

Kermel

terminal terminal
line displine line displine

terminal pseudo preudo
device driver Hdevipty Hdevittyp

master | slawe
GHF SVSIER?
terminal

network E B 3 & £ AL

<a912.2> 7174 terminal® +3%

12.2  tty_init 3

1
2
3
4

major 49 (TTY_MAJOR) device ==
major 5 (TTYAUX_MAJOR) device ZZ.
72y Ho 25671 (MAX_TTYS)9 deviceZ 7124 9t}

bottom half routine 5.

)
)
)
)

123) UNIX NetWork Programming-stevens ol|A4] pseudo terminal 23,

124) glSsAofA s HEEldn)] 4385 = inetd(rc.inet2)o] ]3] 2]F-olA rlogin, telnetd<L Q1
Al 7]5%eh

125) Eo1& ojlHr} ¢ 2 Tl zjalo] ¢ttt I am afraid of Copyright!!
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line displine %4 =%

5)

6) keyboard %7]3}. (kbd_init)
7) console %73, (con_init)
)

8

serial line 2713} (rs_init)

12.3 terminal¥d ¥ A&

keyhoard
kandler

copy_to_cooked
by tty_mead flash

RS—232C N iozazat -con_wmite or
display «1s_write

kaudler by tty_write_flish

<2812.3> terminal GEA & 71A,

1) console®] 9%t A&} rs-232¢ terminalel 2] st

¢l8l 2 7t7t keyboard handler(keyboard_inte
—rrupt @) 9} serial handler(rs_interruptdt3=)el €3] o

7}
en¥ terminal®] read queue hufferel

Sl sy
tty_opene getty daemonel] 23] 7}dconsoles opendlZ] s HLS +FHT. terminalo]
open® A ¢x0 ™ put_queue(keyboard.c) @A read queuee] ¥¥ data7lt E7FA X2t
126)

if (1tty)

return;

read queue buffer= tty_structm A --> tty_queuem=A -—> buf[TTY_BUF_SIZE]¢]
= A gkt
U&2 tty_queue®] 2= A o] th.(tty.h)

126) FEdul gettyZ7t %] Hol= keyboard?] keyE &= o] 4] d=rh
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#define TTY_BUF_SIZE 1024 /% Must be a power of 2 %/

struct tty_queue {
unsigned long head:
unsigned long tail:
struct wait_queue * proc_list;
unsigned char buf[TTY_BUF_SIZE]:

2) 7+ handler+ bottom half routine®] ¢lil ©] S22 handler43A] =2t W, o] 5o &3 TTY_
READ_FLUSHwW Z 27} 3% a1, ¢do]oJ X copy_to_cookedell 2|8l terminal®] secondary qu
—eue®] read queue® data7} FEH T} o]l read queuet flush(clear)¥ .

3) processel 93 read(fdbuf,........ ) system calle] 8% H, file operationd5-¢ tty_read’}
%] 17 line discipline®t=¢l read_chanel 23] secondary queue® u-&o] readd+9
bufell A AT o]lu] secondary queue? &L flush¥l ).

22 tty.col A tty_inite]l 93] 5%+ line discipline 459 TFAo|th read system
call8-2 A= terminal device?} openEle] S ojofet), terminalS opendlE tEF <l
processE T getty daemoneo] Y. gettys /etc/inittabu ol A defalut® 2712l 714 console

[e]

< open$tt},

static struct tty_ldisc tty_1disc_N_TTY = {

0, /% flags */
NULL, /% open %/
NULL, /% close */
read_chan, /% read */
write_chan, /% Write x/
NULL, /% joctl =/
normal_select, /% select */
copy_to_cooked /% handler =%/
¥
22

(void) tty_register_1disc(N_TTY, &tty_ldisc_N_TTY):

o s o] FojAut.
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o] 24 line discipline module®] Eol+= $X+v 218<124>7 79| process® device termi

-nalAlo] & o= 9t}

process (shell} process (ghell}
terminal terminal terminal
terminal terminal terminal
device driver device driver device driver
moden
1) 2)

<1912.4> line discipline €%

D 28E consoled 1s-232¢d &9 A$-= Vel
2 1382 modemS %5 Y8 hostz9 AAE ERATL
device drivert devicer}t} tE2 A 9k line discipline® Xt} high levele]l godA, A3 34

ol 238l (copy_to_cooked) BA device driver®}e] A4S A st

4) user processel 3 write(fdbuf....) system call® FHTOo TN pyfe] U-Ro] tty_write
= write_chanel €3 write queueel data7} A&H T}
5) write queueel data A&F, dolo] TTY _WRITE FLUSH7} 8% ™, write queue®] u-&9]

con_write, rs_write, pty_writes9 o] 93 terminal®] &H A X o] HHAT o]u] write

queue?] W& flush¥ v},



Y2 AQ gk yon =2 249

12.4  terminal device driver

terminal device®] Z} $tEof s8] 2 W A

static struct file_operations tty_fops = {
tty_lseek,
tty_read,
tty_write,
NULL,
tty_select,
tty_ioctl,
NULL,
tty_open,

~
3

tty_readdir %/

~
3

tty_mmap */

tty_release

m

o] FtxAE /drivers/char/tty_io.c o WAIE ] 9o terminals AsteE T
Ak & device drivergd wHEHZIAIZ WA tty_open, tty_read, tty_writeZ5*
/dev/tty, /dev/pty, /dev/cuas S W3O 2 terminalS Aok}

B o] FofA

& Ag ol

MH 1l

1241 tty_open &

1) device file2 open@w flag= A O_NOCTTYZE setF=AZ checkert}.
O_NOCTTYE opens &# £ processell W&l deviceE controlling terminal® €332 @

L

Zlolt}, controlling terminal®] & process”?} foregroundol W, device7} @A terminals A

olgs ofu| g}
2) /dev/tty e} /dev/console

@ major numberZ} 5, minor numbor7} 0 ¢ A /dev/ttyE 71271t}
OE ttyd o]E2 717 device fileS2 EF major numbor?} 4oy o] filewt 50t} o] 7
739 majorE 4%, minore @A process’t 7}AE controlling terminale] H T}, /dev/tty =
2o HFEYEHE redirectshe Aol FHRC] terminal#e] 4EH S 98w ALLE

9]t} 127

gt

[

al

127) Advanced Programming in the UNIX Environment-stevens 247 page
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@ major numbor”} 4, minor number”} 0°]# /dev/consoleS 7}Z 71t}
/dev/console2 714 console®] ¥ A controlling terminal®A], A52.2 O_NOCTTY flag”}
set¥ T,
@ /dev/ttyE opendt &7} controlling terminalS 7}A 22 YA 2 H opend A #H G
return -ENXIO;
@ deviceZ} PTY_MASTERS! 7% noctty=1.
® init_dev
~ tty_table %7] 3}
/* line disciplines */ (termios.h)
#define N_TTY 0
#define N_SLIP 1
#define N_MOUSE 2
#define N_PPP 3

EA terminale] th$t open¥= A S}
console : con_open
serial © rs_open

74} terminal : pty open

- tty_termios = 7]3}
IXON :
STOP=Ae} STARTEAE AloAEAZ A terminalel] 83w STOP=AZ vhi}
B &S TASL, STARTEAS wyd gA] 8o AlZd. o] bit7l set™ Al
orowl o] F EAE BEFEARE A8 (processing) .
OPOST
terminale] # @3] display® o] A £ write queue?] 2% A & (processing) $Ht}.

dZ o] '/n' carrage return® line feed® o] FojA &3 Wt} (opostdF) o] bi
-t7} set5E X o w  write queued W&o ItiE AT

- termios_locked 7|3}
24 vi_ioctl3Fel 98l lockedw] o] AR&H T},
©® AAHA open$tF T3
T8 A A AHA] E(signale] §low).

XENIX V o4 User's reference - Z3tA} 913page
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251
@ O_NOCTTY flag7} set¥ o] A @il session leaderd] 73-$-¢]9, controlling terminals &%
sk,
[H§£X40

A9l session leader® = login shello] {1t}

12.4.2 con_open ¥+ (console.c)

tty->write = con_write

tty->ioctl = vt_ioctl
12.4.3 copy_to_cooked ¥ (tty_io.c)

copy_to_cooked= 53 terminal device”} open’dEjo]ojof o] &7}

T #7153
+< TTY_READ_FLUSH W= &e] 93 Fq5E ol

void tty_read_flush(struct tty_struct * tty)

{

if ('tty |! EMPTY(&tty->read_q))
return;

if (set_bit(TTY_READ_BUSY, &tty->flags))
return;

ldiscs[tty->disc]. handler(tty); /% copy_to_cooked =/

if ('clear_bit(TTY_READ_BUSY, &tty->flags))
printk(“tty_read_flush: bit already cleared\n”);

}

AAZo) A tty7} open’d el 7} ol AW, read queue’t ¥l Q0 return$te}. copy_to_cookedE
line displine handler?] t}.

1) secondary queueel W -F7to] =4 check.

serial terminal® 7 -$-(rs_throttled F3), olql

=T T
Ao terminaldll A 4

£ 9Fo] SQ_THRESHOLD_LW(16)HX.t}
W75 A AA DY (struct termiosoll A input mode flagel IXOFF

secondary queuedl| datasx7|7]E E7] %4
break:
3) read queuegks YolEY

RS
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4) break® frame error,parity error’} WA= o] readg flags’t set¥ o] Ado+H errorEfFol whet
secondary queued] Eo7H= ghS A g

5) __DISABLED_CHAR == "\0/
ERASE("H),SUSP(Z) KILLCU)¢t Z2 HEFEATAA Hste EFeA4Y 715S AA
a2} g, termiosFFA Y c_cellell o] zke dr 98 AFESHU)

6) read queuecl ¢l zkS secondary queuee] EA}SHU

7) write queue”} Hl] A o TTY_WRITE_FLUSH.

8) terminalel X ¢ 71 &5 F3H3= process?} sleepdtal Y&, secondary queueo] Zko]l o]
A 2 processtT AolyA @715 &85,
read_chan, write_chan®t55uU9 L2 3o & wait queued] ¢7], 27153 process’}
queue¥ T,

add_wait_queue(&secondary. proc_list, &wait):
9) read queue® Ml F7lo] SQ_THRESHOLD HW(768)H.t} =# serial lineclA data¥t7]=
£ 35k}, (request to send)1289

1244 tty_read ¥

read_chandg 3=,

12.45 read_chan &<

1) @A process”} é,\—%ﬂ 9= group®| controlling terminalel] 43A S A$E JE4.
. backgroundel] 9+ process7} terminalel A €71 29 S Al E3}H backgroundd] EE job
(process)E o7l SIGTTIN signal® BEulAl Fvl oA defaultd #+= background? =&

jobES FAA I = ol

N e

& orphaned process group Ol O 3l.

B process?t 2 A4 processE orphaned process# $to}. ©HE groupel HE process
E Fu9E processe group leadertbe] k(28 <125>9 process A) ©] group leader
7} 259 9S 79, 1 groupd orphaned process group®] HU. group leaderd H R

process7t FRH IS AL vt A oY
kA o 2 o] H ¢t groupe session leader(shell)7} £ & (logout)¥ H A A=, oW bhac

=0

~kgrounde] % child processE2 orphaned process groupel £3A ¥ t}129)

128) terminalofA] datag Hulgl= 2135,
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29 <125>E session# groupg] dAwHESl oY, shellel M forkexec® M2 1F GID
510¢] process AE $E=v. 18 1 process A= process BE, BE C, D EE AdH== Yol

5 5102 o] &t

session leader
ac  exec feiin)

fork.exec ax
init I getty I I login | Ishell | PID 450 240
pid 1 I

PID 510

PID 50% GID
510

SESSION 450

<"8125> HE processe A2 processe] #A

22  perp’l orphaned process group® A& #Hsl= ot}
int is_orphaned_pgrp(int pgrp)
{
struct task_struct =p:
for_each_task(p) {
if ((p~>pgrp !'= porp) || @
(p->state == TASK_ZOMBIE) !| @
(p->p_pptr->pid == 1)) €)
continue;
if ((p->p_pptr->pgrp != pgrp) 8&& @
(p->p_pptr->session == p->session)) ®
return O’ /% Not orphaned */
}
129) GNU C Library Referance Manual®] terminal & F-& 2%,
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A 12 % "grjd A 2H)

2) kernel¢] user processe] Al %+

return(l); /% orphaned group, (sighing) "Often!” x/

27 DL & groupol &% processt thito] ofy 7] wwel, 28l 21 2,02 A ar
—oup® %£3A ¥ B2 process”} init daemon®l ZA-$-olE R Tz ACA ALHAY. A @,
®+ POSIX.1elA A7 % orphaned process group® Ao#ta B4 9lt}.130
Z  orphaned process group’} A &3 W XX process’t 22 sessione] YLowA 4E
group®l £38lE ¢ dAFs= A2 process?t groupe] el glojof sk} 13D

I8<125>5 ®A GID 510 groupe ¥ A orphand process groupe] oFutk. 2@y} shell
o]t process A7} ZE&RFHY 99 zglE AR aw, group ID 5109 processEZ o
A BE process7t HE IFel &3tE AL TASHA FEU B R processE 92 process
o] ARE BRE processE init daemone] FH(EA 3#FF). AxAdow GID 510 groups
orphand process group¢] ¥t}

session leader’} £ &9 SIGHUP signal®}t SIGCONT signale] child processEolA A&
= SIGHUP signal2 default® childE2 Z&A]7]A % childE handlere] €3] signalS A
gl g5 . SIGCONT signal® X process’} £5E FA] stopElQl child process”t 9
OH A& FRHES e 8-S g
orphand groupe terminal® W3lg = . B2 process’t £H5E FA] shellel] o1& forg
—-roundg 2. 22, W& childEe oA3E backgroundel A gt FHES 9lSio|r)h 132 whoF

orphand group®| terminalel A ¢1-&# 12 st EIO7} error”} return¥® .

Sk
T
T A~
T

Hol| dulvkE 9 datas RuUE71sE AF ok
kernel®] terminal¥}9] datadZ8 2 A st= HHel 9o canonical mode(cooked)$t noncan
-onical mode(raw)® W@t} o] AL termios struct?] cflagghe! ICANONe| ol & AAFH .
canonical®] A-$¢E EFEAE UEF 9019, kernelo] lined Y2 datas ¢l &) A ¥ nonc
—anonical2 kernelo] read system callel 93] $HHol]l dufubdE o] oS glojof X E uz
AR Fojof st} SHHo| lbyteH S oS5 7-¢ system calle] oJHH =35 oo}
2 g&HolA X3 systemd 25 "ol A Hu A FHa HbyteE: JadF

read system call®] process® return$ttbc A, €A 7| 7H5SE read calllfelAs ¢7] loopE A

130) Br} 23] wWsld orphaned process groupe| ofu]r] $|3F ZZAo|t}.

131

132) Advanced programming in the UNIX Environment  256page %t

) Advanced programming in the UNIX Environment 256page %t
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=% 2 Ak
o

tty.he] o fEolrt.

#define TIME_CHAR(tty) ((tty)->termios->c_cc[VTIME])
#define MIN_CHAR(tty) ((tty)->termios->c_cc[VMINI)

c_cc[VTIME]®] A7bH9]+= 01 Folu)

o] & mEo|A minimumI} current->timeoute] FFESul7FA] loopdHS &gl Th

3) @A process(terminalel A €715 R EFE wait queued] FLZH copy_to_cooked g
(] A&gs] @dH wake_upEol 93 process7t sleepFEiolt Bt e Ao ESs A}

add_wait_queue(&secondary. proc_list,&wait):

4) input_available_p¥tel 23 queuedel o]%715 data’t JEA checkstr},
current->state = TASK_INTERRUPTIBLE;
olgdA o wM o &rys data’l §12.H keyboard interruptE Wro} datao]&o] a7t
A scheduling ¥ looping(continue)S 3+t}.
o] &715 data’} JhH Al TASK_RUNNINGZ B} = u}2U},

—

5) secondary queueolA] dataZ® ¢ o] dt.
6) golH dataE user buffere] +=ut.

7) 971AGe] BYom T wait queued A & processE A 7 g}

1246 tty_write St

1) ioctl system call = vt_ioctl(tty, TIOCCONS............ Joll 98l &35 AA A=A check.

2) write_chan 3.

12.47 write_chan &<

133) Advanced programming in the UNIX Environment 352page 3%,
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1) backgroundel] Q2B A terminalel]l £3& &3 ] backgroundel & processE2 SIG
-TTOUE 27 ¥ t}.(check_change)
P lflage] TOSTOP :
backgroundel A &8st &u, SIGTTOUE H Wt}
2) wait queuee] @A processE queuedtt.
add_wait_queue(&tty->write_q,proc_list,&wait);
3) line®] hangupd &l (Z 1 F)A A check.(tty_hung_up_p)
lineo] ZoA AeolA write®® 32 319, 1/O error.
4) bufe J-E&& write queuee] &7,
5 TTY_WRITE_FLUSH
con_write, rs_write, pty_writeS 9] terminalel @& Z23571 F=3hH ).

6) wait queueel A @A process A A.

12.5 console driver

12.5.1 con_init ¥

1) setup.SellA & 53+ screend HE get.

2) blank timer set.
3}Ho] blank S oA &= Al7Fo. 2 A, %72 & 6002 (second)
int blanKinterval = 10*60*HZ (console.c)

3) graphic cardel W& vedioHT3E A7,
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207

VGA=]

=11 O
Oi_l_,

can_do_color =1

O0xb8000 (map A|Zf)
Oxc0000 (map =

(3tHEEZ 2ol memory map Bl £&)

video_mem_base

video_mem_term

video_port_reg = 0x3d4 (screen start)
video_port_val = 0x3d5 ( “ )
video_type = VIDEO_TYPE_EGAC
video_mem_term = Oxc0000
display_desc = "EGA+”

4) 7} consolez 7] 3}

o 71 A pos, origin, video_mem_start=< t}

1

o

ko

| A9HEE 7195 A# . (console.c)

#define origin
#define pos
#define video mem_start

#define video _mem_ end

(
(
(
(

vc_cons[currcons]. vc_origin)
ve_cons[currcons]. ve_pos)
vc_cons[currcons]. ve_video _mem start)

ve_cons[currcons]. ve_video_mem_end)

Z, 3¢ console?] pos, origin, video_mem_start’} Hth= 7l o]t}

@ 7+ 7} console® kmem_startol] 41 3B screen huffers-S g3 sho},

screen size

lememm_start (hase)

con @ | con 1 | con 2 | """"

ke start A

<3212.6> console screen 3%+ w2y e

o] 7} console’dol A process7} &3 o| glo® ¢ 3| console memeory

of &

Heo

@ - console ¥3 modet KT _TEXT.

¢ ¥ modeell= graphic mode®} text mode 7147} Ju},

key
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cursors setdst 59 kerneldl ¥ 22 text modeol| A ¥ 71531t}

#define KD_TEXT 0x00
#define KD_GRAPHICS 0x01

terminal switching mode”} VT_AUTO.

#define VT_AUTO 0x00 /% auto vt switching %/
#define VT_PROCESS 0x01 /% process controls switching %/
#define VT_ACKACQ 0x02 /% acknowledge switch */

AUTO modedl = Alt-Function keyel 93] F%71 console switchingo] ©¢] 5o 2t}
PROCESS moded] A& #1347 H(old) 7} consoled] forground process®t HF-ZE #E(new
) 7} console® forground processel 3] 3 wholol k).

Z  okE console? forground proces®©] controlling terminalS releasedlt Att= 2o
Hodt afA oF&E¥ signalg forground processEelA BuUl®, 8] 3 process’}
VT_RELDISP ioctlel]l 93] SwaA =a,m 2k $7A43 console switchingo] o] #o] =
]‘4—}34)

change_console®&=(tty_io.c)E Z3}7] v, 7 oA PROCESS mode®l 73-$, old

console® forground®} new console® forground process’t Z+ZF check® t}.

3) cook mode”} defaultd]S ™ A].

Not raw mode (clr_khd)

#define decarm VC_REPEAT
#define decckm VC_CKMODE
#define kbdapplic VC_APPLIC
#define kbdraw VC_RAW
#define 1nm VC_CRLF

4) reset terminal

o

=8

terminal £4& %7]3}

134) I have not enough information about T ACKAQA
©kx], PROCESS MODEZ} o} 7-$-, process?] RELDISP ioctlz}2] ti3}E 93l 2= FHolzl 5
HHEck 3w, processolAl EW signalo] thal F2ZA FFFHolgl= SHE ¥ZlolH

console switchingo] £3% Zlojt}. (return 0) vt _ioctl¥rf 23,
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5) 27] consoleZ $1%F currons® fg_consolee] 0(Not 1)135)91L- 7] o] 54},

#2F memory ¥ A (pos® =gk A 4.
50] VGA card®] 739, video_mem_base(0xB8000) | 4 screen sizeZ 7|92
= o

£ ¢+ memory F7ro|t}. terminalE 8 &= 9 console®] posH Al gk

6) terminalZ ¥
Yo ME F

=

32 o

screen display
= Eﬂ o]—]q—

%7] console®] post video_mem_start = video_mem_baseo]th. wEA, posell gk &
terminal displays}# o] @A ol Z8o] Hu}

7) update_screen
currons = fg_console = 0 o] 2 A7|ME I return.
T3 user’} console switchingS #39H, change_console$t7} 8 =4, o wel #73
S v HelA AHrz.

8) register_console
console_print¥#he 45 HEH S Y3 FE5
printk8 7 =3 E W write queueel data’l FH A= 31, o] & datat console_printdel <
3] terminalell display¥ t}.
T A console_print7} SE5 7179 X Z7A E(HE A ZRH) pr1ntk7} FdEHE, 5 queu
—eol AAjE o] JYuirt, FHH AFol A AAR AEo] FHAAHe| YA,
o] Fofl& AAA LT F¥o| o] Fofxin},

12.5.2 change_console &4~

1) PROCESS mode?l #] &3}, 1808 A A(old) forground process signalS WU 1L proces
-s7F G874 Jlvdy, @
consoleS T3], vt_ioctlZF ) woko] 8852l forground process’} 2.9, X server’} 7%
Zo] ol dzlo gz AZE 2 Z console modeE KD_TEXTE 3}3l, complete_change_consoledt
F7b FyEH
AUTO moded 739 old forground process’} GRAPHIC mode¢]® X server’} 7| 5% <A
O 2 Ho|E & console switching®] o] FoA A &et}. TEXT modeo]H complete_change

consoles 3T}

o] 29 return.(process= signals %O  complete_change_

135) %7] console device file /dev/ttyle] tl.
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2) update_screen®] =3},
complete_chang_console3tol A= A Z&(new) console®] forground process= check$tt}.
Yow gol - FH console modeE TEXT mode® $Ht},
PROCESS modeol A+ GRAPHIC modeclA TEXT mode®$%] console switchinge] US4
St olwlE unblank_screene] = E T 1 vkl 739 blank_screeno] AT (TEXT
= GRAPHIC)

3) update_screen

Ae BEEYS FA o= 0xB8000 console 09] origine] ¢z & Yt

| con @ con 1 con 2 | e con Y
ongin oHgin ongin orgin kmem_start
of consale 1 of consale 2 of consale 3 of consale 7
OzEZ000
dizplay huffer
ongin
of consale 0

<1812.6> display buffer 7] 4

posghe v Aol 93] originel & AAH ).

pos = origin + ywvideo_size_row + (x<<1)

m]

l.

b OX|E &=2 HZE lbyte EHE QoiAE SME Z ol 2HI0|E 20|
E 70822 1byteE 0| pos= 2byte’} O|=STHCE.

A posell g A dow slwHe| £Fo| Ht} o] o] console switchinge] A7, T
console?] origine 0xB8000 7I27]31, UWAE9 origine TH<U27>e1A4 A419 screen
bufferl A S 727112 Jd. T8HA forground’} oldulE o] 3te] 3L Ftuirl, AAlo]
forground”} = ® A o]32e] -2& 0xBR000o| E-A}S}ir, origin® 0xB8000E &ol7k},

@ get_scrmem
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0xB8000¢] 8-S 7129 (old) console screen bufel E-A}sto] 17} background® AL
P4 g 5= g} olu] 19 origing #4192 console screen buffer® 7}27 A Hul
o] console?] origine] w&t A XA H .
@ set_scrmem
new console®] screen buffert]-2& 0xB8000¢] E-AFSFaL 19 origing 0xBI0007F HE=E

sy

console switching
| 1

con @ con 1 | con 2 | rerreeree con 7
origin ongin ongin OHgIn krmem_start
of ronsale 0 of console 1 of console 3 of console 7
DxBR000
dizplay huffer|
copy

origin
of conscle 2

<1812.7> console switching% display buffer

@ set_origin
o] Al 0xB8000L display buffer’} ==& A XA gkt

=t portell CH°HME..

3d4h index Ch (r/W): CRTC: Start Address High Register
bit 0-7 Upper 8 bits of the start address of the display buffer

3d4h index Dh (r/W): CRTC: Start Address Low Register
bit 0-7 Lower 8 bits of the start address of the display buffer

3d4h index Eh (r/W): CRTC: Cursor Location High Register
bit 0-7 Upper 8 bits of the address of the cursor

3d4h index Fh (r/W): CRTC: Cursor Location Low Register
bit 0-7 Lower 8 bits of the address of the cursor

@ set_cursor
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display bufferel copy¥ Y= A cursor: ztv =Eu o] HX & posel 93 2AH
o

R

4) AA19) console®] 71E8H71E 71T 8l 9 processE A},

o] 8t processES VIT_WAITACTIVE ioctlel 93] FHol| Eof 7k},

L dEYe Folo] 93 vl E=A (redirect) FE85 9t}

TTY_READ_FLUSH(TTY_TABLE[O0])

/% do_Keyboard_interrupt 4 x/
TTY_WRITE_FLUSH(TTY_TABLELO])

=

o] 5 TTY_TABLEI[O]7} fg_consolee] &3% v},
O A fg_consolezhd] W3lE (Ao g7 ¢

HE

i)
o
rE
b
>,
N
v

12.5.3 con_write &<

1) write queue® -] ESnormal(default by reset_terminal in coninit¥<~

)olal, &8 715 asce
—iiwAel® A consoled] 73Sk},

pos = (attr << 8) + ¢;

P console.c| UEZ0| A console?| cursor{A| AHQ|

(ve_consl[currcons]. ve_pos)

#define pos

2) 18 % ¢k datage] s A E translation[]136) vl el wlal A&

3) settermol &= FEBEE AE5H terminal Aol Eg Ut o S S

=

# setterm -inversescreen on

[e]

hs

consolet#l o] WA A3 FAA o] WA o] e @t

136) o] keyzt WTEEo] ThF FRE 7}x

kd
2
)
o

oy},
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o] A1 setterm ZEWS] T3 Fiol o3 o] Foixn
#define ESC "\033"

if (opt_inversescreen) {
if (vcterm) /% 0] M2 consolel|AM{Bt SAISICE =/
if (opt_invsc_on)
printf("\033[?5h"); /x HIX =/
else
printf("\033[?51"); /x HHoHOIZ 27 =/

“033"& ESCEAOITHIN @2 #74e] LAAL print3o.2x o] Aojr} ool A
o 4

con_writex printfgrol 93] TEHT 11 set_mode()FT7} AT

case ESgotpars:
state = ESnormal;
switch(c) { /x 2A[EQ| Ofx[2 2R} =/
case 'h':
set_mode(currcons, 1)
continue;
case '1":
set_mode(currcons, 0):
continue;

case 'n’:

1254 libraryol A ¢ getchar &

user programel A getchar()¢o] F &= S w] libcl3®ol A F2stE IS 2B A getchar()
< libio/stdio/getchar.cel 2 = ogltt

) DOS ANSI(American National Standards Institute)S A}83] & x}ghE o] Exlgo] yWidz|
G Aolt), FARLUAR £ ST codeoh SNt A2E el A2 24 gl
138) libc version 4.5.212] Z-$-o]t}.

137
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int getchar ()

{ return _IO_getc (stdin);}

1) libio.hel A

#define _IO_getc(_fp) \

((_fp)->_I0_read_ptr >= (_fp)->_I0_read_end \
&% __underflow(_fp) == EOF ? EOF \
: #(unsigned charx)(_fp)->_I0_read_ptr++)

2) 22 libio/stdfiles.c®] FEZo]A] standard input,outputerror = A sl= FHE o},

#define FILEBUF_LITERAL(CHAIN, FLAGS, FD) \
{ _IO_MAGIC+_IO_LINKED+_IO_IS_FILEBUF+FLAGS, \
0,0 0, 0,0, 0,0,0, 0,0, 0, 0O, CHAIN, & IO file jumps, FD}

#define DEF_STDFILE(NAME, FD, CHAIN, FLAGS) \
struct _IO_FILE plus NAME = {FILEBUF_LITERAL(CHAIN, FLAGS, FD), 0}

DEF_STDFILE(_IO_stdin_, O, O, _IO_NO_WRITES):

DEF_STDFILE(_IO_stdout_, 1, &_IO_stdin_._file, _IO_NO_READS):;

DEF_STDFILE(_IO_stderr_, 2, & _IO_stdout_._file,
_IO_NO_READS+_IO_UNBUFFERED) ;

3) read_ptr@l write_ptro] 098 <4 9t

underflow(getops.c)= I10_file_underflow(fileops.c), 10_file read(fileops.c)E& ZZ3& 1 w}H )

read system call® $.Z&3%tc}t. 1w system call parameter®! buf pointeres HBFEZ _10_read_ptr

S 7FE
A, _10_getc(stdin) W == 1] 9]

%(unsigned char*)(_fp)->_I0_read_ptr++

of ofsl g LAE goEsdn

= ga N
FE£9] symbolE°] '_I0_'7} &

o
%4
>
X0,
o
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#define stdin _IO_stdin

W
ol

struct _IO0_jump_t _IO_file_jumps

TEAE FESAL

struct _IO_FILE {
int _flags: /% High-order word is _IO_MAGIC: rest is flags. */
#define _I0_file_flags _flags

/% The following pointers correspond to the C++ streambuf protocol. =/
charx _I0 read ptr. /% Current read pointer %/

char* _IO_read_end: /% End of get area. %/

char* _IO_read_base; /% Start of putback+get area. %/

char* _IO_write_base; /% Start of put area. %/

char* _IO_write_ptr; /% Current put pointer. %/

char* _IO_write_end; /% End of put area. %/

char* _I0_buf_base; /% Start of reserve area. */

char* _I0_buf_end: /% End of reserve area. */

/% The following fields are used to support backing up and undo. */
char *_I0O_save_base; /% Pointer to start of non-current get area. */
char *_I0_backup_base; /% Pointer to first valid character of backup area */

char *_I0O_save_end; /% Pointer to end of non-current get area. %/
/% These names are temporary aliases. TODO */
#define _other_gbase _IO_save_base
#define _aux_limit _IO_bacKkup_base
#define _other_egptr _IO_save_end
struct _IO_marKer *_marKers;
struct _IO_FILE *_chain;
Struct _I0 jump_t *_jumps. /% Jump table %/
int _fileno;
int _blKsize:

_I0_off_t _offset;

#define __HAVE_COLUMN /* temporary %/
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/% l+column number of pbase():; O is unknown. */
unsigned short _cur_column;

char _unused;

char _shortbufl[1]:

/% char* _save_gptr; char* _save_egptr: %/

struct _IO_FILE_plus {

_IO_FILE _file:
__const void *_vtable:

extern struct _IO_FILE_plus _IO_stdin_, _IO_stdout_,

#define _IO_stdin (&_IO_stdin_._file)
#define _IO_stdout (&_IO_stdout_._file)
#define _IO_stderr (&_IO_stderr_._file)

struct _IO_jump_t {
_I0_overflow_t __overflow;
_I0_underflow_t __underflow:;
_IO_xsputn_t __xsputn;
_IO_xsgetn_t __xsgetn:

_I0_read_t __read;
_IO_write_t __write;
_I0_doallocate_t __doallocate;
_IO_pbackfail_t __pbackfail:
_IO_setbuf_t __setbuf:
_IO_sync_t __sync;
_I0_finish t __finish;
_I0_close_t __close;
_I0_stat_t __stat;
_I0_seek_t __seek;
_I0_seekoff_t __seekoff;
_IO_seekpos_t __seekpos:

#if O
get_column;
set_column;

_IO_stderr_;
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#endif

struct _IO_jump_t _IO_file_jumps = {
_I0_file_overflow,
_I0_file underflow,
_I0_file_xsputn,
_I0_default_xsgetn,
_I0 file read,
_I0_file_write,
_I0_file_doallocate,
_I0_default_pbackfail,
_I0_file_setbuf,
_I0_file_sync,
_I0_file_finish,
_I0_file_close,
_I0_file_stat,
_I0_file_seeKk,
_I0_file_seekoff,
_I0_default_seekpos,

12.6 serial line &7]3}

—\11

B Fo] RS-232CeF ## ¥ terminal®] Z7]38le rs_init$hel 9 & o] Fof 7,
HE2 A2 UARTEE chipS %3] 715 ¢Hdl, UART chipells &3] ¢#13 8250 9] el %=, 16540,
16550, 16550A =9] At} rs_init2 PC7} A&3d= UART chipS #9ls$tt}. rs_table(serial.c)&
AFEEAL 9 portet RQE tha3k o] AFsho},

1

struct async_struct rs_table[] = {

/% UART CLK  PORT IRQ FLAGS */

{ BASE_BAUD, Ox3F8, 4, STD_COM_FLAGS 1}, /% ttySO =/
{ BASE_BAUD, Ox2F8, 3, STD_COM_FLAGS 1}, /% ttySl */
{ BASE_BAUD, Ox3E8, 4, STD_COM_FLAGS 1}, /% ttyS2 */
{ BASE_BAUD, Ox2E8, 3, STD_COM4_FLAGS }, /% ttyS3 */

modeme]Y RS-232C card® £3] data® 3= BuUAY, ol o+ datas 2o 3

F & interrupt handler(rs_interrupt3<)E terminals 7|EFSlE rs_openStgeo] 93] setH Ul
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port® &8-S BUE rs_writes AAA memoryE £8HE BuUE con_writet Bl w¥ o}
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Alad Ae

13.1 signal &A

processoll 7] signal2 RATE 22 v 7hget Axle] 98] o] FoiF . thg HE(kernel
Jexit.c) & HAL

int send_sig(unsigned long sig, struct task_struct * p,int priv)

/% Actually generate the signal %/
generate(sig,p);

generate®r+ processelZl signal® R+ I&L =], o)7L @A task->signalel 312

singal bitE set3l& Aol 93l o] Fo] %It}

static int generate(unsigned long sig, struct task_struct * p)
{
unsigned long mask = 1 << (sig-1);
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p->signal = mask’

—

£ signals blockAl 7]E 718 task->blocked bitmap o &3] o] FojZt}

13.2 core. file

SIGIOT, SIGFPE, SIGSEGV signalel 23 process7t $& 2 73-%, kernel2 process® images
A A diretoryell core®= o1& 9] file® Holiet. o] core file2 tlH22 Unix debugger(e]Z
E0] gdbg)eoll 93 process7t & HEuwe FElE debuggingshedl AREE Y139 process<
imageE &3] core image BiL 3|, o] A2 %7] memory”} magnetic core memoryo] g &
Aol A B dvhar oy 140

case SIGIOT: case SIGFPE: case SIGSEGV:
if (core_dump(signr,regs)) /* fs/exec.c */
signr 1= 0x80;
/% fall through %/

SIGIOT signal hardware errorel] &3t 73-¢-o]t}.

signr< parent processel Al A d¥ o}

core file®] F+x& 29<13.1>7 7o)

4K (page size)
DATA STACK struct
of process of process task
struct user

<719 131> core. file 7%

139) Advanced Programming in the Unix Environment 265 page
140) OPERATION SYSTEMS DESIGN AND IMPLEMENTATION - ANDREW S. TANENBAUM 1.3.1 Processes
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core file®] 3t (header)el 3]2st= user+ %A (include/linux/userh)s o239 72t}

struct user({

/% We start with the registers, to mimic the way that "memory” is returned

from the ptrace(3,...) function. =/
struct pt_regs regs: /% Where the registers are actually stored %/
/% ptrace does not yet supply these. Someday.... %/
int u_fpvalid: /% True if math co-processor being used. */
/% for this mess. Not yet used. */
struct user_i387_struct i387; /% Math Co-processor registers. %/
/% The rest of this junk is to help gdb figure out what goes where %/
unsigned long int u_tsize: /% Text segment size (pages). =/
unsigned long int u_dsize: /% Data segment size (pages). =/
unsigned long int u_ssize: /% Stack segment size (pages). =/
unsigned long start_code: /% Starting virtual address of text. %/
unsigned long start_stack: /% Starting virtual address of stack area.

This is actually the bottom of the stack,
the top of the stack is always found in the
esp register. =/

long int signal: /% Signal that caused the core dump. */

int reserved: /% No longer used %/

struct pt_regs * u_arO; /% Used by gdb to help find the values for %/
/% the registers. %/

struct user_i387_struct* u_fpstate: /% Math Co-processor pointer. =%/

unsigned long magic: /% To uniquely identify a core file %/

char u_comm[32]: /% User command that was responsible */

int u_debugregl[81]:
Y
header °]%-o= £& ¥ process® data®d 9, stack®d ¥, taskH K7} Adl & o7+
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Al DLLe A4

A& (binary)o] AB2ddu libraryE linkAl 7] & WHele A Ay 2 Aol vk
ﬂﬁoihﬂﬂﬂﬂ%%%%mmwﬂﬂﬂlhwyiEﬂﬁmwwﬂEﬂQ% AL 9y F
o2 link® 79 binaryelE library X7} E3E o] @A AT binary7} 2382w library

27} userﬂﬂl?iﬂ F7to 2 load® . o8 A SO ZHW binaryE7|E FASA 47 A
FA2 0% link¥ oA+ libraryE %ﬂhwyEtllummmmﬂthwlmmwﬂﬂﬂ
2. gsLole U ZS Ff lbrary7l o™ o] 52 gsi A|AES Jibel A,

Here are the locations of currently registered DLL libraries for Linux.

libc. so tex-11.mit. edu: /pub/linux/packages/GCC/image—4.5.26. tar.gz
libm. so included in above tar.gz file.

1ibX11. so tsx-11.mit. edu:pub/linux/packages/X11/XFree86-2.1/XF86-2. 1-1ib. tar.gz
1ibXt.so included in above tar.gz file.

1libXaw. so included in above tar.gz file.

librl.so sunsite.unc. edu:/pub/Linux/1ibs/1ibrl-1.2. tar.gz

libgr.so sunsite.unc. edu:/pub/Linux/libs/graphics/libgr-1.3. tar.gz
1libf2c. so sunsite.unc. edu:/pub/Linux/devel/fortran/1ibf2c-0.9.2. tar. gz
1ibF77. so use libf2c.so shown above instead.

1ibI77.s0 use libf2c.so shown above instead.

1ibXpm. so sunsite.unc. edu:/pub/Linux/1ibs/X/1ibXpm-3. 4a. tar.gz

libnsl. so ftp. lysator. liu. se:/pub/N¥S/nys-0.xx. tar.gz (frequent updates)



Y92 Ad gALHo = 712 213

1libolgx. so sunsite.unc. edu:/pub/Linux/libs/xview3L5.1. tar.gz

libxview. so included in above tar.gz file.

libsspkg. so included in above tar.gz file.

1ibUIT. so included in above tar.gz file.

1ibPEX. so tsx-11.mit. edu:pub/linux/packages/X11/XFree86-2.1/XF86-2. 1-pex. tar.gz
libtcl. so sunsite.unc. edu: /pub/Linux/devel/tcl/*

1libtk. so various related tcl/tk stuff included in above tar.gz files.
1libWc. so Unknown

1ibXp. so Unknown

1ibIV.so sunsite.unc. edu:/pub/Linux/X11/devel/iv-3.11.2. tar.gz

libUnidraw. so included in above .tgz files.

1ibXm. so The Motif library is *not%* free. See note below.

libsrgp. so sunsite.unc. edu:/pub/Linux/X11/devel/suit. tpz

libsuit. so included in above tpz file. (reported not shared)

1ibO0I. s0 tsx-11.mit. edu: /pub/linux/packages/0I1/0i40. tar

1ib0Irg. so included in above tar file.

1libld. so tsx-11.mit. edu: /pub/linux/packages/GCC/1d. so-1.4.3. tar. gz

(required for libc 4.4.4 and above.)

libarma. so ftp. atnf. csiro. au: /pub/Karma

libkarmaX11l.so see above site

libkarmaXt. so see above site

libkarmagraphics. so see above site

libkarmawidgets. so see above site

libkarmaxview. so see above site

libwxwin. so sunsite.unc. edu:/pub/Linux/X11/devel /wxWin_linux. tgz

libandrew. so sunsite.unc. edu: /pub/Linux/X11/andrew/andrewbl. prog. tar.gz
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1ibUil. so Commercial library.

1ibBLT. so sunsite.unc. edu:/pub/Linux/devel/tcl/bltl. 6-bin. tar.gz
libvga. so sunsite.unc. edu:/pub/Linux/1libs/graphics/svgaliblll. tgz
libitcl. so sunsite.unc. edu:/pub/Linux/devel/tcl/itcll. 3-bin. tar.z
Note 1:-

Drop in DLL libraries for Xaw to get a 3d effect (1ibXaw3d-0.6) and a Mac(TM)

like scroll bar on Xaw clients are available respectively at

sunsite. unc. edu:/pub/Linux/1ibs/Xaw3d-0.6B.3.1.1.bin. tar.gz

and

sunsgite. unc. edu:/pub/Linux/1ibs/1ibXaw. Scrollbar. taz

T library8 2 name.so.major.minorst 2

o] & F3&l™, soE shared object= ¢ v g},

- library®} binary9 A& ZH<ALI>T 2,

call func3

elA HTRAlY

131 9=t major.monors librayel ®A

i

Binary

IH<AL>

T libraryE AF28E binaryE SRl uselib system call

uselib() spstem call funcl

3 jump tahle — func2

1 func3

ol func4
user program

DLL

i
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m s

startup ZE9} jump tableE 7}A 31 Yt} binary7t 82w uselib system call® DLL-S user
AEF AsA 2o mappingAl ZWH( THCA2> #F3 ) kernel? sys_uselib(xlibrary) ol 4]
library parameterel]£ library® pointer’} A& ¥ o},
jump table2 W53 22 FEHZ 5o o
func3 :
jmp DLLLHS| S pointer
func 4 :

user program(binary)ell startup TE$} jump table2 XA F]E &L mkstubs F-H & g o
93], DLLWS] 7]Ale] ZE+ mkimage 22 ol 93] o] FZIt} olE fFEEEEL DLLS
AR E EFE2A internetS Z3] +TF Atk

tsx—11.mit.edu:/pub/linux/packages/GCC/src/tools-2.11 tar.gz

o] @7 Aol E£3H #A]el READMEpsE AAZ DLLE AAAIE o= Bt

Oxa0500000 — — DxE0800000

kernel space | lipear space

hinary
mapping

l DISK

libgr

IH<CA2>

graphic## 3§ library¢! libgr 0x60500000] A 0x605fffff7} A o] mapping®] Hu}. o] &=
T T librarys ©E 3 libraryst HA2A =5 AR F2Hkel] mappingHth. o] A
z71el FF library7} $rEA & A A=dl, A12549 3717 mkstubs®t mkimage®] 4
2 A4

o ro i

141) 27 librarySo| mapping®ls= F4 = DLL =13]7] A 2] REAME, psol] Lietelch
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A.2 ldconfig® 1d.so

DLL# ##¥ ®3o] F714 7} ldconfig? 1d.soo] th.

Idconfige /etc/rc & /ete/re.d/reSel A8k, AJA®le] RRI=w /lib & /usr/libdel A&
I libraryel W3l # 41 version® & linkA 7] J&E ). &, /lib directoryel EA3+= C
Libraryell ©idt &-§ library & 41 versiono] 45.21¢]&® L1 & link7} o] Fo] At}

# 1ln -sf libc.4.5.21 libc.4

Id.so= /lib =& /usr/libell A58, process® AL ¢ vlA| 9 object link# S $He}. g
E2d = AOQUT formate 7 FAFYAl -statice] B optionS FXA gow 37159 ¢
A %F binary7t WHEIA A =) wElA processBAA] F-F libraryE load3dt= 2o

, Ol ALS 1dso7t 3b Aot &, Ildsor ATGAddu AR & linkzdS, binary’l 3
A gdA 7= &S e Aold

al
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void add_timer(long jiffies, void (*fn)(void)) <kernel/sched.c>
jiffies(1/1002)THE9] A 7ko] BE5 ol kernelll ¢ fnE7 FF ),

struct buffer_head * bread(dev_t dev, int block, int size) <fs/buffer.c>
dev®l disk9] blockel A sizeTHE 92 S @2 buffers FH ST sizes d¥WrEom
block size?l 1024 byteo] t}.

returngt2 92 g2 @2 buffer pointero] th.

unsigned long bread_page(unsigned long address, dev_t dev, int bll, int size,
int prot)  <fs/buffer.c>

blOI~b[31¢] 7kl disk block(EF 1 pageel sIHEE ¢lo] A3E addressel =rh. o]
Sl puffer$t code pageE: F-FF AE= 7] 98] try_to_share buffersdt5(fs/
buffer.c)& A%t}
try_to_share_buffersi= prot7} read only8l 7A-$% 7153, check_aligned@5ol &3
disk block® bufferge] d&E= HAF £o] 9lom FAlol| 719 pageE o]Fo1A UvtHA,
buffer®] -2 addressel W= copydtA ki, o] buffer® Iz A28 O ZH page:E
Aokt

returnzte try_to_share_buffers7 A&#S 3¢+ AWNA buffer pointer. A PSS H-9&

address.

void brelse(struct buffer_head * buf) <fs/buffer.c>
stks]o] ¢lE hufferd]l bufE A A 71t}

static struct buffer_head * create_buffers(unsigned long page, unsigned long
size)  <fs/buffer.c>
get_free_page¥ol 98] 53t pageE size™7] 9] buffer® &gt}

returngt2 v A gho]l wkEo]F buffer pointers 7} 71 1},
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static int dir_namei(const char * pathname, int * namelen, const char **

name, struct inode * base, struct inode ** res_inode) <fs/namei.c>

pathnameol| A directory 8714 gt (file2 A £ ¢H) 2] inode pointerE res_inoded] % &# 4

83 fileo] E pointerE nameel| =8, fileo] 52| do]E namelene]| = E#Y. base

L

£ pathnameS 2ZH= directory® AFEHE Y. 13y pathname¢] root directory® X

s

ka3
hai

Sl o, & "/usr/sre/linux1_0" ¢F 2 2ol baset TFuUlelA root directory®

HE7 7] el o vz} givt

returng}o] OQol™ A

int follow_link(struct inode * dir, struct inode * inode, int flag, int mode, struct **

res_inode) <fs/namei.c>

inode’} W& fileo] symbolic link% o] £ A (target file®l#]) &elsta, T8 H source

file® inode pointerZ res_inodeel| = & @},

dir2 source file2 2+ directory® AFEHE T flag®t modets &2 source file2 7iH3}7]

&) AFgHEY. 28 source filet o] root directoryE X3 Yubd, Z"/usr/src

Ainux1_0" ¢} #ZE Aol#H dird 3ol A root directory® vFH 7] wlZel &v 7t ¢l

HA

=3
returng}o] OQol™ A

St ol A ext2_follow_link$H (fs/ext2/symlink.c) 7} ZZEF U,

struct buffer_head * getblk(dev_t dev, int block, int size) <fs/buffer.c>

devel disk® blockel &Z = o] Y+ buffers 8ttd. WA cacheel =% FHAZ glo
A 2& buffersS 93} disk blockel] sHFA ).

returngt< &2 buffer pointer

int getname(const char * filename, char **result) <fs/namei.c>
user space®] YE filenameo] = FALS Hkol kernel space® 7% A7 A4

9] pointerE result® =&

returngte] 0 o)W A

inline unsigned char get_fs_byte(const char * addr)
inline unsigned short get_fs_word(const unsigned short *addr)

inline unsigned long get_fs_long(const unsigned long *addr)
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<include/asm/segment.h>
user datad7FO.ZHE ¢lojEol7] 98] AREHT
addr2 A3 H A o1},

struct buffer_head * get_hash_tahle(dev_t dev, int block, int size) <fs/buffer.c>
cache(hash table)ol A dev$l disk®] blockel] &3 size 279 buffer blocke] Qo™ &
==

returngk-e cached] 2+ huffer pointer. pointer Zke] NULL ¢]® cachee] §lthE ¢#],

void * kmalloc(unsigned int len, int priority) <mm/kmalloc.c>
void * vmalloc(unsigned long size) <mm/vmalloc.c>
kmallocS Egv2g F7+S &3] 9409, vmalloce kerneld FWHA Z7+S a3

a7 918 Ao,

AA Ae 78 o2e|&#e & #ZAxdA.
returngte] 0o As AFold TFA A4 return.

int Inamei(const char * pathname, inode ** res_inode) <fs/namei.c>
namei*] 8 pathname? inodeZ 3] res_inodee] H=#t}. 78y}, symbloc link&¢
A o=t} 2 inodeE linkEelglo]l 14 Hw5E

returngtoe] 0ol AJF.

—

¢

int lookup(struct inode * dir,const char * name, int len, struct inode ** result)
<fs/namei.c>
dire] = directoryell A name?! file®™=+= sub-directoryE =t} 22 Z19] inode pointer
= resulte] =9 287 98] diskel A directory blocks ¢lo] &E¢lt}.
len& name?] Zo]ojt},
returngto] 0ol® 4

gl A ext2_lookupd - (fs/ext2/namei.c) 7} ZZ=H v},

int namei(const char * pathname, inode ** res_inode) <fs/namei.c>
pathname®] inodeE T3l res_inodee] =& &t} pathname®] root directory= ¥ 3
A gkow = "/usr/src/linux1_0" ¢F & 2]o] oy HA directoryel A fileS
=1} (current->pwd)

returng}o] OQol™ A
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init open_namei(const char * pathname, int flag, int mode, struct inode ** res_inode,
inode * base) <fs/namei.c>

open system call®] tFEELS A& Yt A T user7} ALR3E openddFodE flag

oA A xFol7l 2t} do_opendF(fs/openc)e]l EL F4S HA. openTTo flags

fentlhell e Q1T

* Note that while the flag value (low two bits) for sys_open means:
¥ 00 - read-only

¥ 01 - write-only

* 10 - read-write

3¢

11 - special

3¢

it is changed into

3¢

00 - no permissions needed

3¢

01 - read-permission

¥ 10 - write-permission

* 11 - read-write

* for the internal routines (ie open_namei()/follow_link() etc). 00 is
* used by symlinks.

®/

int permission(struct inode * inode, int mask) <fs/namei.c>
ol@ fileo] i3l ¢71/2:7)/5Ho] SA7bEl=AS el P},
=& mask® E°J7Fe gtEfshelH, ORZ o] 7Hsstt.

#define MAY_EXEC 1 : 538 37}
#define MAY_WRITE 2 : 27| 37}
#define MAY_READ 4 : ¢7] &7}

returngke] 1 o|¥ &7},
St ol A ext2_permission 3 (fs/ext2/acl.c) 7t ZE&F U},

int printk(const char * fmt, ...) <kernel/printk.c>
kernelell A #2238 8t4. user modecl A ¢ printfdFo] t]-2-3ko}.

returngt-& printy =2+ 9=
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o

void putname(char * name) <fs/namei.c>

names $8 %3 memoryE A

asmlinkage void schedule(void) <kernel/sched.c>
taskF o] Qojof sH=A F T, taskT Fo] o] Fo| A& ol 2 need_resched¥ 5

7} set¥ H, system callell &3] ==}

void show_buffers(void) <fs/buffer.c>
buffer®] el display.

int shrink_buffers(unsigned int priority)  <fs/buffer.c>
memory”Z} ZZEH QS buffer+E &9 pageE BRI priorityeE 0,1,2,35 vt €
T o Fr ASFE A QU o] Folzliy

2]
returng}o] lolw A As=H 0.

static int sync_buffers(dev_t dev, int wait) <fs/buffer.c>
dev?l diskel s|23t= bufferel] thsl synczgS ottt devgto] 0ol EE disk® buffer
= gdez g
waitgke] 091 9= sync®# = buffer’l lock’telo]™ v} 2 return$td
a8 1 o]9H locke] EEuj7hA] 71HEAF synczHS A7

static inline unsigned long try_to_share_buffers(unsigned long address, dev_t dev, int *b,
int size) <fs/buffer.c>
bread_page(fs/buffer.c) & Zir3}g},

void * vmalloc(unsigned long size) <mm/vmalloc.c>

EA9] kmalloc 23,

void wait_on_buffer(strut buffer_head * bh) <fs/buffer.c>
bhgl bufferel] tf3l] lockel A AA A, Aegded Zdu7ztx 7|gdd ALAES

AR, Vgl Edo 2 A5 H schedulingS ¢
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16540 chip 267
16550 chip 267
16550A chip 267
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8042 chip 232
8250 chip 267
8254 timer 69

(4)

ABI 51
AC bit 41
AC flag 59

(B)

BASH 94

BIOS 55

BRKINT 232, 241
BS 155

BSD 70

BSS 41
BogoMips 75

(c

CMOS RAM 71

COFF 51

CPL 174

CPUID 42

CR3 167
Copy-On-Write 174

(D)

DC_MAGIC 30
DEVICE_INTR 63
DFCMD_OFF 29
DMA 81

DOUBLE FAULT 57
DO_ERROR 60

DR6 154

DR7 154

DSC_OFF 28
DSC_OFF2 29
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EISA 53

ELF 51

EM bit 82

ESnormal 262
EXT2_BAD_INO 119
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FSF 2

(G)

GDT 47
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GFP_BUFFER 162
GFP_KERNEL 162
GFP_USER 162
GPL 2

(H)

HZ 69
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IDTR 41

ID bit 41
IGNBRK 232
INIT_TASK 66
INT 3 153

INT [num] 55
IN_ORDER 227
IOPL 174

IRQ 14 & 63
IRQ 1 A& 66
IRQ 2 65
IRQ_interrupt 65
ITIMER_REAL 148
IXOFF 251

IXON 250

(K)
KD_TEXT 259

KT_TEXT 257
Kscan code 232

(L)

LATCH 70
LDT 199
LDIR 50
LRU 102
ISB 71
(M)

MAP_FIXED 188
MAP_PAGE_RESERVED 76
MAP_PRIVATE 197
MAP_RESERVED 106
MBR 23

MC146818A chip 78
MF_USED 163

MSB 71
MSDOS_ROOT_INO 135
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NMAGIC 185
NR_TASK 68
NT bit 151
(0)

OCW1 39
OMAGIC 185
OPOST 250
(P)

PAGE_COPY 177, 197
PAGE_DIR_OFFSET 167
PAGE_PRIVATE 177, 197
PAGE_PTR 167
PAGE_READONLY 177
PAGE_SHARED 177
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PAGE_USER 197
PG_ACCESSED bit 203
PIC 39

PLL 144

POST 229
PROC_ROOT_INO 136
PTRS_PER_PAGE 167
PTY_MASTER 250
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RESERVED page 203 TASK_SWAPPING 158

ROOT_DEVICE 112 TASK_UNINTERRUPTIBLE 155
ROOT_DEVEH %> 36 TASK_ZOMBIE 156
ROOT_SIZE 112 TERM BtZH 88
RIC 78 TF bit 153

TOSTOP 256
(s) TSS 151

TSS16 152
SAVE_ALL 64, 215 TSS32 152
SAVE_MOST 64 TSS descriptor 68, 151
SA_INTERRUPT 65 TS bit 151
SIGALRM 143 TTY_BREAK 241
SIGCHLD handler 156 TTY_READ_FLUSH 251
SIGFPE 56 TTY_WRITE_FLUSH 256
SIGILL 57
SIGIOT 270 )
SIGKILL 168
SIGPROF 143 UART chip 267
SIGPWR 91 UPS 91
SIGSEGV 56 USL 1, 51
SIGSTOP 158
SIGTRAP 56 (v)
SIGTTOU 256
SIGVTALTM 143 VM_MASK 145
SQ_THRESHOLD_HW 252 VI_AUTO 258
SQ_THRESHOLD_LW 251 VT_PROCESS 258
ST-506 221 VI_RELDISP 258
STAGE_FIRST 28 VI_WAITACTIVE 262
STARTE2 XA} 250
STD_ERROR 88 (W)
STD_IN 88
STD_OUT 88 WP bit 78
STOPE X} 250

(Z)
(r)

ZMAGIC 185

TASK_INTERRUPTIBLE 155
TASK_RUNNIG 155 )
TASK_STOPPED 158



_idtgS 41, 207
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a bit 53

add_request &t 227
add_wait_queue 255
add_wait_queue 2T 156
adjtimex 145
alloc_area_pages 206
alloc_area_pages 2t 46
any_d.b 22

anon_map 177, 178

argv_init 88

as 14

as86 14

(b)

b_count 103
b_dirt 98
b_lock 102

b_uptodate 98

binary format 186
bison 94

blank_screen &f4 242
blankinterval 256
blank timer 256
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blocked bitmap 270
block size 95

bmap & 178

boot.b 22

bottom half routine 146
bread 107, 178

breada & 108

bread &4 62, 98
breakpoint 153

break =71 232

brelse &t 106

brk 190
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buffer head 95

buffer header +=A| 99

build 14
(c)
c_cc 255

calc_load 145

call gate 50, 59
cascade 65

chain,b 22

chain.S 34
change_congole 259
change_console &f 241
change_ldt &= 190

check_disk_change &1 08
checksum 29
clear_page_tables &g 189

clock_t 142

clone_page_tables &4 175
complete_change_console &t 259
compound unstripped Kernel 25
compressed Kernel 14
con_write &= 248
console_blanked &f 242
console_print & 259
controlling terminal 250
cooked mode 236
copy_page_table & 174
copy_string 4 184
copy_to_cooked 248
copy_to_cooked B 241

core. file 270

cr3 47

create_tables 190

cron 91
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daemon 89, 241
debug register 153
default_1ldt 60, 199
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defkeymap.map 237

defrag 21

depend file 4

device driver 222
directory block 122

disk arm 218

dma_chan_busy 81
do_bottom_half Sf 234
do_cons &t 241

do_exit & 158, 172
do_hd_request &3 224
do_Keyboard_interrupt & 241
do_mmap &t 177
do_page_fault 2f4 189, 191
do_self St 238

do_signal &= 157
do_timer &t 71, 242
do_wp_page Et4 183, 193
dpl 46

drive_info_struct # XA 88
dtime 117

dummy request 224

dup 88
(e)
eZdump 21
edata 40

elevator &1E[E 227
empty_zero_page 51

end 40

end_request 2t~ 98, 102

envp_init 88

epoch 142

error code 61, 193
etext 41

exec 86
executable 129
exeutable 179
exit 156

expires 147

(=]

ext2_delete_entry £/ 125

ext2_new_inode &t 126

ext2_read_inode &= 126, 132

ES
ext2_read_super & 123
ext2_setup_super 2f4 114
extZ2_super_block 131
ext2fs 111

extended partition 218
(£)

f_count 129
fake_keyboard_interrupt &
fast_IRQO_interrupt 62
fast_do_IRQE 62
fg_console 259
file_mmap_nopage 2f4 195
file descriptor 88

file descriptor HH& 128
first.S 27

flex 94

flush_old_exec &f 189
forground 232

fork 86

formatting 218

free_list 97
free_page_list 77, 161
free_page_tables 189
freeME]| 77
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fstab 140, 201
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gate 59

gcec 41

gdb 270

generate 2f4 269
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get_empty_process
SFA

get_free_page &f5
get_fs_byte 85

get_more_buffer_head
get_order & 162

177
& 172
95, 161
g 97

get_scrmem 2f4 260

getblk &4 103
getblk &t 97
getchar 4 263
getty 92, 246
grep 21

group 112

group descriptor block 115

grow_buffer &f
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hard 1link 126
hash_table 95
hash table 98, 99
hash Oj=Z=Z 99

95

hd_geninit &t 221

hd_init &t 74
hd_interrupt &%

hd_out &4 227

(i)

i
+

iABI_emulate
iBCS 50

i_block 117
i_dev 136, 221

228

51

i_mount 132
i_nlink 127
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idle & 87

iget 134, 138
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A
T
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image descriptor table 24
init 88

init 2 91

init_IRQ &+ 64
init_Kernel_stack 215
inittab 89

init task 66

inode bitmap 115

inode free list 138

inode hash table 138

inode table block 116

inode H& 138
input_available_p 255
insert_vm_struct ==& 178
instruction prefetch queue 40
int 0x80 207

interrupt gate 59
interruptible_sleep_on 2f3 159
invalidate_buffers &t 08
irgaction 4 64
is_orphaned_pgrp 253
itimer_next 149
itimer_ticks 147

(k)

Kernel_stack_page 214

Kernel stack 213

kernel MEFAZZF 165

Key_map 237
Keyboard_interrupt& s 232, 233
Keyboard repeat rate 36

Keymap 233
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kmeg 189
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lda 14

1ds6 14

ldisc handler 241
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lex 94

lidat H3E 41

line displine handler 251
ljmp ¢ 151
11_rw_blk & 223
11_rw_block &t 108
load_LDT &4 50
load_ TR 173

loadkeys 237

logical partition 218
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longjmp & 144
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lookup &t 133
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maj_flt 195

major fault 203

map 23

mark_bh 146
math_error_irq &= 83
mem_map 77, 198
meminfo 201

memory_end 52

memory_open {1 73
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memory inode 136
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min_flt 195
min_free_page 95
mkck 25

mke2fs 111, 112
mKkswap 200

mktable 237

mmap 129, 175

modify_ldt &= 199
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mount_root &f 123
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msdos_read_inode
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=S
msdos_read_super 2
msdos_sops = A| 132
multi-processing 86
multi-tasking 2
multi-user 2
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octa 237
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page align 52

page directory 165
page fault 168, 191
page table 165
partition 217
passwd 93

pause 236
pollingHfAl 64
prev_scancode 236
primary partition 218
priority 145

proc 140

process 20

profile 94

ps 140

pt_reg =X 61
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pty_write &= 248
put_queue & 239
(r)

raw mode 236

rc.6 91

rc.K 90

rc.M 90

rc.S 90

rdev 18, 36
read_intr &l 228
read_g 236

recording process 244
register_chrdev &= 72
request 74, 222
request_irq 24 64
request queue 223
ret_from_syscall 234
rlogind 91

rs_init & 267

rs_interrupt 2 267
rs_interrupt & 246

rs_table 92, 267
rs_throttle & 251
rs_write 2t 248

runlevel 90
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s_mnt_count 114
s_mounted 132

sa_flag 65

scan code 232

scheduler 87, 145
second_overflow &f 145
secondary_page_list 161
secondary queue 241, 251
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set_call_gate 50
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set_origin 261
set_scrmem 261
set_system_gate 207
setitimer &f4 148
setijmp &4 144

setup 88, 218

setup_DMA & 81
set-user-ID flag 182
sh_bang 180

shared library 185
shell 94

shell script 180
showkey 233

gingle step 153
sleep_on & 159

sp0 213

start_Kernel 50
start_sect 219



strategy routine 74
strobe line 230

super 112

super blocks 132
supervisorAtE| 44
swap_cnt 203

swap_map 202

swap—-in 195, 202

swapon 200

swap-out 172

swap page 202
swapper_pg_dir 43, 206
swapping 215

symbolic 1link 126
sync_buffers 4 98, 103
sys_call_table 210
sys_call_trace 24 210
system_call 209

system call 60

(t)

task 20

task gate 59
termcap 88
termios_locked 250
tick 144

time_init &f 142
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timer_bh 146
timer_struct =X 147
timer &f= 147
times 142
timeslice 87, 145
tms A 142
translation 262
trap descriptor 53
trap gate 59

trap handler 61

truncate &fg 130
tss_struct =& 69
ttyl 88

ttyS 92

tty_fops 7=A 249
tty_open St 246, 249
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tty_read 24 249
tty_struct #XA 235
tty_write 2t 249
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unblank_screen &t 260
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viork 174
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vm86 145
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vm_share &4 176
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vmalloc &= 204
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(y)

yacc 94

(z)

zImage 3

zSystem. map 14
zombie 156



