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Y70 >xe Takoe S4po onepaunoHHOl CUCTEMbI?

Y10 XKe Takoe SiAPO U 3a4eM OHO HYXKHO?

BbinonHseTcs B NpropuTETHOM PEXUME, LieHa OLLINOOK
ropasao AOPOXe.

ObcnyxmBaeT 3anpochl NONb30BATENLCKUX MPUTOKEHNT.

3awmwaeT npuaoxenus apyr ot gpyra (Hanpumep ¢
MOMOLLbIO BUPTYasIbHOR NamsiTi)

MpepocTaBnser eauHblii untepdelic Kk obopynosaHuto.

ObecneunBaeT cnpaBea/mBbIA AOCTYN K pecypcam CUCTEMbI
(HanpumMep NIaHMPOBLLMK 3ajaH)
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Linux architecture
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Linux: HemHoro nctopun

@ JTa uctopusi HaumHaetcsa B 1969 roay, koraa B Bell Labs
Hayanu paspabaTbiBaTb onepaunoHHyto cuctemy Unix.
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@ JTa uctopusi HaumHaetcsa B 1969 roay, koraa B Bell Labs
Havanu pa3spabatbiBaTb onepaunoHHyto cuctemy Unix.
@ lsHayanbHo oHa bOblia HanucaHa Ha accembrnepe, Kak 1 Bce

apyrue OC Toro BpemeHun, HO BrnocneacTeuu bbina nepenncaxa
Ha sa3bIK Cu.

Catotur OmuTpuii Linux kernel [module] programming



Linux: HemHoro nctopun

@ JTa uctopusi HaumHaetcsa B 1969 roay, koraa B Bell Labs
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@ lsHayanbHo oHa bOblia HanucaHa Ha accembrnepe, Kak 1 Bce
apyrue OC Toro BpemeHun, HO BrnocneacTeuu bbina nepenncaxa
Ha a3bik Cu.

@ K cnosy cam s3bik Cu Bbin co3gan cneumansHo nog Unix:
4TOObLI ObINO BO3MOXHO MOPTUPOBATL KOA Ha Apyrue
annapaTHble N1aTgOpMbI.
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Linux: HemHoro nctopun

@ JTa uctopusi HaumHaetcsa B 1969 roay, koraa B Bell Labs
Hayanu paspabaTbiBaTb onepaunoHHyto cuctemy Unix.

@ lsHayanbHo oHa bOblia HanucaHa Ha accembrnepe, Kak 1 Bce
apyrue OC Toro BpemeHun, HO BrnocneacTeuu bbina nepenncaxa
Ha s3bik Cu.

@ K cnosy cam s3bik Cu Bbin co3gan cneumansHo nog Unix:
4TOObLI ObINO BO3MOXHO MOPTUPOBATL KOA Ha Apyrue
annapaTHble N1aTgOpMbI.

@ 1970 roa cuutaetcsa 'noxoin Unix'. U no ceii geHb Bce
Unix-nofobHble cnctembl M3MEPSIIOT BPEMSI B KOJIMYECTBE
CEKYHJ, C nosyHo4un nepsoro siHeaps 1970 roga

@ WznavansHo Unix Beinyckanack nog fOCTaTO4HO CBOBOAHON
JIMUEH3MEN N NCXOLHbIT KOA Dbl OCTYNEH BCEM XKENAIOLLUM.

@ B obuiem, Unix BbicTpo pa3euBancs u CHUCKaN NonNynsipHOCTb
B HayYHbIX YYPEXAEHUSX N NPeAnpUsTUSIX.
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Linux: HemHoro nctopun

@ OpHako B paiioHe 1983-1984 roga Unix nepewén Ha
KOMMEPHECKYIO MOAENb pa3paboTku, O NpefoCTaBieHNN
NCXOGHNKOB pedb yXKe He wia. Tenepb Unix Hy»HO bbino
MoKynaTb 33 BEHbIA.
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Linux: HemHoro nctopun

@ OpHako B paiioHe 1983-1984 roga Unix nepewén Ha
KOMMEPYECKYIO MOfeNb pa3paboTku, 0 npefoCTaBAeHN
NCXOGHNKOB pedb yXKe He wia. Tenepb Unix Hy»HO bbino
MoKynaTb 33 BEHbIA.

@ B npumepHro Te xe rogel Puuapa Cronnman (RMS) ocHosan
npoekT GNU c uenbto co3gaHusi NosHOLEHHOIA
Unix-COBMECTUMOW CUCTEMbI, MOMHOCTbLIO COCTOsILLEN U3
cBObOAHOro NMporpaMmMHoro obecneyerus.
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@ OpHako B paiioHe 1983-1984 roga Unix nepewén Ha
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@ K 1990 rogy bonbluas 4acTb nporpaMm, HeOBXOAUMBIX
onepawumoHHoli cucteme beina Hanmcana. Ho um He xBaTano
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@ 25 Asrycrta 1991 roga dunHckmii ctygenT Jlunyc Topsanbac
NpeACTaBuU NEPBYIO BEPCUIO CBOEro siApa.
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Linux: HemHoro nctopun

@ OpHako B paiioHe 1983-1984 roga Unix nepewén Ha
KOMMEPYECKYIO MOfeNb pa3paboTku, 0 npefoCTaBAeHN
NCXOGHNKOB pedb yXKe He wia. Tenepb Unix Hy»HO bbino
MoKynaTb 33 BEHbIA.

@ B npumepHro Te xe rogel Puuapa Cronnman (RMS) ocHosan
npoekT GNU c uenbto co3gaHusi NosHOLEHHOIA
Unix-COBMECTUMOW CUCTEMbI, MOMHOCTbLIO COCTOsILLEN U3
cBObOAHOro NMporpaMmMHoro obecneyerus.

@ K 1990 rogy bonbluas 4acTb nporpaMm, HeOBXOAUMBIX
onepawumoHHoli cucteme beina Hanmcana. Ho um He xBaTano
agpa.

@ 25 Asrycrta 1991 roga dunHckmii ctygenT Jlunyc Topsanbac
NpeACTaBuU NEPBYIO BEPCUIO CBOEro siApa.

@ OHo, KcTaTu, n3HavasbHO HasbiBanock Frex — ot cnos Free un
Unix.
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Linux: Mepebiti email

Hello everybody out there using minix -
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Hello everybody out there using minix -

I’m doing a (free) operating system (just a hobby, won’t be big
and professional like gnu) for 386(486) AT clones. This has been
brewing since april, and is starting to get ready.
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I’m doing a (free) operating system (just a hobby, won’t be big
and professional like gnu) for 386(486) AT clones. This has been
brewing since april, and is starting to get ready. I’d like any
feedback on things people like/dislike in minix, as my 0S
resembles it somewhat (same physical layout of the file-system
(due to practical reasons) among other things).
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Hello everybody out there using minix -

I’m doing a (free) operating system (just a hobby, won’t be big
and professional like gnu) for 386(486) AT clones. This has been
brewing since april, and is starting to get ready. I’d like any
feedback on things people like/dislike in minix, as my 0S
resembles it somewhat (same physical layout of the file-system
(due to practical reasons) among other things).

I’ve currently ported bash(1.08) and gcc(1.40), and things seem
to work. This implies that I’ll get something practical within a
few months, and I’d like to know what features most people would
want. Any suggestions are welcome, but I won’t promise I’1ll
implement them :)
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Linux: Mepebiti email

Hello everybody out there using minix -

I’m doing a (free) operating system (just a hobby, won’t be big
and professional like gnu) for 386(486) AT clones. This has been
brewing since april, and is starting to get ready. I’d like any
feedback on things people like/dislike in minix, as my 0S
resembles it somewhat (same physical layout of the file-system
(due to practical reasons) among other things).

I’ve currently ported bash(1.08) and gcc(1.40), and things seem
to work. This implies that I’ll get something practical within a
few months, and I’d like to know what features most people would
want. Any suggestions are welcome, but I won’t promise I’1ll
implement them :)

Linus (torvalds@kruuna.helsinki.fi)

PS. Yes - it’s free of any minix code, and it has a
multi-threaded fs. It is NOT protable (uses 386 task switching
etc), and it probably never will support anything other than
AT-harddisks, as that’s all I have :-(.
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[lapa cnos o moaynsax

Mogynu ans sigpa paboTatoT C TeMU XKe NPUBENErNSIMU, HTO 1
camMo sApo.
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Bonee Toro, gocratoyHo bonbwas sgpa (Hanpumep gpaiisepbl)
peann3oBaHa MMEHHO B BUAE MOZynei.
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[lapa cnos o moaynsax

Mogynn ans sapa paboTatroT C TemMu XKe NPUBENErUAMU, YTO U
camo sApo.

Bonee Toro, gocratoyHo bonbwas sgpa (Hanpumep gpaiisepbl)
peann3oBaHa MMEHHO B BUAE MOZynei.

CnoBoMm, HanucaHve Mofyneid sapa HUYYTb HE XyXKe BHECEeHUs
W3MEHEHNA B CaMO s14p0o, HO TpebyeT HEMHOIO MEHbLLLE BPEMEHU
A5 MOATOTOBKM.
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[NogrotoBum paboyee mecto

Y10bbl NUCaTb MOAYAN HY>KHO NOCTaBUTL 3arofNoBOYHbIE dalinbl
sapa (Bnpoyem, BO3MOXHO, YTO OHM Y BaC yXe CTOSIT)
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[NogrotoBum paboyee mecto

Y10bbl NUCaTb MOAYAN HY>KHO NOCTaBUTL 3arofNoBOYHbIE dalinbl
sapa (Bnpoyem, BO3MOXHO, YTO OHM Y BaC yXe CTOSIT)

o [ns auctpmbytmeos Ha ocHoee Debian:

Hsudo apt-get install linux-headers-$(uname -r)

o [Ins Fedora:

Hsudo yum -y install kernel-devel kernel-headers

e [nsa Gentoo:

H sudo emerge -a -e world # echo ’just kidding’

e [ns ppyroro anctpubyTuea nonwuTe B MHTepHeTe 'Linux
headers $distrname’
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[NpakTrka
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Hello world!

Mpuctynum

mkdir -p code/0O1-hello
cd code/0O1-hello
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Hello world!

Mpuctynum

mkdir -p code/0O1-hello
cd code/01-hello
$EDITOR main.c
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Hello world!

Mpuctynum

mkdir -p code/0O1-hello
cd code/01-hello
$EDITOR main.c

$EDITOR Makefile

Catotun OmuTpuii Linux kernel [module] programming



Hello world: main.c

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>
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Hello world: main.c

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>

static int __init hello_init (void) {
printk (KERN_INFO );
return O;
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Hello world: main.c

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>

static int __init hello_init (void) {
printk (KERN_INFO );
return O;

}

static void __exit hello_exit(void) {
printk (KERN_INFO );

}
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Hello world: main.c

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>

static int __init hello_init (void) {
printk (KERN_INFO );
return O;

}

static void __exit hello_exit(void) {
printk (KERN_INFO );

}

module_init (hello_init);
module_exit (hello_exit);
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Hello world: main.c

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>

static int __init hello_init (void) {
printk (KERN_INFO );
return O;

}

static void __exit hello_exit(void) {
printk (KERN_INFO );

}

module_init (hello_init);
module_exit (hello_exit);

MODULE_LICENSE ( )
MODULE_AUTHOR ( )
MODULE_DESCRIPTION ( )
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Hello world: Makefile

o KO/J, Mbl Hanncann, Tenepb OCTaaoCb €ro CKOMNNANpoOBaThb.
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Hello world: Makefile

o KO/J, Mbl Hanncann, Tenepb OCTaaoCb €ro CKOMNNANpoOBaThb.

@ [lna storo Hanuwem cneumansHeili daiin — Makefile. Makefile
5TO NONYASAPHbLIV CNOCOB ONMCaHNA 3aBUCUMOCTEN Pa3finyYHbIX

3ajay Apyr ot apyra.
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Hello world: Makefile

o KO/J, Mbl Hanncann, Tenepb OCTaaoCb €ro CKOMNNANpoOBaThb.

@ [lna storo Hanuwem cneumansHeili daiin — Makefile. Makefile
5TO NONYASAPHbLIV CNOCOB ONMCaHNA 3aBUCUMOCTEN Pa3finyYHbIX
3aay apyr oT Apyra.

@ OH yacTo ncnonbsyetcs ans cBOPOK Pas3fMYHbLIX MPOEKTOB B
mupe Unix (nan Linux).
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Hello world: Makefile

|| ifneq ($(KERNELRELEASE),)
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Hello world: Makefile

ifneq ($(KERNELRELEASE),)

obj-m := hello.o

hello-y := main.o # this line can have more than one
file.

else
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Hello world: Makefile

ifneq ($(KERNELRELEASE),)
obj-m := hello.o
hello-y := main.o # this line can have more than one
file.
else
all:
make -C /lib/modules/‘uname -r‘/build M=$$PWD \
modules
clean:
make -C /lib/modules/‘uname -r‘/build M=$$PWD \
clean
endif
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Hello world: Building and running

Hmake # or ’make all’
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Hello world: Building and running

make # or ’make all’

ls -a
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Hello world: Building and running

make # or ’make all’
ls -a

sudo insmod hello.ko
dmesg | tail
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Hello world: Building and running

make # or ’make all’
ls -a

sudo insmod hello.ko
dmesg | tail

lsmod | grep hello # Our module was loaded!
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Hello world: Building and running

make # or ’make all’
ls -a

sudo insmod hello.ko
dmesg | tail

lsmod | grep hello # Our module was loaded!

sudo rmmod hello.ko
dmesg | tail
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Hello world: Building and running

make # or ’make all’
ls -a

sudo insmod hello.ko
dmesg | tail

lsmod | grep hello # Our module was loaded!

sudo rmmod hello.ko
dmesg | tail

sudo modinfo hello.ko
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Hello world: Building and running

make # or ’make all’
ls -a

sudo insmod hello.ko
dmesg | tail

lsmod | grep hello # Our module was loaded!

sudo rmmod hello.ko
dmesg | tail

sudo modinfo hello.ko

make clean
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O kauecTBe koga

#include <linux/module.h>
#include <linux/kernel.h>
#include <linux/init.h>

static int __init null_init(void) {
int* ptr = NULL;
printk (KERN_INFO , *ptr);
return O;

}

static void __exit null_exit (void) {}

module_init (null_init);
module_exit (null_exit);

MODULE_LICENSE ( )
MODULE_AUTHOR ( )
MODULE_DESCRIPTION ( )
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Running null module

He nosTopsiite sToro gomal!

“make
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Running null module

He nosTopsiite sToro gomal!

make

sudo insmod null.ko

Catotun OmuTpuii Linux kernel [module] programming



Running null module

He nosTopsiite sToro gomal!

make

sudo insmod null.ko
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Proc example: prelude

o OfHUM U3 TPagMUMOHHBIX CNOCOBOB B3aUMOLEACTBNS sapa C
NoNb30BaTEbCKMMUN NPOrpaMMamMy SIBAAIOTCS ncesaodaiibl.
C nX NOMOLLbLIO CUCTEMHbIVE aAMUHUCTPATOP MOXET y3HaTb
COCTOsIHME CUCTeMBbI. Takxe Takumun daiinaMm 3a4acTyto
MONb3YIOTCA CKPUNTHI U Pa3finyHble YTUANTbI.
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Proc example: prelude

o OfHUM U3 TPagMUMOHHBIX CNOCOBOB B3aUMOLEACTBNS sapa C
NoNb30BaTEbCKMMUN NPOrpaMMamMy SIBAAIOTCS ncesaodaiibl.
C nX NOMOLLbLIO CUCTEMHbIVE aAMUHUCTPATOP MOXET y3HaTb
COCTOsIHME CUCTeMBbI. Takxe Takumun daiinaMm 3a4acTyto
MONb3YIOTCA CKPUNTHI U Pa3finyHble YTUANTbI.

@ Hanpumep Tak genatot nporpammel ps, [h]ltop, uptime, u
T.M., NOTOMY 4YTO MO-APYrOMY y3HaTb NOApPObHYIO
NHOPMALMIO O MPOLECCcax HEeNb3s.
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Proc example: prelude

o OfHUM U3 TPagMUMOHHBIX CNOCOBOB B3aUMOLEACTBNS sapa C
NoNb30BaTEbCKMMUN NPOrpaMMamMy SIBAAIOTCS ncesaodaiibl.
C nX NOMOLLbLIO CUCTEMHbIVE aAMUHUCTPATOP MOXET y3HaTb
COCTOsIHME CUCTeMBbI. Takxe Takumun daiinaMm 3a4acTyto
MONb3YIOTCA CKPUNTHI U Pa3finyHble YTUANTbI.

@ Hanpumep Tak genatot nporpammel ps, [h]ltop, uptime, u
T.M., NOTOMY YTO MO-APYroMy y3HaTb NoapobHyto
MHDOPMALMIO O NPOLIECCAX HENb3s.

e Takwne ncesgodaiinbl MOXXHO yBuAeTh B /dev (cpaiinbl
YCTPOICTB 1 NCEBAROYCTPOIACTB), B /proc (MHdopmaums o
3anyLeHHbIX npoueccax) n B /sys (cpescTBo KoHdurypaymum
sapa n Mogyneii B runtime).
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Proc example: prelude

o OfHUM U3 TPagMUMOHHBIX CNOCOBOB B3aUMOLEACTBNS sapa C
NoNb30BaTEbCKMMUN NPOrpaMMamMy SIBAAIOTCS ncesaodaiibl.
C nX NOMOLLbLIO CUCTEMHbIVE aAMUHUCTPATOP MOXET y3HaTb
COCTOsIHME CUCTeMBbI. Takxe Takumun daiinaMm 3a4acTyto
MONb3YIOTCA CKPUNTHI U Pa3finyHble YTUANTbI.

@ Hanpumep Tak genatot nporpammel ps, [h]ltop, uptime, u
T.M., NOTOMY YTO MO-APYroMy y3HaTb NoapobHyto
NHOPMALMIO O MPOLECCcax HEeNb3s.

e Takwne ncesgodaiinbl MOXXHO yBuAeTh B /dev (cpaiinbl
YCTPOICTB 1 NCEBAROYCTPOIACTB), B /proc (MHdopmaums o
3anyLeHHbIX npoueccax) n B /sys (cpescTBo KoHdurypaymum
sapa n Mogyneii B runtime).

@ B kauecTtBe npumepa Mbl HanuweMm 34eCb OY€Hb MPOCTOM, HO
NOJIHOLEHHbIV ncesgodpaiin.
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Proc example: part 1

#include <linux/init.h>
#include <linux/module.h>
#include <linux/proc_fs.h>
#include <linux/seq_file.h>
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Proc example: part 1

#include <linux/init.h>
#include <linux/module.h>
#include <linux/proc_fs.h>
#include <linux/seq_file.h>

int file_show(struct seq_filex f, void* p) {
seq_printf (f, )
return O;
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Proc example: part 1

#include
#include
#include
#include

int file_
seq_printf (f, )
return O;

int file_
return single_open(f, file_show, NULL);

<linux/init.h>
<linux/module.h>
<linux/proc_£fs.h>
<linux/seq_file.h>

show(struct seq_file* f, voidx* p) {

open(struct inode* i, struct filex f) {
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Proc example: part 1

#include
#include
#include
#include

<linux/init.h>
<linux/module.h>
<linux/proc_£fs.h>
<linux/seq_file.h>

int file_show(struct seq_filex f, void* p) {
seq_printf (f, )
return O;

int file_open(struct inode* i, struct filex f) {
return single_open(f, file_show, NULL);

}
struct file_operations file_ops = {
.owner = THIS_MODULE,
.open file_open,
.read = seq_read,
.1llseek = seq_lseek,
.release = single_release
3
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Proc example: part 2

static int __init proc_init(void) {
if (proc_create( , 0666, NULL, &file_ops)
== NULL)

return -EIOQO;
return O0;
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Proc example: part 2

static int __init proc_init(void) {
if (proc_create( , 0666, NULL, &file_ops)
== NULL)

return -EIOQO;
return O0;

}

static void __exit proc_exit(void) {
remove_proc_entry ( , NULL);

}
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Proc example: part 2

static int __init proc_init(void) {
if (proc_create( , 0666, NULL, &file_ops)
== NULL)
return -EIOQO;
return O0;

}

static void __exit proc_exit(void) {
remove_proc_entry ( , NULL);
}

MODULE_AUTHOR ( )
MODULE_LICENSE ( )
MODULE_DESCRIPTION ( )
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Proc example: part 2

static int __init proc_init(void) {
if (proc_create( , 0666, NULL, &file_ops)
== NULL)

return -EIOQO;
return O0;

}

static void __exit proc_exit(void) {
remove_proc_entry ( , NULL);

}

MODULE_AUTHOR ( )

MODULE_LICENSE ( )5

MODULE_DESCRIPTION ( )

module_init (proc_init);
module_exit (proc_exit);
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Proc example: running

make

sudo insmod proc.ko
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Proc example: running

make
sudo insmod proc.ko

cat /proc/greets
ls -1 /proc/greets
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Proc example: running

make
sudo insmod proc.ko

cat /proc/greets
ls -1 /proc/greets

sudo rmmod proc.ko
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Proc example: running

make
sudo insmod proc.ko

cat /proc/greets
ls -1 /proc/greets

sudo rmmod proc.ko
ls /proc/greets
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.
Kak nepegaTb napameTpbl B 84p0?
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.
Kak nepegaTb napameTpbl B 84p0?

e [Ins guHamMmnyeckn 3arpy>xaembix Mogyneli (kak Mbl nuLeM)
MOXHO MNepefaTh NpsiMo 4Yepes insmod.
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.
Kak nepegaTb napameTpbl B 84p0?

e [Ins guHamMmnyeckn 3arpy>xaembix Mogyneli (kak Mbl nuLeM)
MOXHO MNepefaTh NpsiMo 4Yepes insmod.

@ Takxe mapaMeTpbl MOXHO MEHSITb B Npouecce paboTel Mogynst
4epes /sys, ecM MOAySb 3TO pa3peLuaeT.
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.
Kak nepegaTb napameTpbl B 84p0?
e [Ins guHamMmnyeckn 3arpy>xaembix Mogyneli (kak Mbl nuLeM)
MOXKHO nepefaTh NpsAMO Yepes insmod.
@ Takxe mapaMeTpbl MOXHO MEHSITb B Npouecce paboTel Mogynst
4epes /sys, ecM MOAySb 3TO pa3peLuaeT.

o [lns mopyneli, CTaTMYeCK BKOMMNUINPOBAHHbLIX B SO,
MOXHO nepefasaTb Yepes kernel commandline.
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Params example: motivation

Crnegytownii npumep nocesiLiaercs napameTtpam mogyneii. Oxn
ABAAOTCS CaMbIM MPOCTLIM CNOCOBOM KOHbUrypaLun Koaa B siape.

Kak

nepejaTtb napaMeTpbl B S4p07

[ns guHamuueckm 3arpyxaembix mogyineit (kak Mbl nuwem)
MOXHO MNepefaTh NpsiMo 4Yepes insmod.

Tak>ke napamMeTpbl MOXHO MEHsTL B npouecce paboTbl Mmoayns
4epes /sys, ecM MOAySb 3TO pa3peLuaeT.

[ns mMomyneii, CTaTU4YeCKn BKOMMNUAUPOBAHHBLIX B AAPO,
MOXHO nepefasaTb Yepes kernel commandline.

Korga B cnegytowmii pa3 bygere BkIto4aTh CBOMA HOYTOYK
BOWAUTE B grub-e B peXKMM peaakTUpoBaHUsi HY)KHOMO
npocusisi, TaM Bbl ODHAPYXKMTE CTPOKY HAYUMHAIOLLYIOCS CO
cnoea 'linux’. 3To oHa u ecTb.
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Params example: code

//
char* name = 5
int magic = 2016;
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Params example: code

//
char* name = 5
int magic = 2016;

// wariable, type, sysfs mode
module_param(name, charp, 0000);
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Params example: code

//
char* name = 5
int magic = 2016;

// wariable, type, sysfs mode

module_param(name, charp, 0000);

// user-friendly name, variable, type, sysfs mode.
module_param_named (SuperFlag, magic, int, 0600);
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Params example: code

//
char* name = 5
int magic = 2016;

// wariable, type, sysfs mode

module_param(name, charp, 0000);

// user-friendly name, variable, type, sysfs mode.
module_param_named (SuperFlag, magic, int, 0600);

int file_show(struct seq_filex f, voidx* p) {

seq_printf (£, , name,
magic) ;
return O0;
}
//
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Params example: running

make
sudo insmod params.ko
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Params example: running

make
sudo insmod params.ko

cat /proc/greets
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Params example: running

make
sudo insmod params.ko

cat /proc/greets

echo 2017 | sudo tee -a /sys/module/params/parameters/
SuperFlag
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Params example: running

make
sudo insmod params.ko

cat /proc/greets

echo 2017 | sudo tee -a /sys/module/params/parameters/
SuperFlag

cat /proc/greets
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Params example: running

make
sudo insmod params.ko

cat /proc/greets

echo 2017 | sudo tee -a /sys/module/params/parameters/
SuperFlag

cat /proc/greets

sudo rmmod params.ko
sudo insmod params.ko name=LKSH SuperFlag=1999
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Params example: running

make
sudo insmod params.ko

cat /proc/greets

echo 2017 | sudo tee -a /sys/module/params/parameters/
SuperFlag

cat /proc/greets

sudo rmmod params.ko
sudo insmod params.ko name=LKSH SuperFlag=1999

cat /proc/greets
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Params example: running

make
sudo insmod params.ko

cat /proc/greets

echo 2017 | sudo tee -a /sys/module/params/parameters/
SuperFlag

cat /proc/greets

sudo rmmod params.ko
sudo insmod params.ko name=LKSH SuperFlag=1999

cat /proc/greets

sudo rmmod params.ko
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136paHHble rnaBbl O BHYTPEHHEM YCTpPOIACTBE siapa
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CuncrtemHble BbI3OBbI

Kak paboTatoT cuctemHble Bbi30BbI?

@ HauyHém c perucrpos.
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CuncrtemHble BbI3OBbI

Kak paboTatoT cucremHble Bbi30BbI?

@ HauHém c perncTtpos. Peructp 310 Takas sivelika namsTu,
HaXOAALLAACA BHYTPU npoueccopa. ITo camas beicTpast
namMsaTb B KOMMbioTOpe. Pernctpol SBASIOTCA MMEHOBaHbLIMMY,
HET TaKOro MOHSITUSI, KaK afpec perucrpa.
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CuncrtemHble BbI3OBbI

Kak paboTatoT cuctemHble Bbi30BbI?

@ HauHém c perncTtpos. Peructp 310 Takas sivelika namsTu,
HaXOAALLAACA BHYTPU npoueccopa. ITo camas beicTpast
namMsaTb B KOMMbioTOpe. Pernctpol SBASIOTCA MMEHOBaHbLIMMY,
HET TaKOro MOHATUS, KaK afpec perncrpa.

@ [lns toro, 4Tobbl npoueccop mor obpaboTaTh Kakme-To
AaHHble, UX HAZl0 3arpy3nuTb B pernctpbl. OfHAKO A3bIKM
BbICOKOrO ypoBHsi (C, C++, ... ) fenatoT 3To 3a Hac.

CatotuH Omutpuii Linux kernel [module] programming



CuncrtemHble BbI3OBbI

Kak paboTatoT cuctemHble Bbi30BbI?

@ HauHém c perncTtpos. Peructp 310 Takas sivelika namsTu,
HaXOAALLAACA BHYTPU npoueccopa. ITo camas beicTpast
namMsaTb B KOMMbioTOpe. Pernctpol SBASIOTCA MMEHOBaHbLIMMY,
HET TaKOro MOHATUS, KaK afpec perncrpa.

@ [lns toro, 4Tobbl npoueccop mor obpaboTaTh Kakme-To
AaHHble, UX HAZl0 3arpy3nuTb B pernctpbl. OfHAKO A3bIKM
BbICOKOrO ypoBHsi (C, C++, ... ) fenatoT 3To 3a Hac.

@ YT10bbl BbI3BAaTb CUCTEMHbLINA BbI3OB HEODXOANMO:

o [lomecTuTb B OnpefenéHHble PErncTpbl NapaMeTpbl BbI3OBA,
BKJIIO4asi HOMepP CMCTEMHOMO BbI30Ba.

o Cpgenatb npepbiBarue. [pepbiBaHue — 3TO crneumanbHblii
MeXaHU3M, nepefatolnii ynpasneHne B S4po.

o [locne atoro siapo BbI3bIBaeT BLI3OB 1 BO3BpALLAET
ynpasJfieHne Ha3aj B NporpamMy noJib3oBaTens.
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CuncrtemHble BbI3OBbI

BoMbLINHCTBO CUCTEMHBIX BbI3OBOB NMEIOT CBOW
PYHKLMU-CMYTHUKIA B CTaHAApTHOR bubnnoteke C (1ibc).

Hanpumep gaHHble dbyHKLUMM OCYLLECTBASIOT BbI30OB OfHOUMEHHbIX
CNCTEMHBIX BbI30BOB sifipa.

@ open — OTKpbIBaeT (haiis A/ YTeHus /3anmcu.
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CuncrtemHble BbI3OBbI

BoMbLINHCTBO CUCTEMHBIX BbI3OBOB NMEIOT CBOW
PYHKLMU-CMYTHUKIA B CTaHAApTHOR bubnnoteke C (1ibc).

Hanpumep gaHHble dbyHKLUMM OCYLLECTBASIOT BbI30OB OfHOUMEHHbIX
CNCTEMHBIX BbI30BOB sifipa.
@ open — OTKpbIBaeT haiin ANs 4TeHusi/3anucu.

@ write — ocyliecTBAsieT 3anuck B aii.
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CuncrtemHble BbI3OBbI

BoMbLINHCTBO CUCTEMHBIX BbI3OBOB NMEIOT CBOW
PYHKLMU-CMYTHUKIA B CTaHAApTHOR bubnnoteke C (1ibc).

Hanpumep gaHHble dbyHKLUMM OCYLLECTBASIOT BbI30OB OfHOUMEHHbIX
CUCTEMHbIX BbI30OBOB s14pa.

@ open — OTKpbIBaeT haiin ANs 4TeHusi/3anucu.

@ write — ocyliecTBAsieT 3anuck B aii.

@ read — OCYLLECTBNAET HTEHUNE.
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CuncrtemHble BbI3OBbI

BoMbLINHCTBO CUCTEMHBIX BbI3OBOB NMEIOT CBOW
PYHKLMU-CMYTHUKIA B CTaHAApTHOR bubnnoteke C (1ibc).

Hanpumep gaHHble dbyHKLUMM OCYLLECTBASIOT BbI30OB OfHOUMEHHbIX
CNCTEMHBIX BbI30BOB sifipa.

@ open — OTKpbIBaeT haiin ANs 4TeHusi/3anucu.
@ write — ocyliecTBAsieT 3anuck B aii.

@ read — OCYLLECTBNAET HTEHUNE.

@ exit — 3aBepwunTb Nporpamy
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CuncrtemHble BbI3OBbI

BoMbLINHCTBO CUCTEMHBIX BbI3OBOB NMEIOT CBOW
PYHKLMU-CMYTHUKIA B CTaHAApTHOR bubnnoteke C (1ibc).

Hanpumep gaHHble dbyHKLUMM OCYLLECTBASIOT BbI30OB OfHOUMEHHbIX
CUCTEMHbIX BbI30OBOB s14pa.

@ open — OTKpbIBaeT haiin ANs 4TeHusi/3anucu.

@ write — ocyliecTBAsieT 3anuck B aii.

@ read — OCYyLLECTBASAET YTeHMe.

@ exit — 3aBepwunTb Nporpamy
@ Ha caMoMm gene, Koraa Bbl genaete return 0 — libc Bbi3biBaeT
CUCTEMHbI BbI30B BbIXO4a, MPOCTO TaK BbIATN nporpama He
MOXKET.
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CuncrtemHble BbI3OBbI

o Tenepb AasaiiTe HanuweM nporpamy, KoTopasi byaer nedaTtaTb
Ha koHconb 'Hello world’.

@ [lns Ttoro, 4Tobbl BLINOAHUTL ONMCaHHbIe TpeboBaHUs
OOCTaTOYHO ABYX CUCTEMHbIX BbI30BOB: Write, exit.
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CuncrtemHble BbI3OBbI

o Tenepb AasaiiTe HanuweM nporpamy, KoTopasi byaer nedaTtaTb
Ha koHconb 'Hello world’.

@ [lns Ttoro, 4Tobbl BLINOAHUTL ONMCaHHbIe TpeboBaHUs
OOCTaTOYHO ABYX CUCTEMHbIX BbI30BOB: Write, exit.

@ Mbl Hanuwem AAHHYIO NporpamMy Ha pa3HbIX A3blKaX, 1
NOCMOTPUM Ha HUCNO BbI3OBOB, KOTOpPbIE OHU CAENALOT.
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CucTtemHble Bbi3oBbI: Assembler

.globl _start
# x86_64 only
.data
msg:
.ascii
len = . - msg

.text

_start:
# SYS_write = 1
movq $1, hrax
movq $1, hrdi
movq $msg, %rsi
movq $len, %rdx
syscall

# SYS_exit = 60
movq $60, Y%rax

movq $0, Yrdi

syscall
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CuctemHble Bbi3oBbl: Assemble

.globl _start
# x86_64 only
.data
msg:
.ascii
len = . - msg

.text

_start:
# SYS_write = 1
movq $1, hrax
movq $1, hrdi
movq $msg, %rsi
movq $len, %rdx
syscall

# SYS_exit = 60
movq $60, Y%rax

movq $0, Yrdi

syscall

chc -nostdlib asm.s -o asm
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CuctemHble Bbi3oBbl: Assemble

.globl _start
# x86_64 only
.data
msg:
.ascii
len = . - msg

.text

_start:
# SYS_write = 1
movq $1, hrax
movq $1, hrdi
movq $msg, %rsi
movq $len, %rdx
syscall

# SYS_exit = 60
movq $60, Y%rax

movq $0, Yrdi

syscall

gcc -nostdlib asm.s -o asm
./asm
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CuctemHble Bbi3oBbl: Assemble

.globl _start
# x86_64 only
.data
msg:
.ascii
len = . - msg

.text

_start:
# SYS_write = 1
movq $1, hrax
movq $1, hrdi
movq $msg, %rsi
movq $len, %rdx
syscall

# SYS_exit = 60
movq $60, Y%rax

movq $0, Yrdi

syscall

gcc -nostdlib asm.s -o asm
./asm
strace ./asm # 2 syscalls
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CuctemHble Bbi3oBbl: C

CKOMbKO BbI3OBOB CAENaeT AaHHbIl Kog?
#include <string.h>
#include <unistd.h>

const char* msg =

int main() {

write(l, msg, strlen(msg));
return O;
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CuctemHble Bbi3oBbl: C

CKOMbKO BbI3OBOB CAENaeT AaHHbIl Kog?
#include <string.h>
#include <unistd.h>

const char* msg =

int main() {
write(l, msg, strlen(msg));
return O;

Hstrace ./C # = 25 syscalls.
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CucTteMHble Bbi3oBbl: C++

CKonbKO BLI3ZOBOB CAENaeT AaHHbIN Kog!

// same, but compiled as c++.
#include <string.h>
#include <unistd.h>

const char* msg =
int main() {

write(1l, msg, strlen(msg));
return O;

Catotur OmuTpuii Linux kernel [module] programming



CucTteMHble Bbi3oBbl: C++

CKonbKO BLI3ZOBOB CAENaeT AaHHbIN Kog!

// same, but compiled as c++.
#include <string.h>
#include <unistd.h>

const char* msg =
int main() {

write(1l, msg, strlen(msg));
return O;

Hstrace ./Cpp # 750 calls
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CucrtemHble BbI30BbI: Java

CKonbKoO BbIZOBOB CAENaeT AaHHbIl Kog!

public class Java {
public static void main(String[] args) {
System.out.println( )
}
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CucrtemHble BbI30BbI: Java

CKonbKoO BbIZOBOB CAENaeT AaHHbIl Kog!

public class Java {
public static void main(String[] args) {
System.out.println( )
}

strace -f java Java # ~ 3378 calls (highly random
number), 17 threads.

[a, Tenepb Bbl 3HaeTe, 4TO ANS TOrO, yT10bbI HanucaTeb Hello
world Ha Java Hy»xHo 17 noTokoB u 3378 BbI30OBOB.
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O Heucnonb3oBaHuu s3bvika C++ B NUHYKCe

Moyemy C++ He mucnosnb3yetcs B NUHyKce?!
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O Heucnonb3oBaHuu s3bvika C++ B NUHYKCe

Moyemy C++ He mucnosnb3yetcs B NUHyKce?!

@ lcropuyeckue npuyntel: C nosBUICS paHblle N NEPBbIE
BEPCUMN MUCANN HA HEM.
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O Heucnonb3oBaHuu s3bvika C++ B NUHYKCe

Moyemy C++ He mucnosnb3yetcs B NUHyKce?!

@ lcropuyeckue npuyntel: C nosBUICS paHblle N NEPBbIE
BEPCUMN MUCANN HA HEM.

Hanblue TesncHble BbkUMKM 13 nuceMma Jlunyca Topeanbgca no
TEME.

@ C++4 — ITo yxKacHbIi A3blk nporpammuposatus. W ot Toro,
YTO MHOXECTBO HEYMEJIbIX MPOrPaMMMICTOB MULIYT Ha HEM, OH
CTaHOBUTCS TosIbKO Xyxe. Cnegosano 6ol BeibpaTh A3bIk C,
Jaxke ecnu bbl €4MHCTBEHHOI LesIblo 3TOro bbiio bbl yaepxaThb
nporpammuctos C++ ot gen.
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O HemcnonbsosaHun sisbika C++ B uHykce (part 2)

@ Ha camom pene oHu nonpobosanu ofHaXKAbl NepeBecTu
nunykc Ha C++4, B 1992. MonbiTka npoBanunack. KoHevHo
komnuastopsl C4++ cTanm nyyiwe, HO OCHOBHOE (MO CNoBaM
TopBanbfica) He M3MEHUNOCH:
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O HemcnonbsosaHun sisbika C++ B uHykce (part 2)

@ Ha camom pene oHu nonpobosanu ofHaXKAbl NepeBecTu
nunykc Ha C++4, B 1992. MonbiTka npoBanunack. KoHevHo
komnuastopsl C4++ cTanm nyyiwe, HO OCHOBHOE (MO CNoBaM
TopBanbfica) He M3MEHUNOCH:

o Ucknoueruns C++ dpyHgameHTansHo cnomanbl. OHu ocobeHHo
C/IOMaHbl gns pa3pa60TK|/| A0ep onepaunMoHHbIX CNCTEM.

o Ecan KOMNUNATOP UAN A3bIK nobut NpATaTb TakKWe AeTanu,
KaK BblgeNleHNE NaMATU, TO 3TO HE O4YEHb XOpOUJI/II7I A3bIK
(komnunsiTop).
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O HemcnonbsosaHun sisbika C++ B uHykce (part 2)

@ Ha camom pene oHu nonpobosanu ofHaXKAbl NepeBecTu
nunykc Ha C++4, B 1992. MonbiTka npoBanunack. KoHevHo
komnuastopsl C4++ cTanm nyyiwe, HO OCHOBHOE (MO CNoBaM
TopBanbfica) He M3MEHUNOCH:

o Vckntouennsi C++ dpyHaamenTansHo ciomansl. OHu ocobeHHo
COMaHbl /151 pa3paboTKn SAep OnepaLNoOHHBIX CUCTEM.

o Ecan komnunsitop unu sisbik nobuT npsiTaTe Takue getanu,
KaK BblgeNleHNE NaMATU, TO 3TO HE O4YEHb XOpOUJI/II7I A3bIK
(komnunsiTop).

o MoxHo nucate OOMN kog u Ha C (Hanpumep ncnonb3ys
yKasaTenn Ha dyHKUMN, CM. NPUMep C proc).
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O HemcnonbsosaHun sisbika C++ B uHykce (part 2)

@ Ha camom gene oHu nonpoboBann ogHaxabl NepeBecTu
nunykc Ha C++4, B 1992. MonbiTka npoBanunack. KoHevHo
komnuastopsl C4++ cTanm nyyiwe, HO OCHOBHOE (MO CNoBaM
TopBanbfica) He M3MEHUNOCH:

o Vckntouennsi C++ dpyHaamenTansHo ciomansl. OHu ocobeHHo
COMaHbl /151 pa3paboTKn SAep OnepaLNoOHHBIX CUCTEM.

o Ecan komnunsitop unu sisbik nobuT npsiTaTe Takue getanu,
KaK BblgeNleHNE NaMATU, TO 3TO HE O4YEHb XOpOUJI/II7I A3bIK
(komnunsiTop).

o MoxHo nucate OOMN kog u Ha C (Hanpumep ncnonb3ys
yKasaTenn Ha dyHKUMN, CM. NPUMep C proc).

o [Nocne nepexoga Ha C++ B ‘92 cpasy nosiBMIOCH MHOMO
Xanob o nafeHnn NpPoN3BOAUTENBLHOCTH.
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BupTyanbHas namsTh

@ Y7o Takoe BMpTyanbHas namsTb?
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BupTyanbHas namsTh

@ Y7o Takoe BMpTyanbHas namsTb?

@ BupTyanbHas namaTb 03HauaeT TO, YTO KaXKAOMY MPOLECCY
BbIAENSAETCS BUPTyasibHOE NPOCTPAHCTBO pasmepoM B 232 (nan
2%4) Baiir.
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BupTyanbHas namsTh

@ Y7o Takoe BMpTyanbHas namsTb?

@ BupTyanbHas namaTb 03HauaeT TO, YTO KaXKAOMY MPOLECCY
BbIAENSAETCS BUPTyasibHOE NPOCTPAHCTBO pasmepoM B 232 (nan
2%4) Baiir.

e TLB
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BupTyanbHas namsTh

YT0 Takoe BMpTyanbHas NamsTb?

BupTyanbHas namsaTb 03Ha4aeT TO, YTO KaXXAOMY NpoLECCy
BbIAENSAETCS BUPTyasibHOE NPOCTPAHCTBO pasmepoM B 232 (nan
2%4) Baiir.

TLB

Page fault

(]
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BupTyanbHas namsTh

@ Y7o Takoe BMpTyanbHas namsTb?

@ BupTyanbHas namsTb 03HA4YaeT TO, YTO KaXKAOMY MPOLECCY
BbIAENSAETCS BUPTyasibHOE NPOCTPAHCTBO pasmepoM B 232 (nan
2%4) Baiir.

e TLB

o Page fault

o Kernel obpabaTeisaeT Page fault, 3arpy>xas Hy»KHyto cTpaHuuy.

e VDSO.
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Further reading

Yt1o ganblie?

@ Use the source, Luke!
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Further reading

Yt1o ganblie?

@ Use the source, Luke!

@ Linux Kernel Development (kHura npo siapo, MOXHO
NCMOJIb30BaTb KaK CMPAaBOYHUK WU MYTEBOAUTESb)
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Yt1o ganblie?

@ Use the source, Luke!

@ Linux Kernel Development (kHura npo siapo, MOXHO
NCMOJIb30BaTb KaK CMPAaBOYHUK WU MYTEBOAUTESb)
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AAEPLINKAM.
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@ Use the source, Luke!

@ Linux Kernel Development (kHura npo siapo, MOXHO
NCMOJIb30BaTb KaK CMPAaBOYHUK WU MYTEBOAUTESb)

@ kernelnewbies.org — caiiT, NOCBALWEHHBIN HaYMHAOWMUM
AAEPLINKAM.

@ eudyptula-challenge.org — cepus 3agay, ¢ nomoLLbIO KOTOPbLIX
MOXHO Hay4UTCsl MUCaThb KOA AAs sApa.
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Further reading

Yt1o ganblie?

@ Use the source, Luke!

@ Linux Kernel Development (kHura npo siapo, MOXHO
NCMOJIb30BaTb KaK CMPAaBOYHUK WU MYTEBOAUTESb)

@ kernelnewbies.org — caiiT, NOCBALWEHHBIN HaYMHAOWMUM
AAEPLINKAM.

@ eudyptula-challenge.org — cepus 3agay, ¢ nomoLLbIO KOTOPbLIX
MOXHO Hay4UTCsl MUCaThb KOA AAs sApa.

W otpensHo:

o Linus Torvalds — Just for fun
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.end()

Cnacubo 3a sHumaHumel!
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