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BBenenne

Metonmdeckoe 1mocobue ONuChbIBa€T OCHOBHBIE IHIATW 110 pa3paboTKe IIpo-
I'PAMMHOI'0 0OecIIedeHusI JIJId BCTpanBaeMbIX cucTeM. B KauecTBe 1eJieBoii miar-
dopmbr ncrionb3yeres maata «barer ITJIK1-01» ¢ ycTaHOBJIEGHHBIM MUKDPOKOH-
tposiepom Komans-MK K5500BK018, npoussogcrea @I'Y OHIL HUNCU PAH.
B cocra K5500BK018 BxoauT cynepckasisipaoe 64-paspsiaaoe RISC Mmukpoipo-
neccoproe sapo ¢ apxurextypoit KOM/IMB64 (MIPS64-coBmectnmast ), BKJIIO-
Jasi conporieccop Berectsertoit apudmernkn (IEEE754), kam-namsars nepso-
ro yposus (16416 KBaiit), ksur-mamsits Broporo yposus (128 KBaiit), 6ydep
TPAHC/ISINKT BUPTYAJIbHBIX aJpecoB Ha 64 ajipeca, KOHTPOJLIED JHHAMIYCCKOIT
namatu DDR3 ¢ nmopnepxkkoit DDR3L, BoceMb TaliMepoB-CU€TINKOB, CTOPO-
JKeBOIT Taiimep, Jachl peaJbHOrO BpeMeHH, jiBa KouTpoJsuiepa Ethernet 10/100,
KOHTpOJLIeph! mocaeaoBaresbibix narepdeiicos UART (5 mr.), 12C (3 mr.),
SPI (4 wr.), CAN 2.0 (2 mr.), USB 2.0, kourposutep SDHCI. Cepuittbliii Bbi-
nyck HadaT B 2021 rojuy.

[IJIK1-01 BhbImoOJIHEH B Buje IeYaTHON ILIaThl 0e3 Kopilyca, Ha KOTOPOil
PACIIOJIOKEHBI COCMHUTENH JIJIsI TOJKJIFOUCHUs TIEPBUYHOIO 3JIEKTPOINTAHUS
1 BHEIITHUX YCTPOMCTB, OpraHbl yrpas/ieHus (1o/1b30BaTe/IbcKne KHOMKI SW1,

SW2), ceeropnopnbie unukatopsl (VD1 — VD5), epeMbraku Jjis1 yIpaBieHust

pexkumanmu paborer [IJIK1-01 (SA4, SA5, SAG, SA7, SA9).



WHTepdercol Wutepdeiic Aepwatens +
Coetoavoabl  Mepembitsa  GPIO, UART Raspberry Pi barapenna
(VD3, VD4) (SA9) (sA1, 5A2) (15) (X5)

CeeToamofsl

TeXHON0 rMYeCH it (vD2, vD5)

wHTepdenc USB 2.0
(X1)

HuTepdeic
Ethernet
(X3)

Cnot microSDHC
(%4)

WHTepdeic
USB 2.0
(X2)

KHOMKa  KHonKa WHTepdetic Mepemeiyku CeeToamon,
(SW1)  (SW2]  ARDUINO UNOR3 (SA6, SA7, SAd, SAS) (vD1)
(11,12,13,14)

Pucynok 1. PacnoJsioxkenne mopToB BBOJIa-BbIBOJIA

Hasnauenne BriBoj mporieccopa

Knonka SW2 GPIOD 6
Sesnénnlii ceeroanon VD2 GPIOD 4
ZKénTerit ceeronon VD5 GPIOD 5

Jist opranusanuu nutanus dacos peajibHoro spemenu (RTC) MukpokoH-
tposiepa K5500BK018 npu orcyTcTBUM OCHOBHOIO IMUTAHUA IPEIyCMOTPEHA
yCTaHOBKa, aBTOHOMHOTO 3JjieMeHTa nuTanusd — darapeitku tuna CR2032 +3 B.
Pacnosioxkenne coequnnTesieir, opranoB ynpasienusd u unjankaropos [TIJIK1-01
IpUBeJIeHO Ha pucyHke [I] HasHavYeHHe BBIBOJOB Ha HEKOTOPBIX N3 Pa3bEéMOB

IIpUBeJIEHBI Ha pUCYHKeE [2]



J2
GPIO_C2 ADC_INA[2]
GPIO_C3 ADC_INA[3]
GPIO _C4 ADC_INA[4]
GPIO_C5 | MiI1_RX_CLK ADC_INA[5]

GPIO_C1 SDAL SD_DAT([3] | ADC_INA[1]
GPIO_CO 5CL1 SD_DAT[2] | ADC_INA[O]

[(EXXEXXXIE=

—
w

GPIO_C7 | mi1_mpio
GPIO_A7 —
GPIO_C6 | Mmii1_mbc

GPIO_B3 | mil1_RxD[2] CLK_IN3
GPIO_B2 | MiI1_RXD[3] CLK_IN2

“GPio_A2|

ADC_INA[D] | SD_DAT[Z] SCL1 GPIO_CO
ADC_INA[1] | SD_DAT(3] SDA1 GPIO_C1

NC

CLK_IN1 MilL_RX_Err | GPIO_B1
CLE_INOD wMiIL_R¥_DV | GPIO_BO

IEXXXXXXXX]

u

ADC_INA[0] | SD_DAT[2] sCL1 GPIO_CO
ADC_INA[1] | SD_DAT[3] SDA1 GPIO_C1
MIIL_RX DV | GPIO_BO

[ epio_c2 |

55 AT

CLEK_IN2 MII1_RXD[3] | GPIO B2

| cNT_EN3 mI1_Txo[o] | GPIO_D3
CLK_INS Mi1_Rxo[0] | GPIO_B5

MilL_MDC | GPIO_C6

CLK_INO

GPIO_C5 | MiL_Rx_CLK

GPIO_B1 | MIl1_RX_Err CLE_IN1

GPIO_DO | mii1_txofa] CNT_ENO
GPIO_B3 | Mi1_RXD[2] CLK_IN3
GPIO_B4 | Mi1_RXD[1] CLK_IN4

ADC_INA[2]
ADC_INA[3]
ADC_INA[4]

ADC_INA[6]

T EEEEEEE XXX =

Llenw nutanma ana

_ BHELUHMX YCTPOMCTB -El PaboTa ¢ BHewHum O3Y SA1
I v SA4
E- PaboTa ¢ scTpoeHHbim O3Y GPIO FO

[ JReset
-El Pemum “little endian” GPIO_F1

T nopr SAS GP0 P2
P “big endian” GPIO_F3
[ Mrepdeiic 12 [# [®08] Pesxum “big endian l

GPIO_F4

_ WHTepdeiic SPI SAG6 -El Pexum pabotel c Ethernet GPIO_F5
GPIO_F6

[ |wntepderic Mil E- Peseps GPIO F7
_ Wneppeiic ITAG SA7 -El PaboTa ¢ BHewHum MNM3Y

_ Wntepdeiic CAN E- PaboTa ¢ BcTpoeHHbIM MMN3Y
I:I WuTtepdeic SD kapTel

_ WHTepdeiic UART m PaboTa ¢ microSDHC kapToid namaTtu
[ |BxoguaAUN SA9
_ Boixozsl LA I PaboTa Be3 microSDHC kapTbl namaru
_ Bxogbl KBagpaTypHOro

npeobpasogarens

_ Bx0Jibl KOMNapaTopoB SA2

GPIO_ED
GPIO_E1
GPIO_E2
GPIO_E3
GPIO_E4
GPIO_E5

GPIO_E6
GPIO_E7

XX EEXEEEE)
XXX EXXREEEX)

I:l Bxogp! cueT™imMkOB GPIO_D4 | MI1_TX_EN CNT_EN4
B 5061 meanapos GPIO_DS5 | Mil1_RESET CNT_ENS

GPIO_D6 | Mil1_link_int scL2 CNT_ENG
[ Beixogp! Wim GPIO_D7 | MIL_Tx_aK SDA2 CNT_ENT

Pucynoxk 2. Pa3Bojika BBIBOJIOB IIPOIECCOPA 110 PazbEéMaM BBO/Ia-BhIBOJIA
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Ilepexoanasa niaara

st ynoberBa moiK/II0ueHns K nurepdeiicam 1e/1eBoii maaThl, Oblia pa3pa-
OoTaHa 1mepexoHas IJ1aTa, ¢ BbIBEJIEHHLIMI CUTHAJLHBIMEI JTUHUSMU, CIDYIIIN-

pOBaHHBIMH 110 UHTepdeiicaM (pUCyHOK .

|UART1

|UART2

C000O0OO0O0O0O0O0OOOOOO000CO0O

dOOOOOOOOOOOO0O0D0O00O00O000

L oNsNoNe)
PWR : 0000

Radist v.1.0

Pucynok 3. Ilepexonnas miata

UART?2 moxkHO mncnoJib3oBaTh Kak jjisg paborsl ¢ maTepdeiicom UART?2,
tak u jist pabotsl ¢ nunrepdeiicom CANO. BoiBogsr GPIO 6ankos E u F jy6sin-
PYIOTCSI Ha, CBETOJMOJIBI JIJIsi OTJIAJOUHBIX Tieseii. [Ipu HeoOXoMMOCTH, MOXKHO
MOJIK/II0YATh K BBIBOJAM KHOIKH, WJIM MCIOJIL30BaTh UX JJIsi (POPMUPOBAHUS
VIPaBJISIONINX CUTHAJIOB sl MOJLyJieii. Takyke odOpaTuTe BHUMaHUE, YTO OJHA
n3 curHasibHbix JinHui [2C waTepdeiica ncnob3yercs KHonkoit SW2 Ha 111a-
Te, 10 ITOH HNPUUNHE HE CTOUT HCIOJb30BATh KHOIKY IIPH aKTUBAIIUNA TOIO

unrepdeiica.



Kak 3amyckaercs Linux?

st sanrycka OC Linux B 00I11eM ciiydae JIOJIXKHbBI IPONTH CJIeIYIOIIIe STa-

IIbI:

1. ROM BOOT — 3aIryck BCTPOEHHOI'O 3arpy34uka, OIpeJIe/Isionero mc-
TOYHUK Ja/IbHeleil 3arpy3Ku. JTOT KOJ[ HeJIb3sI UCIPABUThL ero padoTa
1 chopmar obpasa (3arojioBKU, 3HaUEHHe OUT U [POUee) 3aBUCUT OT MPO-

U3BOJUTEJIA.

2. First Stage Bootloader (FSBL) — sarpysunk meppoii crymenu, 3ajada
9TOr0 3arpys34rka, HadajbHas WHUIHAJN3AINs IPOIeccopa, U 3arpysKka
noJib30BaTeIbckoro kKoja B DDR mnamsars. Jlanubriil 3arpy3duk OINIKMO-
HAJILHDIA, U Yy HEKOTOPLIX HMPOM3BOIUTENCH MOMKET OTCYyTCTBOBATL. Pa-

6oraer u3 BcrpoeHHoit RAM mamsaTu mporeccopa.

3. Second Stage Bootloader (SSBL) — 910 3arpy34uk BToporo ypoBHs, 3a/1a-
9a, KOTOPOTO 3aKJII0IaeTCs B MOJANOTOBKE CHCTEMBI K 3aITycKy sapa Linux,
C TMOJTH30BATEILCKIMI MTapaMeTpaMil (TouKa MOHTHPOBaHHs rootfs, cko-
pocTh paboOThl TepMuHAJIA Jjist JIOTOB 1 mpodee). Haubostee pacrpocrpa-
HéHHbIT BapuanT 3arpy3dnka Das U-Boot (https://u-boot.readthedocs.io).
B meneBoil miaTe ncnob3yeTcs Jpyroil 3arpy3dnk, HaOUpalonuii mory-

asipaocTh — Barebox (https:/ /www.barebox.org/).

4. Kernel — Ha 3TOM 3Tare 3a paboTy IpoIleccopa OTBEYAeT SIAPO ollepa-
IIUOHHOW CUCTEMBbI, TPOUCXOINT (pUHATbHAS KOHMUTYpAIUS, aKTHBAITUS
JIOTIOJTHUTE/IBHBII TIPOIECCOPHBIX sijiep (ec/in OHU €CTh U AKTHBHPOBAHA
(OYHKIIST MHOTOSIJICPHOIT TTOJJIEPKKN ), MOHTHpOBaHUE rootfs, amyck cep-

BHCOB U IIpOoYeEe.


https://u-boot.readthedocs.io/en/latest/
https://www.barebox.org/

Onucanme oKpy>KeHUs

st paboThI € I1aTOi NCITOJIb3yeTCsd BUPTYaJbHas Mallinia Ha Oasze Kubuntu
20.04. Ha BupTyasbHO# MalllMHE YCTAHOBJIEHBI AKETbI JIIsi KOMIUJISIUN KO/a
oy, Linux st MIPS64 apxurektypsl mips64el-linux-gnu-gee (C koMmmisTop)
1 mips64el-linux-gnu-g++ (C++ KOMITIISITOP ), KOMITIJISTOD JlepeBa yCTPOTicTB
device-tree-compiler, apxus ¢ 3arojoBounbiMu aityiaMu sjapa Linux ycTaHOB-
JIeHHOoro Ha 1iare, yruwinTa debootstrap, IDE VSCode n mpoune mosiesnbie
HHCTPYMEHTHI.

ms nonbzoBaresis student maposb usrstudent. Iloab3oBaresnb momgep-
Kupaer pabory depes sudo (moJiyueHne Ipas Cyeprob30BaTellsi OH YKe ajiMu-
HUCTPATOP).

B KoHIle HEKOTOPBIX PabOT eCTh 3aJaHusl JJIsi CAMOCTOATEILHOI'O BBIIIOJIHE-
Hust. [Ipu 9TOM ecTh mpocThie 3aa4d, IPeIoIaraionne He3HAINTeIbHOE 13-
MeHEeHHe KoJla, a TakyKe eCTh IoMedennnle *. [loceHme BLIIOJIHSIOTCA 110 YKe-
JIAHWIO, TIPU 9TOM HY?KHO OBITb TOTOBBIM, UTO IIPHUIETCS aKTUBHO 110JIb30BATHCS
IIOMCKOM, U PACXoJ/I0BaTh KJIETKU CEpPOro BelecTBa.

BHIUMAHWE! 3anomuure, 4T0 j1ajiee IO TEKCTY, €CJIM IIPOCSIT BBIIOJI-
HUTH KOMaHJy, B Havajie KOTOpPOil Hamucano $ , 3HaunT KoMaHy HY’KHO Bbl-
IIOJTHUTH Ha, IIeJIEeBOIl ILjIaTe, & €CJIM ¢ # - B KOHCOJIM BUPTYaJIbHOI MalllUHBbI.
[Tpu srom $ win # nucarsb He HY KHO!

Ecian komaHa 3aKaHINBaeTCS CUMBOJIOM \ U Ha CJIeAYIONeil CTPOUKe eCTh
3alliCh, TO 9TO 3allUCh OTHOCUTBCA K OJIHOI KoMmanje, Bbl Moxkere 3ammncarhb
KaK BUJIUTE, TaK KaK CIMBOJI \ B KOHCOJIM Linux o3HavaeT MHOIOCTPOUIHYIO KO-
MAHJIy WJIM, OIYCTUB CUMBOJI \, IMPOJIOJIKUTH BBOJUTH TEKCT MPUBEJIEHHBIN HAa

CJIEJIYIOIIEl CTPOKE.

IIpumepsr:

Heob6xommo BBecTr B KoHCon BupTyasibHoil mamuabl (BM) komanty echo



Hello:

# echo Hello

Heobxoanmo BBecTn B KOHCOJIN 1es1eBoii miaThl Komanay echo FOOBAR:

$ echo FOOBAR

Heob6xo Mo BBecTH B KOHCOJIM BUpTYyaJsibHON Marniunabl (BM) odens jyimn-

HYIO KOMaH]Iy (J1a-/1a, Bedep He oberaer ObITh TOMHbIM):

# echo \
FOOBAR

10



JlabopaTopuaga padora Ne 1

Yeranoska OC

Lenb: Yeranosuth auctpudyTus Debian 12 Ha nesneByio miardopmy.

Onucanume: OC Linux jgennrest Ha JBe gactu: sijipo (Kernel) n daitiosyio
cucremy (rootfs). S apo onpeienser Kakme BOSMOKHOCTH 110 B3aUMOJIEHCTBIIO ¢
JKeJIe30M JIOCTYITHBI TI0JIb30BaTe 0 1 puioxKeHusiM. Rootfs onpegesnser kakme
UHCTPYMEHTBI €CTh B CUCTEME, COAEP:KUT CKPUIITHI OTBEYAIOIINE 38 0U€PEIHOCTH
MHUIUAJI3AIE, 3aI1yCKa CEPBUCOB U IIpoYne PUKJIaiHble Belu. JJuctpudbyrun
9T0 B OoJbINeil crenenn HanosiHnenue rootfs. He karkjpiit jucTpuOyTnB numeer
MOJJIEPXKKY MHOI OT X86 apXUTEKTYP.

st yeranoBku debian BocrioJib3yeMcst HHCTPYMEHTOM 1101 HazBaHneM debootstrap,
KOTOPBIi oTBevaer 3a cosmanue rootfs. IlogpobHee 1mpo STOT MHCTPYMEHT, n
BO3MOXKHOCTH TI0 €ro yIpaBJICHWIO, MOXKHO Haiitu Ha wiki mpoekta Debian

(https:/ /wiki.debian.org/ru/Debootstrap).

1.1 TIloaroroBka rootfs

1.1.1 3amycTuTe BUPTYaIbHYIO MaluhHy. JIorus u maposib jiis Bxojta: student

/ usrstudent.

11


https://wiki.debian.org/ru/Debootstrap

1.1.2 [Ipu momomnu komOuHaUK Kiaapuin Ha Kiaasuarype Ctrl-+Alt+T or-

KpOiiTe KOHCOJIb.

Baunmanmne! B KoHco/m ecTh BO3MOXKHOCTH aBTOMATUYECKOIO IIPOIOJIZKE-
Husi BBOJa. [ljIst 9TOro HeoOXOJMMO BBECTU II€pPBbIe CHUMBOJIbI KOMAaH]Ibl HJIN
myTn, 1 HaxkaTh Kaasuiry TAB. BBom mpogo/mkuThest 10 Tex mop, moKa He I0-
SIBIUTHCST HEOTTPE/ICJIEHHOCTD (K IpuMepy ecThb nBa daiira foo barl u foo bar2,
npu Haxkatuu TAB Gyner Becrasien Teker 1o mudps). [dBoitHoe Haxkarue TAB
IPUBEJIET K BBIBOJY BCEX BO3MOYKHBIX BapPUAHTOB IIPOIOJIXKEHUSI, €CJIU TaKOBbIE

€CThb.

1.1.3 CoznaiiTe u nepeiiure B paboumil KaTaJor I CO3JIaHUsd 00pas3a

rootfs.

# mkdir -p $BAGET/1lab_01
# cd $BAGET/lab_01

1.1.4  Bamycrure yrwinty debootstrap (mpu HEOOXOIUMCOTH BBEIUTE Ia-

poJib usrstudent):

# sudo debootstrap --include=aptitude ,nano,wget \
--foreign \

--arch=mips64el bookworm rootfs

—include=A,B,C.. - 106aBuTh B COOPKY YyKa3aHHBbIE MaKeTbl (IIepevuc/ieHne
JIOJKHO OBITH 6e3 mpobesioB moce 3ansrbix! )

--foreign — TOJILKO CreHepUpOBaTh HAIOJTHEHUE, TPUMEHSICTC KOrJla apXUTeK-
Typa Ha KOTOPOIl 3aIlyCKaeTCs YTHINTA OTJINIHA OT apXUTEKTyPhl Ha3HAUEHUS.
--arch=mips64el — yKa3bpIBaeM IEJIEBYIO apXUTEKTYPY

bookworm — Bepcust coopku (B TaHHOM ciiydae 12)

rootfs — NyTh K HallKe Ha3HAUEHUsI, TJie OYIyT pasMelieHbl (ailibl

12



3aMedyaHUe:

Bpemsa pabomuvi darroti npozpammvt 366UCUM 0M KOAUYECTNEA 0aH-
HOLT U KAGYECMBa NodKMOYeEHUA K cemu unmeprem. Habepumeco

mepnernus.

1.1.5 [t IpOJIOJIZKEeHNsT YCTAHOBKH, MOHAI00UThCS YTUINTA emu M03BO-
JISTIOITAs SMYJINPOBATE PA3INIHbIC apXUTEKTYPhI. Co3/1aiiTe CUMBOJILHYIO CChLI-
Ky Ha HETo B JINPEKTOPUN rootfs (B MpoTHBHOM cirydae HY>KHO ObLIO OBl YIAJIUTE

9TOT ailsr mepe/] MepeHocoM Ha, MaTy ):

# sudo 1ln -s /usr/bin/qemu-mips64el-static ./rootfs/usr/bin/

U TIepefiinTe B CO3IAaHHY0 ManKy rootfs, (mpuser jeayika KouTeitnepos, chroot)

# sudo chroot ./rootfs

1.2 Hacrpoiika rootfs

1.2.1 Sasepium padboty debootstrap

# export LANG=en_US.UTF-8

# /debootstrap/debootstrap --second-stage

1.2.2 Heobxoaumo nobaButh ncrounuxu Jjisi yeranosku 110, OTkpoiire dait

COCHHCKOMIHHOqHHKOBO6HOBHeHHHJUHIpeﬂaKTHpOBaHHﬂlﬂﬂHOHHHBKOM&HAYI

# nano /etc/apt/sources.list

[IposepbTe n m06aBbTE, €CIN OTCYTCTBYIOT, CIEAYIONE CTPOKH (obpaTuTe
BHIMAaHIE, 9T0O 3HaK '\ THcaTh Heb3s, KayKas CTpOKa HadnHaercs ¢ deb win

deb-src u 3akamuuBaerca non-free-firmware)

deb http://ftp.debian.org/debian bookworm main contrib \

13



non-free non-free-firmware

deb-src http://ftp.debian.org/debian bookworm main contrib \

non-free non-free-firmware

deb http://ftp.debian.org/debian bookworm-updates main contrib \

non-free non-free-firmware

deb-src http://ftp.debian.org/debian bookworm-updates main contrib \

non-free non-free-firmware

Daityr JoKEH BBITVISINTH KaK Ha KapTHHKE

Coxpamnre m3menenus (Ctrl + w) u Beriinure u3 pegaxropa (Ctrl + x).

1.2.3 OO6HOBUTE CIINCOK, U YCTAHOBUTE Psijl JIOTOJHATEIBHBIX PUIOZKEHUIT

# apt-get update
# apt-get install -y dialog sudo less i2c-tools evtest mc \

openssh-server resolvconf hwinfo net-tools bsdmainutils

1.2.4 BajaiiTe 1apoJib I 0JIb30BaTe sl TOOt, JIJIsl Yero BbI3OBUTE YTHIN-

Thl passwd IepesiaB eif B KauecTBe rapaMeTpa UMsl I0JIb30BaTe s

# passwd root

[Tocsie gero BBeuTE TOOt (BHUMAHME, KYPCOP JBUTATHCA HE OYJIET, 9TO MOJTUTH-
Ka Oe3ornacHocTu Linux, mpu BBOJIEe MAPOJIsd Kypcop He MepeMeIaeTcs, 9To Obl
HeJIb3s1 ObLIO YCTAHOBUTH KOJIMIECTBO CHMBOJIOB) U 3aBEPIIUTE BBOJ HAYKATHEM
kaaBumn Enter na kmaBuatype.

3aTeM cucTeMa MOMPOCUT TMOBTOPUTDH MAPOJIb, CHOBA BBEIUTE oot 1 3aBep-

HHTNBBBOﬂIﬂDK&THeMZKH&BHHHIEhmerfﬁtKﬂaBH&Type
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1.2.5 Hacrpoiite pabory cereBoro marepdeiica co cTaTUIECKUM aJIPECOM,

JJTst 9TOTO co3faiite daii B Karaiore /etc/network /interfaces.d/

# nano /etc/network/interfaces.d/ethO

1 BIIMIIWUTE TyJda CJICAYIOIIUE CTPOKM:

auto ethO
iface ethO inet static
address 192.168.100.200
netmask 255.255.255.0
network 192.168.100.0

[lepBast cTpoka onpejiessieT Korja HacTpanBaeTcs uHTepdeiic. Auto o3na-
vyaetr, aro npu 3arpyske OC. Hna USB anmanrepos, jaydine BeiOuparh allow-
hotplug, 1aro 661 cokpaTuTh Bpems 3arpysku OC.

Bropast ctpoka orpe/iesisier, 9To Oy/IeT UCI0Ib30BAThC CTATHIECKUil ip a/1-
pec, jajee nJIET KOH(MUTrypalus ajpecos.

Brixoaum u3 pejgakropa nano, Haxkas kombnnarmio Kiaasuin Ctrl+X. Bymger

3aJ1aH BOIIPOC O COXPaHeHUU m3MeHeHus: B daitie, >kmém Y u kiapuiny Enter.

1.2.6 YKaKnuTe UM KOMITbIOTEpa.

# echo baget > /etc/hostname

1.2.7 Ha sTom nepBoHadajibHast HACTpoiiKa dailioBoil crucTeMbl OKOHUIEHA.

Broriitanre n3 chroot.

# exit

1.2.8 Cxonupyiite nanky barebox ns karaJjora support B KOpeHb CO3IaHHOI

panee rootfs

# sudo cp -r $BAGET/support/barebox/ ./rootfs/
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B gannoii namnke JIe2KUT CKOMIMIMPOBAHHOE SJIPO OLEPAIMOHHOlN CHCTEMbI
Linux (vmlinux. .. ), ckommuinposantoe jgepeso ycrpoiicts (k5500vk018 rbm.dth)

1 CKPHUIIT BBITOJTHAEMBIi 3arpy3dnkoM (barebox.sh).

1.3 IlpoBepka

1.3.1 Berapbre SD kapty B [IK, 1 mojk/iounTe e€é K BUPTyaJbHOI MaIllTHe

Help
s U8 Audio >
wF Network - rchox ./
L7 UsB > 45 USB Settings...
. ﬁ Webcams »

Intel Corp. [0001]

SunpluslT Inc Integrated Camera [5422]
Generic Lenovo USB-C Mimi Dock [0004]
Lenovo Mini Dock [3103]
VIA Labs, Inc. Lenovo USB-C Mini Dock [0001]

Synaptics, Inc. [0164]

Generic Mass Storage Device [0100]

1.3.2  Heobxomnmo y3HaTh TOUKYy MoHTHpoBanus SD KapThl. OHa MOXKeT

OTJIMYATCA B 3aBUCUMOCTH OT PHUJIEpa, KOTOPBII MCIOIB3YeTCs JjIs pabOThI €
KapToil maMATu. [l yporennsi BBojia, BBITIOJIHITE KOMAaHJy B KOHCOJIU JIJIst

IIoJIy4deHMs1 CIIMCKa IIPUMOHTHPOBaAHHDBIX YCTpOﬁCTBZ

# mount | grep ~/dev

Komana grep cayxKuT ajst puabTpalius JUIIHero BbiBoga. Ha skpane Oymuer

IOKa3aH CINCOK OJIOYHBIX YCTPoiicTB. BriBo OyIeT IpUMepHO KaK Ha, PUCYHKE

$ mount | grep “/dev
5 on / e extd (rw latime,errors=remount-ro

1 on /boot/efi type relatime a 37.1 ars i 59-1,shortname=mixed,errors=remount-ro)
/sdbl on /media/student/3c 3dd ty, nosuid,nodev, relatime,uhelper=udisks2)
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[lepBble jiBe CTPOUKH, 9TO pa3/iesibl BUPTYAILHOIO XKECTKOIO JINCKA, Jlajee
Touka MoHTHpoBanus SD kaprter (/media/student/. . .)

M1t yupornenust BBojia, co3/afite BpeMeHHYIO0 CHCTEMHYIO TIePEMEHHYI0, KO-
Topast OyeT XpaHuThb myTh K Kopiio Ha SD kapror. g npumepa(!) na pucynke

BbIIIIEC:

# export BAGET_SD=\
/media/student/3c65af7a-5105-4c2a-aae5-081235¢c786d4

3aroMHaure:

Oma nepemennas Cyu,ecmsyem mosvko 6 MoM MEPMUHANE, 20€
OvLA 6bI36aH €TPOTL, 8 OCMAALHHT OKHAT MEPMUNAAG OHG HE CY-
WeCmByem, ecal 3aKpumb MeKyuLee 0KHO, U NOHAJOOUMCA Gbi-
36aMb IMY NEPEMENHYIO 6 IPpY20M OKHe, Heobrodumo bydem no-

8MOpUMB NPOUEIYPY NPUCBOEHUA.

1.3.3  ¥Ynaaure Bce daitsibl ¢ sd KapTsl

# sudo rm -rf $BAGET_SD/*

ckonupyiite co3januyo rootfs Ha sd kapry

# sudo cp -a $BAGET/lab_O1/rootfs/* $BAGET_SD/

u orMoHTHpYyHiTe SD Kapry

# sudo umount $BAGET_SD

JoxkauTech Korja KOMaH/Ia BBITIOJHATHCS, TTOCTEe 9ero JocTanbre SD KapTy n
BCTaBbTe €€ B IIaTy. D9TO BaxkKHo, Tak kKak B OC Linux 3amnmch mgaHHBIX HA
HOCHUTE/Tb MPOUCXOJUT B (POHE, U €C/I OTKJIIOUUTh HAKOIUTE/b «HEIPABIIb-
HO» TO €CTb INAaHC He TOJbKO He HaliTu JlaHHbIe Ha HOCHTEJE, HO U ITOBPE/INTH

daiiioBy1o cucremy, ¢ IOTEHINAJILHOI IoTepeil BceX JaHHbIX Ha HOCUTEJIE.
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1.3.4 [Hopkmounte USB kabesiem miary k [IK. I[Iposepbre, n npu Heobxo-
aumvoctn nojkrounTe USB yerpoiicteo FTDI RBM  C1K5500VK018 k Bup-

TyasbHoil Marmuie (memnio Device—USB).

1.3.5 Banycture nporpammy gtkterm

. student
Favorites *s

All Applications

Firefox Discover

Development

Games r ol
Dolphin Konsole Serial port
terminal

Graphics
Internet
Multimedia

Office Visual Studio

) Code
Science & Math

Settings

System

~a
E Utilities

OO Applications (#) Places Sle ¢ 3 Restart (") shutDown (¥

1.3.6  Broibepure nopr /dev/ttyUSB1 uepes mento Configuration-=>Port.

GTKTerm - fdevfttyS0 115200-8-N-1

File Edit Log Configuration Controlsignals WView Help
Port 5I'|iﬁ:+r:tr|.+5|

Main window

Haxkmure kaonky OK. Yo ObI B Oy/ay1ieM He MOBTOPATH HACTPOIKY, MOXKHO
COXPaHUTHL TEKYIIEI0 KOHMUIrypalmio Kak HadajabHyio. J[1g sToro BbiOepuTe

nyakT Configuration->Save configuration.
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Vim nogk/ounTech Mpyu MMOMOIY KOHCOJBHOM IporpaMMbl minicom, st
s1oro Haxkmute Ctrl-+Shift-+T st OTKpPBITHSA HOBOI BKJIAJKN B OKHE TEPMU-

HaJla, 1 BBIIIOJIHUTE KOMaHIYy

# minicom -D/dev/ttyUSB1

Ecnn B oKHe He MOSBWJICS TEKCT, U Ha HaykaTwe KJjaBuimm Enter tak ke
HET peakIny, HaXKMUTe Ha KHONKY Reset Ha miare. M3ydure BbIBOJI, Tam OyaeT
HAITICAHO, YTO IOIIJI0 HE TaK.

OjiH 13 BapuaHTOB, Korjia 1pu 3amucu daitjoB Ha SD kKapTy 9T0-TO I10-
omtoch (Tak Kak He MpaBUiibHO Oblia u3BjiedeHa SD kapra). B stom ciyuae,

MO>KHO H&6HIO,ZL&TI) B TepMHUHaJIe MHOZXKECTBO 3alceil Kak B IpuMepe Huz>Ke:

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: registered as mciO

srisa-sdhci 1b50b000.sdhci@1b50b000.0of: SDHCI timeout while waiting for
done

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: error on command 8

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: state = 0400 03ff, interrupt =
8001 0001

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: r0 00000000 r1 00000000 r2
00000000 r3 00000000

Hy:>xno nmoBTopuTh Bce maru 3Toro pasjesa. IIpu n3Baevenun SD kap-

ThI yOeauTech, UTO IJiaTa obecrodyeHa!

1.3.7 BeeuTe B KadecTBe JIOTMHA U HAPOJst TOOt.

[Tosnpasiisiem, Debian qucTpubyTHB yCIIENTHO 3aIlyIeH Ha ILIaTe.

1.3.8 BrikioanTe 1miatTy, JJ1d 9ero B Hadajle BBEINTEe KOMAHTY

$ poweroff

JdOXKINUTECh, II0Ka HE IIOABUTCA HaAIIMCh

reboot: System halt

nocsie yero orkaoudnTe USB kabesbs ot [IK nin miaThr.
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Ecin K mi1aTe moJik/1o9anch depe3 KoOMaH 1y minicom, Jjis BbIX0O/[a HaXKMU-

te Ctrl4+A a zarem X. Boibepure Yes u naxkmure Enter.

1.4 3amanue Jjd caMOCTOSTEJbHOII padbOThI

Brecurte m3Mmenenus: B konmio daitoBoit cucrembl Ha 1K, u 3anummure eé
Ha SD kapry mratol. B oOHOBJIEHWEN JOJIZKHBI OBITH YCTAHOBJIEHBI CJICTYIONINE

ITaKeTDbI:

e tree - JIyIsT BBIBOJIA B JIPEBOBUJIHOM (popMaTe MHMOPMAITIIO O COTEPAKITMOM

TEKylIero KaraJora, 1 €ero noakaTaJioron

e mc - Midnight Commander, cdhaitioBblit MeHezKeD, KOHCOIbHBIN (aiiio-

BRIl MeHeIzKep 11 Linux

e htop - uHTEepaKTUBHBIN KOHCOJILHBII MOHUTOD PECypCcoB
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JlabopaTopuaga padora Ne 2

O3HaKoMuTre / IbHas

Ienb: SanycTuTh miary, HOJAKJIIOYUTHCA K Hell yepe3 KOHCOJIb U 110 ceTe-

BOMY HHTepdeiicy, paboTa ¢ KHOIIKOI U cBeTOnoMaMu depes sysfs.

Onucanme: pabora ¢ OC Linux Ha 1esieBoii miaTdopMe MaJio YeM OT/InYa-
ercst oT padborsl ¢ panHoit OC Ha 00BITHOM KOMIbIOTEpe. Cpein ocobeHHoCTe
MOYKHO BBIJICJIUTH HAJUYINE MEHBIIEro Habopa MHCTPYMEHTOB, U PaboUunux Ipo-
IrpaMM, UTO JIeJIaeTCs JI/Isi SKOHOMUN CBOOOJIHOTO MeCTa U YCKOPEHUsl 3arpy3Ku
OC. Tak ke MOXKET OTCYTCTBOBATL MPUBLIYHBII padbounii cTOJ, a Bcs pado-
Ta CBOJINThCS K B3AWMOJIEHCTBUIO Yepe3 pabounii TepMUHAJ, OHA YKe KOHCOJIb.
st moaKII0UeHnsT K KOHCOJIM MOYKHO BOCIIOJIb30BaThbest naTepdeiicom UART
(on xxe COM mopT, wim moc/ie10BaTeIbHbII MOPT) WM TIPU MOMOIIN CeTEBOTO
coepuuennst (ssh min pexe telnet).

[Tpu 9TOM HY?KHO HOHUMATH, YTO BO3MOYKHOCTH PAOOTHI Yepe3 KOHCOJIb Ha-
CTPAMBAETCsI, U He BCerjia MOXKeT ObITh JIOCTYITHA [10-yMOJTIaHU0 (0ObIYHO BO3-
MOYKHOCTb CETEBOI'0 MMOJIKIIUYEHNsT OTKJIIOYAIOT, JJjId ITOBBIINIeHNsT 6e3011aCHO-

cTn).

Ilose3Hble cChLIKNT:

1. Xabp: Koporko 06 SSH.
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https://habr.com/ru/sandbox/166705/

2. man7.org: sysfs.
3. EmbeTronicX: sysfs.

4. Kernel Doc: GPIO Systs Interface for Userspace.

2.1 3anyck m noakJo4deHne K yCTPOMCTBY

2.1.1 3anycTuTe BUPTYa bHYIO MaliuHy. JIorus u maposib j1ist Bxoja: student

/ usrstudent.

2.1.2 [Tonkmounte o USB mnaty k IIK. ITposepbre, 1 ipu HEOOXOIUMOCTH
nojkaounte USB ycrpoiicteo FTDI RBM  CI1K5500VKO018 x BupTya/ibHOi

marmne (menio Device—USB).

2.1.3 Orkpoiite mporpammy gtkterm, u moax/rountecs K mopry /dev/ttyUSB1,

I OTKPOIiTe KOHCOJIb B BUPTYaJIbHOII MalllHe, U BbI30BETE YTUIUTY Mminicom.
2.1.4 Ecim B okHe TepMHUHAJa HET TEKCTa, HAXKMUTe KjaaBuiny Enter na
KJIaBuaType. B okHe Mo/2KeH TMOSABUTCS CJIETYIONIIIT BHIBOJ:

GTKTerm - /dev/ttyUSB1 9600-8-N-1

File Edit Log Configuration Controlsignals WView Help

kmki4634066F010095 login: [§

Beeaure jiorud root n mapoJib root.
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https://man7.org/linux/man-pages/man5/sysfs.5.html
https://embetronicx.com/tutorials/linux/device-drivers/sysfs-in-linux-kernel/
https://www.kernel.org/doc/Documentation/gpio/sysfs.txt

2.2 Iloakiiodyenue 1mo cereBomy mHTepdeiicy

PaccmoTpum kKakme maru HeoOXOAUMO BBIIOJIHAT, JIJIsi TONO, 9YTO Obl MOXK-
HO OBLJIO OPraHN30BaTh CeTeBOe MOAKJ/IIUEHIE K I1JIaTe, JJis oIy YeHne J0CTYIIa
K KoHcoJin n paitioBoii cucreme depe3 SSH coennnenne. Tak ke HacTpoiikm,
KOTOpbIE OYJIyT BBIIOJIHEHBI B JJAHHOM pasjieie IOMOTYT B JlaJbHEHIIeM KOIn-

poBaTh dailyibl Ha ATy Yepe3 KOMaHJy SCp.

2.2.1 IIpoBepbTe Tekylue HACTPOKKN nHTEpdeiica eth() BbIIOJIHIB KOMaH-

Ay:

$ ip -4 addr show dev ethO

[Iposepbre pesyabrart, [P ajapec miarer momxken obith 192.168.100.200

inet 192.168.100.200/24 brd ... scope global ethO

Pesynbrar oTobparkaer nH(OpPMAIUIO 110 BhIOpaHHoMy uHTepdeiicy, B JaHHOM
caydae MHTepeC MPEJICTAB/ISIeT aJpec yKa3aHHbIi 1mocye cioBa inet. dto [P a-
pec, KOTOPBIit TPUCBOEH TLIATE.

Ecsm inet ajpec omiimaaercs, To yaaanTe TeKynuii ajgpec (Bmecto <inet  val>

BITUIIIATE &IPEC, KOTOPBIH 0TOOPa3NICs B KOHCOJIN)

$ ip addr del <inet_val> dev ethO

3aTeM yCTaHOBUTE HOBbﬁiaﬂp€CI«HAaHﬂOﬁ

$ ip addr add 192.168.100.200/24 dev ethO

JLHH aKTnBallull N3MEHCHUA HGO6XQHHMO IIEPEIOAKIIIOYNTCA, IJIdd 9€r0 BBLIIIOJI-

HUTE CJIeTYIONe KOMAaH/IbI

$ ip link set ethO down

$ ip link set ethO up
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2.2.2 [Tposeprwre, uTo Ha miate 3amyiien SSH cepsep. [IpoBeputh 0TKpHI-

ThI€ IIOPThI yCTpOIQ/JICTBa7 BBIIIOJTHUB KOMaH/YV:

$ netstat -tulpn | grep LISTEN

L -tulpn grep LISTEN

LISTEN

Ecim BbIBO/la, KaK Ha KapTHHKaX BbIIIE HE II0ABUJIOCH, TO BBITIOJIHUTE KOMaH/TY:

$ systemctl start sshd

U [IPOBEpPbTE CHOBA.

2.2.3 3axo/uTh 4Yepe3 ceTh B I0JIb30BaTe sl root He 6e301acHO, MO0ITOMY
CO3/1aJIUM TI0JIb30BaTe/Is s JaabHelinell paboThl Yepe3 ceTeBoil nHrepdeiic,
JJIsT 9TOTO BBEUTE CJIEYIONIIHE KOMAH/IBI (IAapOJIh JJIst TIOJIb30BaTe st netuser -

usrnetuser):

$ useradd -s /bin/bash -m netuser

$ passwd netuser

[lepBas KoMaH1a /sl CO3/JaHUS HOBOTO 110JIb30BaTe s netuser ¢ co3panneM
noMariHero karajora (/home/netuser) n takyke HazHAYAeM JIJI HETO MHTEP-

nperaTopa KomaH bash.

2.2.4 [ToakmounTe cereBoil mHyp K padodemy IIK u miare

2.2.5 OTKpoiiTe HA BUPTYAJIbHON MaIllMHE KOHCOJIb, HaKaB Ha KJIaBHATYPE

komonnamuio kiaasuin Ctrl4+Alt+T.

2.2.6 [IpoBepbTe, UTO ceTeBoOe MOJIK/II0UEHNE K I1JIaTe YCTaHOB/IEHO, JIJI 9TO-

ro BOefiTe KOMaHTy

# ping 192.168.100.200 -c 4
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BriBo1 J10/2KeH OBITH KaK B MPUMeEpe HIZKe (BPEeMsT MOYKET OTJINIaThCS )

PING 192.

64
64
64
64

4 packets transmitted,

bytes
bytes
bytes

bytes

168.100.200 (192.

from
from
from

from

192.
192.
192.
192.

168.
168.
168.
168.

100
100
100
100

168.100.200) 56(84) bytes of data.

.200:
.200:
.200:
.200:

icmp_seq=1
icmp_seq=2
icmp_seq=3

icmp_seq=4

192.168.100.200 ping statistics ---

rtt min/avg/max/mdev

ttl=63
ttl=63
ttl=63
ttl=63

time=1.

.06

time=1

time=1

time=1.

4 received, 0% packet loss, time

1.061/1.253/1.497/0.161 ms

17

.29

50

ms

ms

ms

ms

3010ms

2.2.7

Brejinre KoMaHIy:

# ssh netuser@192.168.100.200

2.2.8

Byser npejijioxkeHo BBeCTH TApOJIb M0JIb30BaTe A, BBOJUM TOT, UTO

YCTQHOBWJIN B IIyHKTE ¥ TI0JIy4aeM JIOCTYII K TepMUHAJY IJIATHL. (B TeKy-

IeM TepMUHAJIe, CTPOKA BBOJIA KOMAH, bl Oy/1eT HAaunHATHCs ¢ Ha ey netuser@baget:~$

Ecan Bmecto BBOJa IIapOJid, B KOHCOJIM I10ABUJIaCh HaJIIMCh ITOXOXKYIO Ha:

The authenticity of host

established.

ECDSA key fingerprint is

Are you sure you want to continue connecting (yes/no/[fingerprint])?

’192.168.100.200 (192.168.100.200)° can’t be

SHA256 : +0SEJhr2dIiTvlWZxq5fZ0UFdYYY+egbTgabe6F7zZE.

BBG,ZLI/ITG yYes U HazKMUTE Enter, 1 IIOBTOPHO BE€AUTE 11apOJIb.

Ecnn xe IIOJIYYUTE BbIBO/J KaK Ha KapTHMHKE HH2KE
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It is also possible that a host key has just been changed.
The fingerprint for the ECDSA key sent by the remote host is
SHAZ56 : BYNVHNTNNSB828eLBNE12XPC1I+TInBgBAFKAZYEY jnw.
Please contact your system administrator.
Add correct host key in /home/student/.ssh/known_hosts to get rid of this message.
Offending ECDSA key in /fhome/student/.ssh/known_hosts:1
remove with:
ssh-keygen -f "/home/student/.ssh/known_hosts" -R "192.168.100.200"
ECDSA host key for 192.168.100.200 has changed and you have requested strict checking.
Host key wverification failed.
lost connection

Broinosnnre KOMaH/IYy

# ssh-keygen -f "/home/student/.ssh/known_hosts" -R "192.168.100.200"

W BEPHUTECH K MYHKTY [2.2.7]

2.2.9 3aBepiinTe ceaHc, BBIIIOJIHIUB KOMAHJY exit.

2.3 Hacrpoiika gocTtylia 110 KJIIO41y

SSH nojk/ouenne MOXKHO OpraHn30BaTh 0e3 HeOOXOAMMOCTH BBOJIa HAPO-
Jisl, JIJIsI 9TOr0 UCIOJIB3YIOTCs Kiroun mudpoBanus. [Ipu sTom cosmaéres jiBa
KJII04a, OJIMH KJII0Y IIPUBATHBII, KOTOPBII OCTaeéTCsd Ha MalllMHe, ¢ KOTOPOIi 11j1a-
HUPYETCsI OCYIIECTBISATH JOCTYII, U BTOPOM - MyOJIMIHBIH, /s JJoOaB/IeHns Ha

cepBepa (WK YAAJEHHBIE CHCTEMbI) K KOTOPBIM HEOOXO MO TTOTKTIOTNTCSI.

C 9
o)y
o
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2.3.1 B TepmuHaJie BUpTyaJbHON MAIWHBI cO3/1afiTe apy W3 MPUBATHOIO

1 yOJIMTIHOTO KJIIOYei:

# ssh-keygen -f /home/student/.ssh/id_rsa

Byner 3ajian Bornpoc o myTH u uMeHH baiijia ¢ MpUBATHBIM KJIOYOM (11y0-
JINYHBIN OyJIeT JIeXKaTh TaM ¥Ke, C TeM »Ke UMEHEM U JOMOJTHUTEIbHBIM Cy(DdUK-
coM .pub), TyT ocTaB/IsIeM MOJI BBOJIA IyCTHIM, U *KMEM KHOIKY Enter.

Hayee Oymer npejioXKeHHO yKa3aTh passphrase. Buumure cioo s3crdt, u
naxxkmure Enter. ITociie gero ny»kHo OyjeT BHOBb IMOBTOPHUTDH €I0. DTO IO CYyTH
apoJib KOTOPBI HY»KHO OyJieT yKa3aTh, 9TO Obl BOCIIOJIB30BATCS CO3/IaHHBIM
KJIIOUOM, UTO IO3BOJIUT JIOIOJHUTEIbHO 00€301acuTh (Daill-K/Irod, TaK KakK B
caydae ero yTedkH, 3JIOYMBIIIJINHUKY TPUJIETCS JAONOJHUTEIBHO y3HATH ITY

dpazy, mepe TeM KakK BOCIOJIB30BATCA (DaiijI-KJIFOUOM.

3aroMHunre:

B dannom cayvae, ucnoavdyromces cmandapmmvie Hacmpotixu, 00-
HAKO HA HUL MOHCHO NOBAUAMD, 6 YACTHOCNU 2EHEPUPYEMBLT KAI0Y
Ha 6aze RSA wugpposanus, ¢ daurnnot xaroua 6 2048 bum, wmo
cuumaemcs besonacnvim, o do 2030 200a. B cayuae, ecau naama
umeem docmyn 8 2400GA6HYI0 CEMb, PEKOMEHOYEMCA YCMAHABAU-

sambv dAurny KA0ua He menee 3072 buma:

# ssh-keygen -t rsa -b 3072

Yepes war04 t MootcHo 6vibpams aszopumm wudposanus. Hngpop-
MAUUI0 0 JOCMYNHBILT AN20PUMMAT WUPPOBAHUA CNUCKE KA0UET
O 3GNYCKA NPUAOAHCEHUA U M.0. MOHCHO NOAYHUMD BVINONHUG

CAEQYIOULYI0 KOMAHOY:

# ssh-keygen --help

ualY
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# man ssh-keygen

2.3.2 CrommpyiiTe MyOJUIHBIN K0T Ha TIATY

# scp /home/student/.ssh/id_rsa.pub \
netuser©192.168.100.200:/home/netuser/

2.3.3 [IepeiiinTe B TEpMIHAJT ILJIATHI, U JOMUIINATE KJII0Y B aill ¢ KJIrodaMu

aBTOpPU3allun

$ cat /home/netuser/id_rsa.pub >> /home/netuser/.ssh/authorized_keys

2.3.4 Ynanure daityt ¢ myOJIMIHBIM KJII0UOM

$ rm /home/netuser/id_rsa.pub

2.3.5 [IpoBepbTe HouKIIOUEeHHE K 11aTe 110 Ssh

# ssh netuser@192.168.100.200

Ecnn Teneps sanpammsaer cekpernyio ¢pasy (passphrase) ¢ ykasannem IyTn
K TpuBaTHOMY Kitfody: '/home/student/.ssh/id rsa’ smauur BCé ciemano mpa-

BUJIBHO.

2.3.6 JlobaBbTe B K3III cecCUy BUPTYaJJIbHON MallMHbI CEKpPeTHYIO (pa3sy,

4yTO OBl HE BBOJAUTH €€ IPU KaxKJI0M OOpallleHuN K ILIaTe:

# ssh-add

BIIMIIIATE CeKpeTHYI0 bpa3y u3 nyHkTa [2.3.1l Tenepb ajs Bxoja 1o ssh B Tep-
MUHAJI TLJIAThI, WK KOIUPOBAHUsS JAHHBIX 110 ssh mporpammoit scp, He HyzKHO

OyzeT yKa3bIBaTh IIapoJieil Wi ceKpeTHLIX (pas.
3armomMuanre:
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ssh-agent amo menedorcep xarouets ons SSH.

ssh-add nossoasem dobasumsv 6 "namsams "ssh-agent xarouu. Odna-
K0 ama cucmema pabomaem 00 nepe3azpysku UPMYaLoHOT MAULU-
wot. IIpu nosom 6xode, neped nepswvim 63aumodeticmsuem ¢ naamotl

Hyotcho bydem dobasasmo kaovu 6 "namamos "ssh-agent’a.

2.3.7 dunabHasg MPOBEPKa

# ssh netuser@192.168.100.200

[Tocse 3anpoca Ha MOJAKIIOUEHNE Cpa3y JIOJIZKEH TPOU30ITH TIEPEXO/T B TEPMUHAJ

IJIATHI, O3 3aIpoca MapoJisd UIN CeKPeTHON (hpasbl.

2.3.8 SaBepiuTe ceccuio 1o SSH 3aKpbIB TepMUHAJI, UM HaOPaB KOMAaH/LY.

$ exit

2.4 Amnnaparsbiii Hello world

B 970it yacTu Oy1eT moka3aHo, Kak MOyKHO yIIPaBJISTh BHIBOJAMUI MUKPOKOH-
TPOJLIEPA, JIJIsd TePEKJTIOUEHNs] CBETOIMO/I0B U CUNTHIBAHUS COCTOSTHIS KHOIIKH,
IIPU IIOMOIIN BUPTYaJIbHOI (hailaoBoii cucreMmbl sysfs.

st padbors! ¢ nepudepueit B OC Linux moMuMo IIpodvero ecTb JIBe BUPTY-
asibHbIe (hbaiiioBble crucreMbl: procfs (Touka Bxoja /proc) u sysfs (Touka Bxoja
/sys).

Systs akcropTupyer B IPOCTPAHCTBO MOJIb30BATE T HHPOPMAIHIIO sijipa Linux
O HPHUCYTCTBYIOIINUX B CHCTEME yCTPOWCTBAX U JipaiiBepax, UTO I0O3BOJISET HE
TOJIBKO CYUTBHIBATH 3HAUEHUE (HANPUMED C JATIYNKOB TEMIIEPATYPhI), HO U Me-
HSITH [TOBEJICHIE, €CJIN 3TO OBLIO 3aJI02KEHO pa3paboTInKaMu JIpaiiBepa.

3a dpopMupoBaHIe HAIIOJHEHNsT BUPTYAJIbHBIX (PailJIOBbIX CUCTEM OTBEYAIOT
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B TOM 4HCJIe U MOJYJ/IN sjipa Linux, KOTopble BBIIOJIHAIOT POJIb JpaiiBepa, ecn

pedb UJET PO B3aUMOJIEICTBIE ¢ TIepUgEePUITHBIM MOTYISIMU.

2.4.1  Tlepeiinure B Karajor /sys/class/gpio:

$ cd /sys/class/gpio

2.4.2 BeiBeuTe crincok (hajioB U KaTaJoroB B TEKYIIel JTUPeKTOPUN:

$ 1s -1

t
t
t
t
t
t
t
t

[Tepsblit n ocae Uil hailIbl NCIOIB3YIOTCA /I TOTO, YTO ObI MTOIKII0YATH
(export) mpaiiBep Jjisi yIIPABJIEHUs OTIEJIbHBIM BBIBOJOM B (ailioByIo cucremy
sysfs win orkrouaTs (unexport).

Hamnee njaeT cepnst CMMBOJILHBIX CCBIIOK HA KATAJOTH, KaXK bl N3 KOTOPBIX
ONUCHIBAET OJIMH OAHK CHIHAJOB BBOJA-BbIBOja obmiero naznadenus (GPIO).
TyT HyKHO OTMETHTD, UTO B pabodem unie npucyrcrsyet 6 6ankos (A, B, C,
D, E u F), o 8 BBIBOJIOB B KaKJIOM, TI0 9TOI IPUYNHE MbI BIJINM 6 KATAJIOrOB.

ObpaTuTe BHIMaHUE Ha UMEHA KATaJI0roB, BHYTpH KaTaJjora platform. ITep-
Basl 9aCTh UMEHU sIBJIAETCs OA30BBIM aJIpecoM TepudepuitHoro Mo IyJisi, OTBe-
JaIoIero 3a yipanjeHne baHkoM BbIBOJIOB. [lepBomy OaHKy BbIBOJIOB A €OOT-
BercTByeT ajpec 0x1B400200, ocraibubie 110 BO3pacTaHUIO.

Tak »xke oOparuTe CBOE BHMMaHue, YTO B JIaHHOII cOOpKe, HOMepa (ailjioB
gpiochip ymenbmmatoresi(!), Tpu IPOBIZKEHIN OT BBIBOJIOB B OaHKe A K BBIBOJIAM

B Oanke F.

30



2.4.3 Y BBIBOJIOB 00IIlero Ha3HadeHUs B paMKax sjpa Linux HyMmeparus
cKBO3Hasd. Takum oOpa3oM, MOXKHO OIPEJE/UTh, YTO BLIBOJ IMOJKJIIOUEHHBIIH
K kHorke SW2 (6ank D, BbBog 6) maxomnthesa moxn Homepam 486 (480 + 6).

BoimoinuTe c/ieyontyio KOMaH/Iy:

$ echo 486 > export

244 BolinotHITE 9TY K€ KOMAH/Iy JIJId 9KCIOpTa Maphl BLIBOJIOB OaHka F

(464 u 465)

2.4.5 [Tocste Kaxk 101t KOMaHIbI Oy/IeT co3jian KaTajor ./gpioXXX rje Bume-
cro XXX Oyzer HoMep BbIBojia. Fcim 3aiiTu B 1000 M3 9THX KATaJIOTOB, TO

MOXKHO YBHUJIETb TaM OJIMHAKOBBII HaOOp (ailioB, HO HAC MHTEPECYIOT CJIEIYIO-

iue:

e direction — 3aaér HampaB/eHne BbIBOJA (in BBIBOJ HACTPOEH KaK BXO/I,

out — Kak BbIXO/]I)

e value — ec/m BBIBOJ HACTPOEH KaK BXOJ, TO YUTasg 3TOT (aill MoKeM
y3HATH YPOBEHD JIOTHIECKOTO CUTHAJIA Ha BBIBOJIE. e HacTpoeH Ha BbI-
X0/, TO 3anuch B 3ToT daiiy 0 uan 1 Oyaer ycranaBImBaTh COOTBETCTBY-

IOIUIT YPOBEHD BBIXOJHOI'O CUTHAJIA.

2.4.6 Tax xak JBa BbIBojJa Oanka F ynpapisioT cBeTOIMOJAMU, U3MEHUM

3Hadenue B daitie direction s Hux Ha out

$ echo out > gpiod464/direction

$ echo out > gpio465/direction

2.4.7 [TepexsrouaTh cBeTOAMOABI MOXKHO 3amnucbio 0 wian 1 B daitn value

COOTBETCTBYIOIIECI'O BbIBO/Ia
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$ echo 1 > gpio464/value
$ echo 0 > gpio464/value

2.4.8 [ B3AMMOIeiCTBIS ¢ KHOIIKOW MEHSATh HUYEero He Hy»KHO. J71s1 y100-
CTBa OTJIJIKN 3aIlyCTUTEe CUNTBIBaHMe (pailia depe3 yTuanTy watch mossouisiio-

IIYIO BBIIIOJIHATH 3aJaHHYIO KOMaH/y Y€pe3 YKa3aHHbII7I MHTEPBaJl BpEMECHU.

$ watch -n 1 cat gpio486/value

[Tocsie yero mozkere HayKUMaTh KHOIKY, I CMOTPETH KaK MEHsIeTCsl 3HAUCHIE
cauTannoe 3 daitta. B gannom npumepe gaita Oy1eT cIuThIBATHCS KayK1yIo

cekyHy (M3-3a mapameTpa -n 1 mepeaHHoro MpH 3allycKe yTuaure watch).

2.4.9 OcranoBure paborTy mporpaMmbl watch komOuHaImen KaaBuIi
Ctrl + C
2.4.10 Brikounre miaty, Jiid 9ero B Hadajie BBEINTE KOMAH/TLY

$ poweroff

JO2K/INTECh, KaK IMOABUTLCA HaJAIINCh

reboot: System halt

nocsie yero orkaoudnTe USB kabesis ot [IK nin miaThr.

2.5 3aganHme AJisI cCAMOCTOATEJILHOI pabOoThI

DKcroprupyiire Bce BbIBOJIbI OaHKOB F 1 E, 1 BK/IIOUNTE BCE CBETOIMOIBI.

* Hammcarn bash ckpunt, KoTopblii OyaeT ge1aTh 3KCIOPT HY?KHBIX BLIBOJOB,
ec/I HeOOXOAMMO, 1 B 3aBHCHMOCTH OT TOTO, HayKaTa KHOIIKA MM HET I00Ye-

PEJIHO BKJIIOYATH MJIM BBIKJIIOYATh BCE CBETOJMO/IbI C 3aJIepPKKOil B 1¢c MexK 1y
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HEPEKJIIOIECHNAMMN.
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JlabopaTopHaga padora Ne 3

Monayabs sapa

Ienns: Coopka mojyiist sijipa, padbora ¢ device tree.

Onucanme: B OC Linux Bblje/isieTcsi JiBa IPOCTPAHCTBA: ITPOCTPAHCTBO
siipa (Kernel Space) u nosp3oBaresibekoe mpoctpanctBo (User Space).

DTu 1Ba MPOCTPAHCTBA Pa3JIeIeHbl MKy cOo00il, 1 B3auMOIeicTBIE MO-
JKET NPOUCXOAUTE TOJILKO IIPHU IIOMOIIH CIeIMAJILHOIO CUCTEMHOro nHTepdeiica

(System Call Interface).

Ilone3Hble cchblIKMT:
e Linux Kernel Labs: Character device drivers.
e DiGi: Use Device Tree Overlays to Patch Your Device Tree.

B npoctpanctse sijpa paboTaeT, Kak He yauBUTEIbHO, caMo stiapo OC, a Tak
JKe ero MojyJi (KOTOpble MOTYT ObITh BCTPOEHBI B OCHOBHOE SIJIPO, UJIH MOTYT
OBITH TIpeJicTaBIeHbl daiiiamu B rootfs ¢ pacmumpenuem ko).

[Tosib30BaTe/IbCKIE TPUIOXKEHN U O1O/IMOTeKN PAbOTAIOT B 110JIb30BATE b

CKOM IIDOCTPaHCTBE.
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https://linux-kernel-labs.github.io/refs/heads/master/labs/device_drivers.html
https://www.digi.com/resources/examples-guides/use-device-tree-overlays-to-patch-your-device-tree

User applications
_ USER
SPACE
GNU C Library (glibc)
GNU/ _
i System Call Interface
KERN E|_ | KERNEL
SPACE

Hardware platform

Anpo OC Linux ymeer paborarh ¢ HOArPYzKaeMbIME MOJYJIsIME (€Cju 9Ta
orius ObLTa AKTUBUPOBaHA IPH COOPKe si/ipa). B KauecTBe 0TI IbHBIX MOTYJIel
MOTYT BBICTYTIATH KaK ONpeJIeIEHHbIE CEPBUCHI, TTPEIOCTABIIIEMbIE sI/IPDOM, TaK
1 JIpailBepbl YCTPOICTB.

B OC Linux BBLJIEJSIIOT TPU OCHOBHBIX THIIA YCTPOHCTB:

® CHIMBOJIBHOE YCTPOICTBO — IIpejicTaB/eHbl B (bailjioBoil cucremMoii, MIHI-
MaJIbHBIT 0OBEM JIAHHBIX OMH CHUMBOJI (Min GaiiT), TpUMepbL: KJaBHa-
Typa, MbIllb, TPUHTEDP, TAUCKPUH, dKpaH, Kamepa, Spl ycTpoiicTBo, 12¢

YCTPOICTBO 1 T.JI.

e OJIOYHOE YCTPOICTBO — TpejcTaB/ieHo B (ailoBoit cucrteMe, MUHIMAb-
HBIfT 00BbEM 3TO OJIOK JIAHHBIX, padoTa BEJAETCA IyTEM MOHTHPOBAHMS

ycTpoiicTBa. [IpuMmepbl: KapThl MaMaTH, KECTKUE JTUCKU W IIP.

® IIaKeTHOE YCTPOICTBO — He IPeJICTaB/IeHO B (hailjoBoii cucreme, yCTpOii-
CTBO JIJIs1 B3aUMOJICHICTBIUS TTaKeTaM, IIPUMEpPHI: ceTeBoii nHTepdeiic, Wi-

Fi, Bluetooth u T.1.

B nannoit pabore, MbI co3/auM abJIOH JIJIg CHMBOJILHOIO YCTPOWCTBa, €
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KOTOPBIM MO2KHO 6ygeT BSaMMOﬂﬁﬁCTBOBaTb qepe3 I10JIb30BaTE/ILCKOE IIPUJIO-

2KEHUeE.

3.1 Coopka MomyJist

3.1.1 3amycTuTe BUPTYaIbHYIO MaliuHy. JIorms n mapoJib i1 Bxojta: student

/ usrstudent.

3.1.2 [Tonksmounte 1o USB miaty x [TK. [Iposepbre, n ipu HeOOXOIMMOCTH
nojkaounte USB yerpoiicreo FTDI RBM  C1K5500VKO018 k BupTyaJibHOI

marmnae (Mernio Device—USB).
3.1.3 OrkpoiiTe KoHCcOIL KoMOuHarueii Kiaapuin Ctrl4+Alt+T

3.1.4  JloGaBbre Kyoum B ssh-agent

# ssh-add

Brummure dpazy 3ajjaHHYIO B IIYHKTE

3.1.5 CozpaiiTe pabounit KaTaJjor

# mkdir -p $BAGET/lab_03

3.1.6 CkonmpyiiTe B Hero paboune daitib

# cp -r $BAGET/support/mychar $BAGET/lab_03/

3.1.7 [IepeiinTe B pabouuii KaTajaor u 3amycTure vscode

# cd $BAGET/lab_03/mychar; code .

3amMeuyaHue:
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IIpu nepsom 6xode, cucmema modHcem cnpocums 0 JdOGEPEHHOCTNU

a6MoPa, HYHCHO HAHCAMD HaA KHONKY Yes,

Do you trust the authors of the files in this folder?

files in this

Trust the authors of all files in the parent folder 'student’

No, I don't trust the authors
Browse folder in restricted mode

Click->

3.1.8 Hobasbre myTeit s pasperenust yactu include gupexktus. OTKpoiiTe

.vscode -> ¢_cpp_ properties.json
3amMmeuaHnue:
Ecau amozo gatina nem, mo neobrodumo 20pANUMYU KAGBUULAMU

Shift+Ctrl+P ewszsamv noae 660da Kommand u eviopamv C/C++:
Edit Configuration (JSON)

e -

~ MYCHAR

{} launch.json

{} settings.json

3.1.9  Haiigure nosie includePath, mocrasbre 3amsityio mocie “${workspaceFolder} /**

U JOIINHIINTE CJICAYIONE CTPOKMU:
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"configurations":

"name" :

JJIs1 y100CTBa, BOCTIONb3YyiiTech haitiom vscode lines.txt B karasore support.

Ctrl+4-S st coxpanenust

3.1.10 Orkpoiite Makefile. Pazbepém ocHOBHBIE MOMEHTDI

obj-m - TyT MBI 3a/1aéM nMsT 0OOBbEKTHOTO (haiiyia BepxHero ypoBHs (daiiia
13 KOTOPOT'O TI0 UTOTY OyeT coOpaH MOYJIb).

chardev-y — onmcbiBaeM n3 Kaknx 0OBEKTHBIX (hailioB OYJIeT cOOMpAaThCs
UTOTOBBIIA.

KERNEL SRC — tyT MBI co3/1aéM niepeMeHHy1o, KoTopast OyJeT XpaHuTh
MyTh K 3aro/IOBOYHBIM pailjiaM sjipa.

SRC — B 9T0il epeMeHHOl MBI 3alIChIBAEM IYTh K MUCXOJIHUKAM MOTYJIS,
yepe3 BbI30B yTuuThl pwd. Takum obpazom, MOKHO pabovyio HMAIKy IepeHo-
CUTb KyJla yrojHo, 6e3 pydHbIX npaBok. [Ipu cObopke Mojy/ist, TEKynuil 1myTh
mensierces Ha myThb KERNEL SRC, nostomy 1myTh K MCXOHIKAM MOJIYJIS SApa
JIOJIZKEH OBITH aDOC/IIOTHBIM.

all: — cImcok KoMaH/I BBIIIOJIHSIEMbBIX IIpU COOPKe

clean: — crmcok KOMaH/, BBITIOJTHACMbBIX IIPHU OYUCTKE

3.1.11 Uszyunm conepxxkumoe daityia mychar init.c.
B nannom daiijie comgep:KuTcss MUHUMAJIbLHBIN HaOOP KoJia, HEeOOXO UMbl
JUIst COOPKHU MOJYJIsI sijipa, U JJIsi ero (pyHKIIMOHUPOBaHUs B cucreme. Hy»KHO

IOMHUTD, UTO JaHHBIIT KOJI BBIOJIHsIeTCs B ipocTpancTse spa (Kernel space),
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COOTBETCTBEHHO HE BCE MapauIMbl 1 (PYHKIINN PUBBIYHbBIE 110 PAdOTE C IIPUJIO-
JKEeHUSIMU TYT OyIyT paboTarh, XOTsl OOJIBIIMHCTBO U3 HUX UMEIOT TYT aHAJIOTH
(Tak K mpuMepy BbI30B (DYHKIMI BBIBOJA TEKCTA Uepe3 CTAHJAPTHbIN TOTOK
BbIBOJIA - printf, mpuBenér K ommbOKe KOMIIMJISIIIUN, U BMECTO Heé HY»KHO HC-
IT0JIB30BATE €6 amaJior - printk).

Ob6patuTe BHUMaHUE Ha CTPYKTypa B paiioHe 36 cTpoKU. DTa CTPYKTypa
CYUTBIBACTCS sIJIPOM, IIPH OOpAINEHUN K MOJLYJIIO, JIJIsl YCTAHOBJIEHHUS CBSA3U
MEK/Ty KOMAaHJIaMU, OTIPABJISIEMbIMU Yepe3 CUCTeMHbINH uHTepdeiic, 1 GyHK-
IUSIMU, KOTOPbIe UX OYJIyT UCHOJHATEL. TakuM 00pa3oM, JIOCTUTAETCS BO3ZMOZK-
HOCTH UCKJ/IIOUUTb KOJUIM3UI MPU paboTe MHOXKECTBA Pa3/JNYHbIX JIpaiiBepoB.
[To Toii ke npudrHe PeKOMEHYeThCsI BCe CTPYKTYPhI U (PYHKIIMH OObSIBIATD C
KJIIOUEBbIM CJIOBOM static.

Cretytonuit MOMEHT, 9TO CTPYKTYPpa 00bsaBIsieMast co cTpokn 25. [TlapameTp
.compatible ucrnosib3yercs sgpom, Tpu CKaHUPOBaHUN JiepeBa ycTpoiicTB. U npn

HaJIW9NKW COBIIaJCHUA, aBTOMAaTHYICCKHU 3al'PyzKa€T MOAYJIb Apa.

3.1.12  Ilocmorpute Ha cojepxkumoe daitia mychar dev.c. B atom daii-
JIe OIKCAH MPOIECC MHUIUATN3AIINNA CUMBOJBLHOTO YCTpoicTBa ((byHKIM int
srisa_ pdrv_chinit(struct platform device *pdev)), cosnanue daiiia-3arayixy
B namnke dev st IOCTyIA K KOHKPETHOMY AllapaTHOMY MOJYJIO (B JaHHOM
caydae, MOJIYJ/b sijipa PacCInTaH Ha HaJUYIUe TOJBKO OJIHOIO 00bekTa, (ail
nocryna oyier /dev/srisa_pdrv) a rak ke peasmsanus API BbI30BOB, ajipeco-
BAHHBIX JJAHHOMY YCTPOiicTBY (OTKpbITHE (haiijia, 3aKpbiThe (aiija, CInThIBa-
HIe U 3amnuch JaHHbix). O6parure BHUMaHWe Ha (YHKIMNH pabOTHI ¢ JAHHDI-
mu (srisa_ pdrv_read um srisa_pdrv__write), 11 oOMeHa JTAHHBIMEI MEZKJTy USer
space u kernel space mcrnoib3ytoTcs creruajibible pyHKIun copy to user m

copy from user.
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3.1.13 Ecim KIMKaTh MBIIKON Ha BbI3bIBAEMYIO (PYHKITUIO, TIPU 3axKaTOi
kjapuire Ctrl, To pejakTop OTKpoeT peasn3alinio 3Toil GyHKINUNA B OT/IE/IbHOI
BKJIQJIKe (ec/In peau3alins HaXoJAuThest B pyroM aiise). [lonpobyiite, Tak
KakK Jiajee 9TOT (pyHKIIMOHAJ MOHA00ONTHCs, MTPU BBIMTOJTHEHIH CAMOCTOSTE b

HBIX paboT.

3.1.14 [Tepeiture B Tepmunas (MokHO OTKPBITH BKJIaIKy TERMINAL B
vscode, eciii eé He BuJHO, BbIOepuTe B MeHto Terminal -> New Terminal) u

cobepuTe MOAYJb SApa KOMAHJIOM

# ARCH=mips CROSS_COMPILE=mips64el-linux-gnuabi64 - make

3.1.15 B pesy/ibrare KOMIIISIIUN B KOHCOJIM JIOJI2KEH OBITH CJIeJYIOIIIi

BBIBO/I

$ A OMPILE=mips64el-linux
ome/stud

! ar .
Lnec ! /lab_03/mychar//mych
/ de/Linux/module.h:137:7: ' cleanup_module C
137 | wvoid (void) __attribute__{

/home/student/baget/lab_03/mychar//mychar.c:74:1: in expansion of macro 'medule exit'
74 | (srisa_pdrv_exit);

|
/home/student/baget/lab_03/mychar//mychar.c:70:20: 'cleanup_module' target declared here
70 | static void __exit (void)

|
In file included from /home/student/baget/lab_83/mychar//mychar.c:1:
. /include/1inux/module.h:131:6: 'init_module' spec less restrictive attribute than its target 'srisa_pdrv_init': 'cold' [
131 | int (void) __attribute__ las(#initfn

/home/student/baget/lab_83/mychar//mychar.c:64:1: in expansion of macro 'module_init'
64 | (srisa_pdrv_init);

I
/home/student/baget/Lab_83/mychar//mychar.c:60:19: 'init_module' target declared here
60 | static int __init (void)

LD [M] /home/student/baget/lab_03/mychar//chardev.o
Building modu 2
MODPOST 1 mod

student@Ku

B paboueii nanke JI0J2KHBI ITOSIBUTCA HECKOJIBKO (haitoB, B Tom unciie chardev.ko

3.2 Hactpoliika 1mj1aTbl

st paborbl ¢ Mojyssimu B Linux ectb psifi KOMaH[[ (JIOCTYITHBI TOJBKO

0JIb30BATETIO TOOt MmN Yepe3 KoMamty sudo):
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insmod <path to module> - noaximovenue mMoxynsa fjpa, ¢ ABHBIM
yKazaHueM myTH K aiiry, Ipu 9TOM He POBEPSIIOTCS 3aBUCUMOCTH (OBIBAET
9TO OJINH MOJIYJIb TPEOYeT MPeBAPUTETHLHOIO 3aIlyCKa JIPYTOr0 MOJLYJIs ).
modporbe <module name> - 510 «ymMHasg» Bepcugd insmod, nposepser
sapucumoctn (daitn modules.dep), n moarpyzxaer ux mpu Heobxogumoctu. Tpe-
OyeTcst yKa3blBaTh TOJILKO UM MOJLyJIsA, Oe3 pacmupenns ko. [Ipu aTom nundop-
MaIlnst O MOJLyJIe JIOJIZKHA HaxouThest B anke /1ib/modules/<kernel version> /
Ismod — BBIBOJIUT CIIINCOK aKTUBUPOBAHHBIX MOJLYJIEH, ¢ YKa3aHueM CUETIH-
Ka 3aBUCHMOCTel ([OKa3bIBAET CKOJILKO TIOTOKOB UCIOJIb3YeT JIAHHDIH MOIYJIb )
rmmod <module name> - BbII'PY3UTb yKa3aHHBIl MOAYI/b (yKa3bIBa-

eTcsi TOJILKO MMsT MOJIyJIst, Oe3 paciiupenus ko)

3.2.1  Ilogkmounrech K miare depe3 gtkterm winm minicom (/dev/ttyUSB1

ckopocTh 115200).

3.2.2 st dyukimonnpopatnsg modporbe He0OXOMMO BBIIIOJIHUTD PSII 1101
rOTOBUTEILHBIX paboT. B nepByio ouepesb co3maTh KaTajor JIJisi XpaHeHIs MO-

nysaeit u uadopMalun 0 HUX:

$ mkdir -p /lib/modules/$(uname -r)/

3.2.3 Cozaiire HECKOJIBKO (ailioB

$ touch /lib/modules/$(uname -r)/modules.order
$ touch /lib/modules/$(uname -r)/modules.builtin

$ touch /lib/modules/$(uname -r)/modules.builtin.modinfo

B nannoMm ciiydae, JIOMYCTUM TaKO! X0, HO B OOIIEM CJTydae, COJAEPKIMOe ITUX
dait/ioB JI0JIZKHO OTpazkaTh PeailbHOCTb, B YACTHOCTU 0OpaTUTe BHUMAaHWE, Ha
HaJITIne OJITHOMMENHBIX (hailioB B pabodeil mamke, B KOTOPO HaXOUTCS UCXO/I-

HBI{T KOJT MOJTYJIs sijipa. [Ipu 9ToM IyTu K MOJLyJIsiM, 3allCAHHbIe B 9THX (aiiiax
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BEAYTCA OT KaTaJiol'a, B KOTOPOM OHHU PaCIIOJIOZKEHDI. HpI/IMep HallOJIHECHUA JIJIA

modules.order n modules.builtin (we g rexymieit miaTs!):

kernel/kernel/configs.ko
kernel/fs/binfmt_script.ko
kernel/fs/mbcache.ko

3.24 Bepaurech B KOHCOJIb BUPTYAJbHON MAIINHBI, 1 CKOIUPYHTE CKOMIIN-
JIMPOBAHHBII MOJY/Ib Ha TIaTy (MpOBepbTe, U4TO ILIATa MOJK/IIOYeHA CEeTEeBBIM

muypom K pabodemy 1K)

# scp $BAGET/lab_03/mychar/chardev.ko \
netuser@192.168.100.200:/home/netuser/

3.2.5 BepHI/ITer B TepMHHaJI IJIaTbl, 1 IIEepeMECTUTEC MOAYJIb AdApa B CHU-

CTEMHYIO ITaIIKy

$ mv /home/netuser/chardev.ko /lib/modules/$(uname -r)/

3.2.6 Ornpenennre 3aBUCHMOCTHI JJIsI MOJLYJIS, BBIIIOJTHIUB KOMAH LY

$ depmod

JlarHast KoMaHa TpOCKaHUpyeT Bce Moy, B marke /lib/modules/$(uname
-r)/ m 3anumer o Hux uHbopManmio. Iloce 4ero Moy m MOryT TTOArPYKaThCs

KOoMaH10#1 modprobe.

3.2.7 [TpoBepbTe padboTy MOJLyJisl, BHITOJTHIB KOMAH LY

$ modprobe chardev

B pe3yJibTaTe HOJIZKHBI YBUAETH Ha/JAIINCH

srisa_pdrv: srisa_pdrv_init
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3.2.8 [TocMoTpuTe CIMCOK 3arpy>KEHHBIX MO/LyJIeil

$ lsmod

BbHXﬂLﬂOHH«ﬁI6bHI>Cﬂ€ﬂyHHHHMI

Module Size Used by
chardev 4620 O

Size - TTOKa3bIBET CKOJILKO OIEPATUBHOI ITAMSITH BbIJICJICHO JIJIsI BBIOPAHHOI'O
MOJLYJIS,

Used by - ckoJIbKO TTporpamMM UJIn MO/TyJIeil UCTIOJIB3YIOT Ha JAHHBI MOMEHT
yKa3aHbIil MOJIYJIb (OUEBHIHO TIOKA3BIBAIOTCSI TOJIBKO AKTHBHbIE MTPHIIOYKEHUST 1

MO/JLYJIN ).

3.2.9  Bemosmnre komany Is /dev/*. O6parture BHUMAHIE, 9TO OTCYTCTBY-
eT aits srisa_pdrv, Tak Kak OH CO3/Ia€TCs, TOJHKO IPHU BBI3OBE (DYHKITUN
pdrv_probe. Tak kak B cucremMe OTCYTCTBYeT MPUBA3KA MOJYJIA K Tepude-

puitHomy ycrpoiicTBy, dpyHuknus pdrv probe He BbI3bIBAETCS.

3.2.10 Brirpysure n3 maMaTiu MojIysIb sapa

$ rmmod chardev

3.3 HaJjoxkeHHoe JiepeBO YCTPOICTB

Mur yerentno cobpaJi MOJTyJib YCTPOICTBa, OJIHAKO €ro ceiidac HUKTO HE HC-
1oJib3yer. Kak roBopu/ioch Bbllle, 9aCTO MOIYJIM SIJIPa, sIBJISIIOTCSI JIpaiiBepoM,
JUIS B3aUMOJIeiicTBUsI ¢ nepudepueit (KaK BHYTPUIIPOIIECCOPHOI, TUIIa UHTEP-
deiica spi, Tak u BHeLHHef/’I). st onucaHns B3auMOJEHCTBHS MEXKJY s1JIPOM
1 YCTPOMCTBOM CJYZKUT CHelrabHasd CTPYKTYpa - JepPeBO YCTPOICTB (device
tree). B meit onuchiBaeTcst ocHOBHAsT MHGMOPMAIUST O KazKJIOM YCTPOHCTBE, MOJI-

KJIIOUEHHBIM K IIPOIECCOPHOMY sIJIPY, a TakK »Ke MOT'YT J00aBJIsSITh IapaMeTphl,
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IIpUMeEHsIeMbIe MOJLYJIEM siJipa IIpu paboTe ¢ TeM Wi UHbIM ycTpoiicTBoM. Cpe-
I TIPOYETr0, JIEPEBO YCTPOMCTB Mo IepKuBaeT (DyHKINIO Hamoxkenus (overlay),
YTO TMO3BOJIAET CO3/aBaTh (hailyibl, BHOCAIINE UCIpABJIEHNE B CYIIECTBYIOIIEe
OIlICaHUe, NN JIOIOJIHSIOIIee ero, B COOTBETCTBUN ¢ TPeOOBAHUSAMI KOHKPETHO-

o IIpoeKTa, 6e3 HeOOXOANMOCTH IIEPECOOUPATh BCE JIEPEBO YCTPOMCTB HEJTNKOM.

3.3.1 Cosaiite pabodyio Mmalky B BUPTYaJbHOI MallnHe JIJIsd Pean3aliin

HAJIOZKEHHOIO JlepeBa YCTPONCTB U 1epefiiure B Hee

# mkdir $BAGET/lab_03/devtree
# cd $BAGET/lab_03/devtree

3.3.2 Coznaiite daitn 1 0TKpoiiTe ero Jjisd pelaKTUPOBAHNA

# kate of_mychard.dts

3.3.3 SanuimuTe B ails caeayonme CTpoKn

/dts-v1/;
/L
fragment@0 {
target -path = "/";
__overlay__ {
pdrvl {
compatible = "srisa,platform-device";
status = "okay";
}s
};

3.3.4 Coxpannre Ctrl+S u 3akpoiite pegakrop Ctrl+Q
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Ha nannowm mare ObLI0 CO3/1aHO JIEPEBO YCTPOUCTB, KOTOPOE OIUCHIBAET HO-
BOe BUPTYaJbHOE YCTPOICTBO, COBMECTUMOE C JpaiiBEPOM, CO3JaHHOM paHee
(obparure BHUMaHUE Ha mojie compatible B HammcamroM dparmente, U cpas-
HUTE €ro 3HaYeHue cO 3HAUYECHUEM OJIHOMMEHHOIO MapamMeTpa B HCXOTHOM KOJIe
motyiist). KitrodeBoe ¢jioBo overlay mokasbiBaer, 9To JaHHOE JePeBO YCTPONHCTB

JIOJTIZKHO OBITH HAJIOYKEHO Ha, YK€ CYIIeCTBYIOIIee.

3.3.5 CroMImmpyiiTe HaJIOKEHHOE JIePeBO YCTPOMCTB, JjIsl 9TOIO BBIIIOJI-

HUTE CJICAYIONIYI0 KOMaHy

# dtc -@ -0 dtb -o ./of_mychard.dtb ./of_mychard.dts

3aroMHuTE:
Komnuarsuus naroocennoz2o depesa ycmpotlicms om 00bi4H020 He

omaAau4aeImcs.

OcobeHHOCTD JiepeBa YCTPONCTB B TOM, YTO CKOMITHJINPOBAHHOE JIEPEBO YCTPOICTB

MOXGH)BepHYTbIS«qeﬂOBeKOQMTaGMbﬁiKOﬂ» KOMaHﬂOﬁ

# dtc -@ -0 dts -o ./out.dts ./source.dtb

3.3.6 CrommpyiiTe Moydennnlit (paila na miaty

# scp $BAGET/lab_03/devtree/of_mychard.dtb \
netuser©@192.168.100.200:/home/netuser/

3.3.7 [IepeiiinTe B TepMUHAJ ILJIATHI, 1 [IEPEMECTUTE CKOTTMPOBAHHBIHN hail

B nanky barebox

$ mv /home/netuser/of_mychard.dtb /barebox/
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3.3.8  Orpenaxrupyiite ckpunt barebox.sh

$ nano /barebox/barebox.sh

u BrummTe B Hero, nocjie crpokun DTB=k5500vk018 rbm.dth

fdt_apply -i $DTB -1 of_mychard.dtb -o /dtb && DTB=/dtb

Ctrl+S, Ctrl+X

3.3.9 [lepe3zarpysute miraty KoMaHjoil reboot

3.4 IIpoBepka paboThl MOIYJIid

3.4.1 Boiture Kax mojb3oBaTesib root, U BbITOJIHUTE KOMaH 1y lsmod. Mo-
JIyJTb JIOJIZKEH OBITh YK€ 3arpyzKeH, TaK KakK siIpo P 3aITycKe JOJIKHO OBLIO

O00HAPYKUTH COBMECTUMOE C MOJIyJIEM yYCTPONHCTBO.

3.4.2 [TocmoTpuTe oC/IegHIE CTPOKM JIOTa 3arpy3KU s11pa

$ dmesg | tail

B koncosm JOJIZKHDBI OBITD cjaeayromue CTpoKu <3HaquI/Ie B KBaJpaTHBIX CKOO-
Kax MOI'yT OT/JIN49aTbCd, 93TO 3Ha4YCHNE CEKYH/ IIPOoIEAIINX C MOMEHTa 3allyCKa

siJipa OlePaINOHHON CUCTEMBbI )

[ 27.263923] srisa_pdrv: srisa_pdrv_init
[ 27.266836] srisa_pdrv: pdrv_probe

CTpoky c init moJiyyaJjm paHee, HO Telepb MOCJIe HeE€ eCTh CTPOKa srisa-pdrv:
pdrv_ probe, KoTopasi OKa3bIBAET, 9TO MOJIYJIb YCIIENTHO CBA3AJICA C YCTPOIi-

CTBOM OIIMCAHHBIM B JIepeBe YCTPONHCTB.
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3.4.3  Bumosmnure komamy s /dev/* n obparure BHUMAHNE, YTO TOSBHUIICS

daitn srisa_ pdrv B Bblade.

3.4.4  OrnpaBbTe jgaHuble B srisa_ pdrv, m mpoaHaan3upyeM COOOICHUS B

KOHCOJIN

$ echo 1234 > /dev/srisa_pdrv

srisa_pdrv: srisa_pdrv_open
srisa_pdrv: srisa_pdrv_ioctl
srisa_pdrv: srisa_pdrv_write: Get 5 bytes

srisa_pdrv: srisa_pdrv_release

3amMeuyaHue:

Ipunsamo namov batdim, max xax nocaednuti batim amo batim nepe-

soda kapemru (|1).

3.4.5 [TocmoTpuM Ha CKOPOCTH 3AIMCH JIAHHBIX BBITTOJTHUB KOMAHTY:

$ dd count=1 bs=1M if=/dev/zero of=/dev/srisa_pdrv

Komanga dd moxkeT gacTo BeTpedaThbest IpH akKTUBHON pabore ¢ Linux. Ona
obecriednBaeT CYNThIBAHIE I KOINPOBAHUE JTAaHHBIX U3 OJHOrO (haiiia B JIpy-
roit. B jaHHOM ciryudae, Mbl yKa3bIBaeM, 4TO XOJUM OJinH pa3 (count=1) ormpa-
BuTh 1 Merabaiit (bs=1M) u3 daitia /dev/zero (remeparop 0) B apaiiep. Hewm
OOJIbIIIE OTIIPABUM JIAHHBIX, TEM TOYHee IMOJIYyUNM 3Had9eHIe CKOPOCTH, OJHA-
KO 13-3a 0CODEHHOCTEl peasin3alii CUYNThIBAHUS B JpaiiBepe, 00JIbIIONH 00bEM
JIAHHBIX MOYKET IIPUBECTH K ITeYaIbHBIM ITOCIEJICTBUSIM, TaK ITO YBIEKATHCSA HE

cTouT. Pesysbrar jgo/izKeH ObITh TaKUM

srisa_pdrv: srisa_pdrv_open
srisa_pdrv: srisa_pdrv_write: Get 1048576 bytes

srisa_pdrv: srisa_pdrv_release
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1+0 records in
1+0 records out

1048576 bytes (1.0 MB, 1.0 MiB) copied, 0.0318856 s, 32.9 MB/s

[Toceansist cTpoKa MOKa3bIBaeT CKOJIBKO JIAHHBIX OBLIO IEepelaHo, U Ha KaKoil
CKOPOCTHU. Pe3ynbTaT MoKeT MeHAThC OT KaxKJ0To 3allycKa, HO TOPsIOK BeJIN-

YUH JOJIZKeH OBITh OJMHAKOBBIIA.

3.4.6 [TorrpoOyiiTe cunTaTh JaHHbIE U3 JpaiiBepa, JIJisi STOIO BBIIIOJIHUM CJIe-

JIYIOITYIO KOMAHJLY:

$ dd count=1 bs=10 if=/dev/srisa_pdrv

Tyt onsth ucnosb3lyerbess Komatga dd, HO Ha 3TOT pa3 He YKa3bIBaeTCsl BbI-
xozHoit paitn (apryment of ), T09TOMY MOSIB/ISETCS BOSMOIHOCTD YBUIETH BBIBO

JpaiiBepa B KOHCOJIN

srisa_pdrv: srisa_pdrv_open

srisa_pdrv: srisa_pdrv_read: Send 10 bytes
ABCDEFGHIsrisa_pdrv: srisa_pdrv_release
1+0 records in

1+0 records out

10 bytes copied, 0.0131135 s, 0.8 kB/s

Kaxk BujinTe, B BBIBOJIE IPUCYTCTBYET HAOOP OYKB, KOTOPBIH ObLIT CreHeprpoBaH

JpailBepoM.

3.4.7 OrneHnre CKOPOCTh YTEHUsI JIAHHBIX, HO Ha 3TOT pa3 IepeHalpaBiM
BBIBO/T B pailJI, B MPOTUBHOM CJIydae MPUJIETCs JTOITO YK JIATH 3aBEPIEHNs BHIBO-
JIa B KOHCOJIb 3aIPOIIEHHON0 00'béMa JIAHHBIX (/I [IPepPBaTh ero KOMOUHaInelt

kiasuin Ctrl+C):

$ dd count=1 bs=1M if=/dev/srisa_pdrv of=/root/drv.out

srisa_pdrv: srisa_pdrv_open

srisa_pdrv: srisa_pdrv_read: Send 1048576 bytes
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srisa_pdrv: srisa_pdrv_release
1+0 records in
1+0 records out

1048576 bytes (1.0 MB, 1.0 MiB) copied, 0.140926 s, 7.4 MB/s

CKopocTh Ha YTeHHe MEHbIIIe, YeM Ha 3alliCh, TaK KaK JpaiiBep B HadaJ/Ie 3a110/I-
HsI€T CBOIl BHYTPEHHWII MaccuB, U 3aTeM OTIIPaBJSeT JlaHHble. Tak »Ke TOpMO-
3uT u 3amuch daitra. [Iposepbre 910, 3amenus daitn naznadenus Ha /dev/null.
J1j1st pocMoTpa BBIBOJIA BBITIOJHUATE KOMaHIY cat /root/drv.out u HeMHOTO To-
JOZKJINTE, TIOKa depe3 TepMUHaJI OyJeT mepenad 1 merabailT jJaHHBLIX. BbBoj

MO2KHO TipepBarh KoMmOuHarmeit Ctrl+C.

3.4.8 Boirpysum g,1po 3 nmaMsaTu

$ rmmod chardev

Ob6paTuTe BHUMaHUE, YTO €CTh JIBa BbIBOJIA, OJINH OT MOJIYJIsd, KOTOPBIi 110OJIyda-
JII paHee, BTOPOI coo0IaeT, 9YTo Obljia BBIIOJIHEHa (PYHKIUS 110 OTKIIOUEHUIO

ot ycrpoiictsa (yrajaenuto daitia 3ariynikn u3 nanku /dev).

3.4.9 BrikiounTe miaty, JAJ1s Uero B Hadaje BBEINTE KOMAHILY

$ poweroff

HOKJINTECDH, KaK ITOABUTCA HaJIIINCh

reboot: System halt

nocse yero orkaounTe USB kabesbs ot [IK nin miaThr.

3.5 3agaHme AJIsI CAMOCTOATEJILHOI pabOoThI

BrecuTe npaBKu B MOJLYJIb SI/Ipa, TaK, YTO ObI KOMAaH IO CUMTHIBAHUS MOK-
HO OBLIO TNOJIYYUTH BCE JaHHbBIE, 3alliCAaHHbIC paHee Yepe3 KOMaH]ly 3allicu.

Hpyrumu cjioBamu, moJib3oBaTe b aBa pasda samucas Hello mocse dero 3arpo-
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cuJl Ha cunThiBanue 1MoaiiT, B orBeT on joJken noyunth 10 6aiiT: HelloHello.
[Ipu sTOM CHMBOJI HIepeHoca KapeTKu (\r) JIoJKeH ObITh UCKJIIOUEH.

Ty nonamoburest pabora co crpykrypoit kfifo (B koe nepemennast data_ fifo).
B kome yxke Bcramsienbl dacTu 1o eé mumimagusanun (mychar dev.c), Bawm
OCTaETCsl BIIMCATH B HYKHBIE MECTa BbI30BbI (DYHKIIUI )i CIUTHIBAHUS U 3a-
nucu jianabix. [pn srom dyukiusa copy from user m copy to user yxke He
HY ?KHBI.

Komammgoit dd MoxKHO 1epegaBarh JaHHbIe U3 JIIOOBIX (DailjioB, YTO MOXKET
IIOMOYb B IIpOBEpKe paboThl ApaiiBepa. Kak ofuH U3 BapHaHTOB, CO3/1aiiTe TeK-
CTOBBIIT (baill, 1 BIHUIINTE B HErO TEKCT JJIs Iepejadn B jpaiipep. depes Ko-
man 1y dd epegaére atot aitn B apaiiBep, u Bropoit Komauaoii dd cunTbhiBaeTe
JIaHHBIE B JIpyToil (bails, mocie Yero MoxkKere cpaBHUTD jiBa (aiia (I/ICXO,ZLHbeI
u nostydennbiit) komamoit diff <pathl> <path2>

[Tpumep J1s1 3amucn JaHHBIX B JpaiiBepe ¢ npuMeHenne ctpykTypsol kfifo.

static ssize_t fifo_write(struct file *file, const char __user *buf,
size_t count, loff_t *ppos)
{
int ret;
unsigned int copied;
ret = kfifo_from_user (&test, buf, count, &copied) ;
return ret 7 ret : copied;
}
IIpHMEp,HHHﬁCQHTHBaHHHﬁﬂaHHbD(MB,ﬂpaﬁBepa(jMCHOHbSOB&HHeN[CprK—
Typsl kfifo.
static ssize_t fifo_read(struct file *file, char __user *buf, size_t
count, loff_t *ppos)
{

int ret;

unsigned int copied;
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ret = kfifo_to_user (&test, buf, count, &copied);

return ret 7 ret : copied;

* Moaudunuposarh Koji TakiM 00pasoM, 4TO Obl MOXKHO ObLIO HE3aBHCHMO
obpabaThiBaTh JIBa YCTPOHCTBa (/11 IpoBepKH j106aBbTe B device tree erné oiHo

yeTpoiicTBo, pdrv2)
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Jlaboparopuaga padora Ne 4

Jpaiisep GPI10O

ILlenb: Yupapenne BbIBOJAMH Yepe3 BCTPOEHHBIE B sI/IpO JIpaiiBepbl U Ha-

IIICaHUe CBOEro JipaiiBepa, Jiisi PAOOTHI C BHIBOJIAMIU.

Onucanme:B npepiayiieit padore ObLIO TTOKAa3aHO, KaK MOYKHO YITPABJISTh
BBIBOJIAMI depe3 BUPTyaJibHYIO daitaoByio cucremy sysfs. Opnako, npu padbore
¢ BHEIIHUMH MOJIYJISMH, IIOMUMO HHTepdeiica s mepenadn JaHHBIX, MOLYT
MOHAI00UTHCsT BBIBOJIB 001Iero HasHadenus (GPIO), mis ynpasienus cocrosi-
HUEeM MOJLYJIsi (CHUTHAJ cOpoca K IPUMepY ), WJIN JIJIs IPOBEPKHU COOBITHST (BBIBO/
ALARM na HEKOTOPBIX MPOMBIILIEHHBIX yeTpoiicTBax). Tak ke MOryT moHa-
JIOOUTHCST BBIBOJIBI JIJISI MHANKAIIUKM, WX BBOJa nHMopMmamnuu. B 3Toit pabore
Oy/eT MoKa3aHo, KaK MOXKHO PadOTaTh ¢ BBIBOJAMU OOINEro Ha3HAUYEHUS depes

CTaHIapTHBIE JApaiiBepbl 4/1pa, 1 KaK UMU [0JIb30BaThCd B CBOUX JpaiiBepax.

ITosie3nbie cchlaKuM:

1. Kernel Doc: GPIO Keys.

2. Kernel Doc: LED’s Common.

3. [Kernel Doc: Devicetree Dynamic Resolver Notes

4. Kernel Doc: General Purpose Input/Output (GPIO)
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https://www.kernel.org/doc/Documentation/devicetree/bindings/input/gpio-keys.txt
https://www.kernel.org/doc/Documentation/devicetree/bindings/leds/common.yaml
https://docs.kernel.org/devicetree/dynamic-resolution-notes.html
https://www.kernel.org/doc/html/v4.15/driver-api/gpio.html

5. Kernel GIT: Input Event Codes

6. Kernel Doc: GPIO Descriptor Consumer Interface

4.1 Bcrpoennnble apaiiBepbl

Hapeproe, ouH 13 caMbIX PACIpPOCTPAHEHHDLIX CIIOCOOOB MCIIOJIH30BAHNSA
BBIBOJIOB 001Iero HaszHadeHus (GPIO) sTo canTeiBanmst cCOCTOSHIST KHOMOK (KJTa-
BHATYPA, MBIIIb, KHOIKA cOPOCa M BBIKJIIOUEHNUSI), M IIPOCTENIei WHMKaIun
CPEJICTBAME CBETOMOJIOB (JIOCTYI K JUCKY, HHINKAIMS HAJTIMINS TTHTAHUS, aK-
ruanun pexkuma Caps Lock u iip.). B siipe oneparonsoii cucrembr Linux ects
rOTOBBIE JIpaiiBepbl jijid ucnosb3oBanusd GPIO Kak KHOMOK WM WHJINKATOPOB.
B nannoMm pasjesie OyjieT moka3aHo KakK MOXKHO YIIPaBJIATH BHIBOAAMU OOIIETO

Ha3HAUYCHUS Yepe3 3T JIPailBephl.

4.1.1 3amycTuTe BUPpTYaIbHYIO MaliuHy. JIorus u maposib jiist Bxoja: student

/ usrstudent.

4.1.2 [Hogkmounte o USB mnary x 11K, IIpoBepbTe, 1 ipu HEOOX01MMOCTH
nojkaounte USB yerpoiicreo FTDI RBM  C1K5500VK018 x BupTyaJibHOI

marnae (Menio Device—USB).
4.1.3 Orkpoiite Tepmunan komonnamueit Kiaasuin Ctrl+Alt+T

4.1.4  Jlobasbre koun B ssh-agent

# ssh-add

Brmmure dppasy 3ajanmyio B myHkTe [2.3.1

4.1.5 J11s1 Hagas1a I0IrOTOBLTE PA0OUYIO HAIKY, J1JId pa3pabOTKN HAJIOXKEH-

HOI'O JepeBa YCTpOﬁCTB JJIA CUCTEMDbI:
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https://git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git/tree/include/uapi/linux/input-event-codes.h
https://www.kernel.org/doc/Documentation/gpio/consumer.txt

# mkdir -p $BAGET/lab_04/of_dtb/

# cd $BAGET/lab_04/of_dtb/

4.1.6 CozjaiiTe n oTKpoiiTe jiJIst MpaBKu daiiia

# kate ./of_gpio.dts

4.1.7 Brmmmre cieayromniue cTpoKn

/dts-v1/;
/plugin/;
/AL
fragment@0 {
target -path = "/";
__overlay__ A

grnled {

compatible = "gpio-leds";

ledl {
label

"ledl";

gpios

<&gpiof 0 0>;

linux ,default-trigger =

default -state =
}s
}s

button {

lloff Il;

compatible = "gpio-keys";

status = "okay";

#address-cells = <1>;

#size-cells = <0>;
autorepeat;
btn {

label = "btn";

linux,code = <4>;

gpios = <&gpiod 6 1>;

};
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[lepBasi 4acTh, OTBedaeT 3a Iepeaady yIpaBeHHsI CBETOINOIOM, ITOIKJIIIO-
yénHomy K BbiBojy FO, npaiiBepy gpio-leds. anublit japaiiBep 1mo3BojisieT He
TOJIbKO BKJIFOUATh M BBIKJIIOYATh CBETOJMOJ, HO M aKTUBU3UPOBATH €ro, IIpu
cpabaThblBaHUN OJTHOTO M3 TPUITEpOB. K cokaJIeHWIO B TeKylel cOOpKHU sijipa
TPUITEPHI HE ObLIN AKTHBUPOBAHBI (KAKJIbIii TPUITEP MO CYyTH 9TO OTE/bHBII
MOJLYJTh SIJIPA), MOTOMY MBI HE CMOZXKEM MMOCMOTPETh WX B JICHCTBUHL.

Bropast yacTb oTBevaeT 3a HACTPOWKY KHOIKU. B jnanHOM ciydae, Ipy Ha-
JKATUH KHOTKE OyzeT (hOPMHUPOBATHCs COOBITHE OTHpaBKu cuMBosia Q (KOI
kuaorKn 16). [TostHBI CHCOK KOJOB KHOIMOK MOYKHO MOCMOTPETH B (baiiie 1o
CCBLIKE |D| B HauaJje J1ad0paTopHOil pabOTHI.

[Tapamerp gpios onpejessieT, Kakoil BBIBOJ IepegaéTcst 10J yIIpaBjeHne

JpaiiBepoM. BxojiHoe 3HaUEHME COCTOUT U3 TPEX DJIEMEHTOB:
1. ccbliKa Ha OAHK BBIBOJIOB,
2. HOMEP BBIBOJIa B YKa3aHHOM OaHKe,

3. nossiprocTh curnasa (0 — npsimasi, 1 — uHBepcHast )

4.1.8 Coxpanute daitn Ctrl+S u 3akpoiite pegakTop Ctrl+Q

4.1.9 CxroMImmmpyiiTe HAJIOKEHHOE JIePEBO YCTPONHCTBA, KOMAHIOM

# dtc --symbol -0 dtb -o ./of_gpio.dtb ./of_gpio.dts

3amMeuyaHue:

IIpu xomnuasuuy 6ydem evdano npedynpescdenue, €20 MOHCHO

NPOULHOPUPOBAND.
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4.1.10 CkonmpyiiTe 1ojydeHHblit (aiia Ha miary

# scp ./of_gpio.dtb netuser@192.168.100.200:/home/netuser/

4.1.11  Orxkpoiire nporpammy gtkterm, u nogkmouanrecs K mopry /dev/ttyUSBI.

4.1.12 [lepemecTnTre ckonmpoBaHHbIN (aila B manky barebox

$ mv /home/netuser/*.dtb /barebox/

4.1.13 OTrkpoiiTe ckpunT barebox.sh mist pegakrupoBanus

$ nano /barebox/barebox.sh

4.1.14  Brummre nocyie ctpokn DTB=k5500vk018 rbm.dtb cremxytomnryio

CTPOYKY

fdt_apply -i $DTB -1 ./of_gpio.dtb -o /dtb && DTB=/dtb

IIPU HAJIMIUU CTPOKK OT ITPOILIBIX padOT, MOXKHO €€ IepenncaTh, yIaIuTh UIn
OCTaBUTD.

Coxpanum m3MeHeHns u Boiitjem 3 pejgakropa: Ctl+S, Ctrl+X

4.1.15 [lepezarpysutre 1jiaTy KOMaHjo# reboot, m BHUMATE/JbHO H3YUHTE
JIOT 3aIPY3KH.
[Tocie Toro, Kak 0TpaboTaeT OTKIIOUEHNE CUCTEMBI (3aIICH, HATHHAIOIINECs

¢ | OK |). Cucrema naunér 3arpysky. Haitjiure B Jiore Takue cTpoKu:

Hit m for menu or any other key to stop autoboot: O

Booting entry ’mmc’

ext4 ext40: EXT2 rev 1, inode_size 256, descriptor size 32

ethl.ethaddr is not set

add_eth_mac_addr () failed for ethl (1)

Skip dumping CK64 regs values to overlay: target CPU \freq O is less than
or equal to 400000000
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Entry Point: ffffffff807d5cdO

Ecin BeIBOJI He COBIaJIaeT ¢ BBHIBOJOM BBIIIE, TO CKOpee BCEro ObLIa JIONyIIeHa

ommbKa B dts daiisie. IIpoBepbTe ero Ha HajaMde onevyaTok, U MOBTOPUTE IIaru

c nynkTa [1.1.9

4.2 IIpoBepka paboTbl KHOIIKN

Pabora ¢ KHOIKOil BejeTcsd 4epe3 JeTEKTUPOBaHUs COOBITHIl IeHepUpyIo-
IIUXCS BXOJIHBIM YCTPOHCTBOM. B 3TOM 11j1aHE, CXOXKUM 00pa30M IPOUCXOTAT

B3alMO/IefICTBIE C KJIaBUATYPOil, MBIIIKOI NI CEHCOPHLIM SKPAaHOM.

4.2.1 Bocnoibayemest crienuabHOM YTUINTOR JIJTs aHam3a COOBITHI - evtest

$ evtest /dev/input/eventO

Kak ToIbKO OHa 3aITyCTHTCSI, TO Iepe/lacT MH(POPMAIIUIO O ITPOBEPAEMOM HC-

TOYHUKE BBO/JIa B KOHCOJIb:

root@baget: /dev/input/by-path# evtest platform-button-event
Input driver version is 1.08.1
Input device ID: bus 0x19 vendor 8x1 product 8x1 version 0x100
Input device name: "button"
Supported events:
Event type @ (EV_SYN)
Event type 1 (EV_KEY)
Event code 16 (KEY_Q)
Key repeat handling:
Repeat type 20 (EV_REP)
Repeat code @ (REP_DELAY)
Value 250
Repeat code 1 (REP_PERIOD)
Value S
Properties:
Testing ... (interrupt to exit)

4.2.2 HaxkmuTe n oTmycTuTe KHONKY. B KOHCOMN MOABUTCSA HECKOJIBKO 3a-

nuceit. 9To nHMOpPMAaIUsI O COOBITUNL.
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Event: 1550139289,
Event: 55 9,
Event:
Event:
Event:

[EV_KEY), code 16 (KEY Q), va
SYN_REPORT

(EV_KEY), code 16 (KEY_Q), value
SYN_REPORT

[EV KEY), code 16 (KEY Q), value
SYN_REPORT

(EV_KEY), code 16 (KEY_Q), value
SYN_REPORT

(EV_KEY), code 16 (KEY 0Q), va
SYN_REPORT

(%)

L Ld fa
[
(%]

oo oun

[w]
(V]

Event:
Event:
Event:
Event:
Event:

] ]
L3
(]

=}
[=a]

(Vi)
)

b Ml M I I L |

(V]
[ ]
e |
[ ]
=2

3amMeuanme: obpaTuTe BHIMaHIE Ha 3HAUYEHIE IapaMeTpa value, OHO KoJupyer

cocTogHne KHONKKM ) — oTiyleHa, 1 — HaxkaTa, 2 — yJlepKUBaeTCsd

4.2.3  Ilpepsure padbory nporpammbl, Haxkas Ctrl+C.

4.2.4  JlonoJIHUTEILHO TTOCMOTPUTE, YTO Ha CaMOM Jlejie CUUTBIBAETCS U3

daitsia mpu padbore ¢ HUM, JIJIs U€ro 3aIlyCTUM KOHBelep U3 JIBYX KOMaH,1

$ cat /dev/input/eventO | hexdump

Tyt yxKke npu oTKpeITUM BBl HE yBUANTE HUUErO, OJIHAKO KaK TOJHBKO HATHETE
HaKIMaTh W OTIYCKaTh KHOIKY, TO YBUJANWTE MOTOK JAHHLIX. B 9TOM MOTOKe
XPaAHUTHCA KaK MHMOPMAIUs 0 COOBITHH, TaK U BPEMEHHbIE METKH, UTO BUJIE/IN
paHee, WHCTPYMEHT evtest 3aHUMaeTCs peobpasoBaHmeM (MapCHHIOM) 9TOTrO

IIOTOKa, B YeJIOBEKOYUTAEMbIil BHJI.

4.2.5 [IpepBute pabdory naxkas Ctrl+C.

4.3 lIpoBepka paboThI CBETOANOIOB

CBeTo/Ino/ bl YIPABIAIOTCS Yepe3 BUPTYaIbHyIo bailjioByto cucreMy sysfs.

4.3.1 [TepeiinuTe B caemaytonuii KaTajgor Ha ILjiaTe

$ cd /sys/class/leds
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4.3.2 TyT paciosararorcst CChbLIKHM Ha BCE CBETOJMO/IbI JOCTYIIHBIE B CHCTE-
Me. B namewm ciydae, no/kHO ObITh aBe nanku mmc(:: u ledl, mpoBepbTe 9T0

BBIIIOJTHUB KOMaHIy

$ 1s -1

4.3.3 J11s1 BKIIOUEeHHsI cBeTOAMO ] oTipaBbTe 1 B daiis brightness, n 0 s
BeIKII09YeHUs. [Tpn nonkmouenun gepes LHIVIM xkonTposiep, sTor daiisr mo3Bo-
JIIeT YCTaHABJIMBATD SIPKOCTH CBETONO/A (HAIIPUMED, JJisl YIIPABJICHUST STPKO-

CTBIO TIOJICBETKI IKpaHa)

$ echo 1 > ledl/brightness

$ echo 0O > ledl/brightness

4.4 CobupaeM cBoiil apaiiBep

[TorrpoOyem Terepb UCIOIB30BATh BBIBOJ, ODIIEro Ha3HAYEHUs] BHYTPU COO-
CTBEHHOI'O JipaiiBepa, 9T0 MOXKET IacTo MOHAJ00UTCs, IPU padoTe ¢ BHEITHIMI
alnapaTHbIMI MOAY/IAMEU. K mpumepy, [Jist yIIpaBJeHnsl CUTHAJIOM cOpOca W

JJIA TIEPEKJIIOICHU A MECKAY PEzKUMaMM 1 T. II.

4.4.1 Cxonupyiite Ko gemoucTpupytomunii padbory ¢ GPIO B npocTpancTse
sijipa. BepHuTech B KOHCOJIb BUPTYaJIbHOI MAIIMHBI, U BHIIIOJHUTE CJIELYIOILYIO

KOMaH /1y

# cp -r $BAGET/support/gpio_driver $BAGET/lab_04/driver

4.4.2 Nzyaure nmpuMep Koga MOIYJIA s/1pa

# cd $BAGET/lab_04/driver; code
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Do you trust the authors of the files in this folder?

res that may autor y execute files in this

of all files in the parent folder 'student’

No, I don't trust the authors
Browse folder in restricted mode

Click->

3amMeuyaHue:

IIpu nepsom 6xode, cucmema modxHcem cnpocums 0 JoGEPEHHOCTNU

asmopa, HYMICHO HAHCAMDb HA KHONKY YGS,

4.4.3 JlobaBwTe 1yTeii Jjist paspenienns yactu include pupexktun. OTkpoiiTe

.vscode -> ¢ cpp_ properties.json

|-|__"j EXPLORER

~ MYCHAR

3amMeuyaHue:

FEcau amoezo gating mem, mo Heobxodumo 20pANUMYU KAABUULAMU
Shift+Ctrl+P ewssamv noae 66oda komand u swviopamv C/C++:
Edit Configuration (JSON)

4.4.4 Honummure B nojie includePath ciemyromnue crpoku:
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"configurations":

"name" :

JUIsT y100CTBa, BOCIO/Ib3yiiTech daitiom vscode lines.txt B namke support. Ctrl+S

JIJIST COXPaHEeHUs.

4.4.5 Honummre compilerArgs, Kaxk Ha KapTHHKE HIZKE, JIJIsT KOPPEKTHOI'O

nepexoja K peajusalnun GpyHKII gpio apaiiBepa sjpa.

4.4.6 [TocmorpuTe comepkuMoe daitia gpio temp.c. B mém onmcan mpo-

1ece MOJAKII0YEHN JipaliBepa K BbIBOLY.

4.4.7  Otkpoiite u mocmorpute Ha Makefile. B ném ectn pazjen install koro-
puIit momoxkeT Bam ckommpoBaTh Ha IEJIEBYIO ILJIATY CKOMIIMJINPOBAHHBIN MO-
nyab sapa. [Ipu sTom, mepej; konmpoBanmeMm OyjeT 3allylieHa cOOpKa BCero
IpoeKTa. DTO TMOoJie3Has MpaKTHKa, TaK KaK rapaHTupyeT Bam, dTo mpu wuc-
IIpaBJICHIN MEJIKO# oIledarTKy, Ha ILIaTy IONaJAeT KOJ C HCIIPaBJIEHHEM, a He

€ro Ipeablaylinasl BEepCHusl.

4.4.8 [lepeiinure B TepmuHan (MoxKHO OTKpBITH BKAaIKy TERMINAL B
vscode, ec eé He BuJHO, BbiOepuTe B MeHio Terminal — New Terminal) u

cobepuTe MOIYJ/Ib KOMAaHJIOM:

61



# ARCH=mips CROSS_COMPILE=mips64el-linux-gnuabi64 - make

4.4.9 [Iposepbre 3HaveHMe cucreMuoii mepementoit BRD  PASS

# echo $BRD_PASS

€CJIM BBIBOJ| OBbLII IIyCTOM, IPOMHUIIMAIN3UPYHTE [IepeMEeHHY 0

# export BRD_PASS="usrnetuser"

4.4.10 CronmpyiiTe MOIY/Ib Ha IJIATY

# ARCH=mips CROSS_COMPILE=mips64el-linux-gnuabi64- make install

3aMeuyaHue:

ITonpobyime camu padobpamuvcs, xax 6 Makefile onucarn npouecc
Konuposanusa gating na naamy. Imo moocem Bam nomovwn, npu

GBI ONHEHUU aamocnunwneﬂbnbw:pa6bnp

4.4.11 Bnecure n3meHnennst B HaJI0:KEHHOE JIEPEBO YCTPOICTB

# kate $BAGET/lab_04/of_dtb/of_gpio.dts

yaaaute Hoawl ledl m button, u monuimre HOBYIO HOMY:

custom {
compatible = "gpio,dummy";
status = "okay";
yellowled -gpios = <&gpiof 1 0>;
}s

3amMeuyaHue:

Obpamume srnumarue Ha cmpory, 6 Komopol YKkasveaem uHpop-

MAYUUIO 0 6?)L60(9€, rOmMopuvimM HYHCHO YNpasaAns. H€p6dﬂ Hacms
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(yellowled. . . ) doasrcna cosnadamsv ¢ moti memxkoti, ¥mo yka3ana 6

ucxrodnom xode, na 62 cmpoxe!

4.4.12  Coxpanute nzmenenusi Ctrl+S u 3akpoiite pepaxkrop Ctrl+Q.

4.4.13 Crommmupyiite daita dts, it 9TOro BBIMTOJTHUTE CJSIYIONLYIO KO-

MaHLy

# dtc --symbol -0 dtb -o $BAGET/lab_04/of_dtb/of_gpio.dtb \
$BAGET/1lab_04/0f_dtb/of_gpio.dts

4.4.14 CronmpyiiTe MoydeHHbIit (paitn na miaty

# scp $BAGET/lab_04/of_dtb/of_gpio.dtb \
netuser©192.168.100.200:/home/netuser/

4.4.15 [IepeiiinTe B TepMUHAJ TLIATHI, 1 TIepeMecTrTe haitl B nanky barebox

$ mv /home/netuser/*.dtb /barebox/

4.4.16 [lepezarpysute miary KomMaH ol reboot.

4.4.17 [Tocsie nepesarpysku, HOArPYy3UTE MOILY/Ib KOMaH 10

$ insmod /home/netuser/gpio_temp.ko

Eciin He ObLIO JIONyIIeHO omuboK, To B TedeHnu 20 ceKyH/I 1j1aTa Oyj1eT morie-

peMeHHO BKJIIoUaTh cBeToanoanl FO n F1

4.4.18 BreikounTe miary, /i 4ero B HadaJle BBEJNTE KOMAHTY

$ poweroff

HJOKJINTECDH, KaK ITOABUTCA HaJIIINCh
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reboot: System halt

nocJsie yero orkaoudnTe USB kabesib ot [IK nin miaThr.

4.5 3amgaHNUe JIJIsI CAMOCTOATEILHOI PadOTHI

143M6HHT6IﬁﬂITaKHNIO6pa30M7‘HK)6BICB€TOAHOA Ha4YWHaJI MUI'aTb, KOI'la

KHOIIKa HazkaTa. g 9Toro BoCHob3yiTech TaiiMepOM.

e JlobaBbre (DYHKINIO MHUINATU3UPYIONLYI0 KHOIKY (HY?KHO C/lesiaTh BCE
TO K€, 9TO U [IPU NHUIMATU3AIUI CBeTOIN0/a, B hyHKInu int myled init(int
gpio_id), 3a HCKJIFOUEHIEM TOTO, YTO HAIIPABJIEHUsI BBIBOJIA JIOJIZKHO OBIThH

GPIOD INPUT

e JIj1s1 caMTHIBAHUSI COCTOSTHUST KHOITKH, UCTIOJIB3YiiTe hyHKIMIO gpio get  value(<gp
[TomHaUTE, YTO KHOIKA Ha IJIaTe UMeeT UHBEPCHYIO JIOTUKY, IPYTUMU CJIO-
BaMU B OTIIYIIIEHHOM COCTOSTHUM BLIBOJI IPUKAT K IIUTAHUIO, U BO3Bpallla-

er 1.

e [Ipumep Koja 1Mo mHAIUAIN3AINN TafiMepa

#include <linux/module.h> /* Needed by all modules */
#include <linux/kernel.h> /* Needed for KERN_INFO x*/
#include <linux/init.h> /* Needed for the macros x*/
#include <linux/timer.h>

#include <linux/jiffies.h>

int g_time_interval = 250; // miliseconds

struct timer_list g_timer;

void _TimerHandler (struct timer_list *tm)
{

static bool state = true;

printk ("%s: %s", DRIVER_NAME, __func__);

state = Istate;
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mod_timer (tm, jiffies + msecs_to_jiffies(g_time_interval));
3
static int __init my_init(void)
{
printk (KERN_INFO "My module inserted into kermel!!!.\n");
/*Starting the timer.x/
setup_timer (&g_timer, _TimerHandler, O0);
mod_timer ( &g_timer, jiffies +
msecs_to_jiffies(g_time_interval));
return O;
}
static void __exit my_exit (void)
{
del_timer (&g_timer) ;
printk (KERN_INFO "My module exited from kermel!!!\n");
}
module_init (my_init);
module_exit (my_exit);

e He 3a0ybTe J100aBUTH OCBODOXKIEHIE PECYPCOB JIjIsi KHOIKK U Taiimepa.
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JlabopaTopuaga padora Ne 5

J1paiisep SPI1 ycrpoiicTBa

Ienb: Axktusuposars SPI kKonTposIep, n HaIMCATh TPOCTOI npaiiBep mjis

ycTpoiicTBa nojkirodénHoro Kk SPI uaTepdeiicy.

Ommucanue: B jannoit pabore, MO3HAKOMUMCS CO CTPYKTYPOH sijipa, 1M03-
BOJISTIOINIEH B3aUMOJIECTBOBATL C Spi KOHTPOJLJIEPOM IeJIeBoil 1aThl. laHHast
CTPYKTYpa SIBJISIETCSI IIPOIPAMMHBIM HHTEPdEicoM, MO3BOJIAIONINM OTBI3aTh
pean3aIio B3aNMOJICHCTBUS C BHEIITHUM allllapaTHBIM MOJLYJIEM 110 HHTepdeli-
cy SPI ot ocobennocreii peauzaiun SPI korTposiepa Ha KOHKPETHOI alla-
paTHoil miaTdopmMme.

[IpoBepky paborsl SPI uaTepdeiica OyaeT npooauTcs mnpu nomornu PMOD
Moyt komnanun Digilent PmodALS Ha kKoTopoil ycTaHOBJIEH JATINK OCBE-

meénHocTH, Ha 6ase mukpocxeMbl TEMT6000X01 nmonkrouennniii K ALIII ADC081S021.

Ilone3sHbie CCHLIIKM:

[TocnenoBarenbubiii nnrepdeiic SPI.

Kernel Doc: Devicetree Dynamic Resolver Notes

Kernel Doc: SPI API

Digilent: PmodALS

66


http://www.gaw.ru/html.cgi/txt/interface/spi/index.htm
https://docs.kernel.org/devicetree/dynamic-resolution-notes.html
https://www.kernel.org/doc/html/v4.15/driver-api/spi.html
https://digilent.com/reference/pmod/pmodals/start

e Vishay Semiconductor’s TEMT6000X01

o Texas Instruments ADC081S021

5.1 3anyckK m HoakJo4deHne K yCTPOMCTBY

5.1.1 3amycTuTe BUPTYaIbHyIo Mauhy. JIorus n mapoJib j11s Bxoj1a: student

/ usrstudent.

5.1.2 [Tonkmounte o USB miaty k [TK. ITpoBepbTe, 1 pu He0OXOIMMOCTH
nojkaounte USB ycrpoiicteo FTDI RBM  C1K5500VKO018 k BupTya/bHOI

marmmae (Merto Device—USB).

5.1.3 lobasbTe Koun B ssh-agent

# ssh-add

Brmmure ¢gppasy 3ajanayo B myHkTe [2.3.1
5.14 Otxkpoiire nporpammy gtkterm, u nogkmouanrecs K mopry /dev/ttyUSB1

5.1.5 Ecmm B okne TepMmHas a HET TEKCTa, HaKMHUTe KjaaBuily Enter ma

KJ1aBuaType. lo/nKHa mogBuThCA HaJIIMICH CJIEIYIONEro BUIA:

GTKTerm - /dev/ttyUSB1 9600-8-N-1

File Edit Log Configuration Controlsignals View Help

kmki4634066F010095

Bsenure jrorun root u mapoJib root.
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https://www.vishay.com/docs/81579/temt6000.pdf
https://static.chipdip.ru/lib/311/DOC018311920.pdf

5.2 IloaroroBka Device Tree Overlay

OcHoBHast KOH(MUTYpaIHs 1eIeBOIl IIaThl IPeIIIoaraeT, YTo IPaKTHIecKH
BCe BBIBO/IbI HACTPOEHHI 11 yiipaienus depes 010k GPIO. s paborsr ¢ SPI,
HaM HeOOXOJMMO BBECTHU JBE IIPaBKuU: pa3pemuThb pabory SPI konTposiiepa n

mepeaThb IIoA €10 yIIpaBJi€eHnA BbIBOJbLI IJId KOMMYHUKalO C BHCITHUM MUPOM.

5.2.1 CozpaiiTe pabodyio nanky B BUPTYAJILHON MallHE JIJId HAJJOKEHHOI'O

JiepeBa, YCTPOICTB U IepeiiiuTe B Hee

# mkdir -p $BAGET/lab_05/devtree
# cd $BAGET/lab_05/devtree

5.2.2 CozaiiTe HOBBII daii

# kate of_spil.dts

1 3allMIII1TE B HET'O CﬂeﬂQWOUIMﬁ TEKCT

/dts-v1/;
/plugin/;
/AL
fragment@0 {
target-path = "/gpio@1b400200";

__overlay__ A

spil_pins {
phandle = <0x01>;

spil_clk {
function = "spil_clk";
groups = "spil_clk";
+s
spil_di {
function = "spil_di";
groups = "spil_di";
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};

spil_do {
function = "spil_do";
groups = "spil_do";
+s
spil_cs0 {
function = "spil_csO0";
groups = "spil_csO";
+;
s
+s
+s
fragment@l {
target-path = "/spi@1a800000";
__overlay__ {
status = "okay";
pinctrl -names = "default";

pinctrl-0 = <0x01>;
+s
+s

__local_fixups__ {

fragment@l {

__overlay__ {

pinctrl-0 = <0x00>;

lannoe Jiomo/iHenne COCTONT W3 HECKOJIbKIX (PparMeHTOB, TaK KaK ITeperti-

CcaTb HY2KHO JAB€ pa3Hble HOAbI, OJHAKO HSMEHGHHﬂﬁSTH,HOH}KHBI6BHE>CHHXpO-
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HUBUPOBAHBI MEXKTy COOOM, 110 9TOI MPUUNHE OHU HAXOJIATCs B OJlHOM daiie.

[TepBblit (hparmMenT, 9TO JONOJIHEHNE K HOJIE OIUCHIBAIONIE OaHK BHIBOIOB A.
B sTom jomosiHeHn MBI CO3/IaéM KOHMUTYPAINIO, JIJId Tepeladn YIIpaBIeHus
JacThio BBIBOJOB SPI KoHTposIepy. Byabre BHUMATEIBHDBI, HE JTI000I BBIBOI
MOXKeT ObITh 1epegan SPI koHTpoiepy.

Crenyromuit ¢pparMeHT MpaBoK KacaeTcs JOTOJHEHNS K OMICAHUIO Spi KOH-
TpoJuiepa. IlepBoe, 5T0 ero akTuBalys, 3alUChbio B apaMeTp status 3HaveHmst
okay. Tak »Ke, BBOAUTDHCS JiBa JONOJHUTEIbHBIX MTapaMerpa. IlepBblit XpaHuT B
cebe Ha3BaHue KOHMUI'YpaIUU BBIBOJOB, BTOPOil — JIIsT yYKa3aHUsd HACHTU(U-
karopa konduryparuu. Obparure BHUMAHNIE, YTO 3HAYCHIE Yy HErO COBIIAIAET
(1 910 BazkHO) co 3HauenneM phandle y onmcamnust BEIBOJIOB U3 MEPBOTO (bpar-
MEHTA.

[Tocyieinsast cTpoKa rapaHTUPYET, YTO TOCTe MPUMEHEHN 9TOTrO JOMOJTHE-
HUs, 3HaYeHne mapamerpa pinctrl-0 Oyaer coorBeTcTBOBaTH 3HAaUeHni0 phandle
rpynnbl spil  pins. lemo B Tom, uro 3nadenue phandle u3 nepsoro gpparmen-
Ta, Oy/IeT aKTyaJn3UPOBAHO, JJisl Pa3pelleHns KOJLIN3UH (TaK KaK B UCXOJHOM
device-tree y2ke ecThb HOJIa, ¢ TaKUM 3HadeHneM phandle), u nocie Hsis cTpOKa B
ONMUCAHWH MCIPABIECHUIN TOSICHSIET CUCTEMe, UYTO TO0C/Ie Pa3pelienns KOJIJIN3NN,
HeOOXOIMMO OOHOBUTH 3HAYEHIE yKA3aHHOTO mapamerpa (3nadenne ) 3apesep-
BUPOBAHO, W B JJAHHOM KOHTEKCTE O3HAYaeT CCBHLIKY Ha 3HAUYEHHUE IapaMerpa
phandle).

Y3HATb, KaKoit 6aHK BBHIBOJOB, 1 KAKNE BBIBOJbI MOT'YT ObITH UCIIO/Ib30BAHbI
¢ TeM WM WHBIM mHTepdeiicoMm, Kakne 3Hadenns phandle yxke ncroJib30BaHbI,

" IIpOCTO HJIA JIIOOOIIBITCTBA MOXKHO OAHHUM M3 ABYX CII0CODOB:

1. U3 camoii cucreMbl, M3y4nB MOJIKATAJIONH gpio, B KaTaJjore /proc/device-
tree/ (peKOMeHyeTcsi JIjisl CIUTBIBAHMS 3HAYEHIE TOIO UJIM UHOTO Mapa-

MeTpa HCIOJIb30BaTH KOMaH Ly cat).

2. IIpeobpazoBaB OuHApPHBII (aiis gepeBa YyCTPORCTB CUCTEMbI B TEKCTOBBII
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BIJ

# dtc -@ -0 -dts -o /tmp/root.dts \
$BAGET/support/barebox/k5500vk018_rbm.dts
# kate /tmp/root.dts

[Tocmorpute Ha HOJbI, onuchiBatomne banku GPIO BeiBosios. Tak ke obpa-
TUTE BHUMaHUE, Ha 00bsBJICHNE KOH(MUIYpalnii BbIBOJOB Jiid sdhci KoHTPOJI-
Jlepa, 0cOOEHHO, KaK 3Ta KOHMUryparus pa3dnuTta MexK1y JByMs OaHKAMU BbI-
BOJIOB, Ha 3HadeHue rnapamMerpa phandle kaxkoii rpymibl. CpaBHUTE 3HAUYECHNE
napaMeTpoB phandle kondurypammonubix TPy, U 3HAYEHUS TepeIncaeHnble
B napamerpe pinctrl-0 y wogpl s korrposuiepa sdhei. (He crecHsiiitech nc-

TTOJIB30BATH MONUCK MO (Daily).

5.2.3  Coxpanute n3menenust Ctrl+S u 3akpoiite pejgakrop Ctrl4Q

5.2.4 Crommuupyiite baiiyi 1 CKOMUPYHTe ero Ha IIaTy

# dtc --symbol -0 dtb -o ./of_spil.dtb ./of_spil.dts
# scp ./of_spil.dtb netuser@192.168.100.200:/home/netuser/

5.2.5 [TepeiiinTe B TepMITHAJI ILJIATHI, U IIepeMecTuTe paiis B ranky barebox

$ mv /home/netuser/of_spil.dtb /barebox/

5.2.6 Orkpoiite ckpunt barebox.sh st perakTupoBaHms

$ nano /barebox/barebox.sh

5.2.7  Buummre nocyie crpokn DTB=k5500vk018 rbm.dtb cieytontyro ctpod-

Ky (Ipu HAJIMIUN JIPYTUX CTPOK, 3aKOMMEHTHPYIiTe nX JI00aBUB B HAYAJIO CHM-

BOJT # )
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fdt_apply -i $DTB -1 of _spil.dtb -o /dtb && DTB=/dtb

Coxpanure n3MeHeHus u Boiiinre 3 pegakropa (Ctrl+S, Ctrl+X)

5.2.8 [lepe3zarpysute miaty Komamioit reboot.

5.2.9  Ilocsie mepesarpysku Boiijure B cucremy (root/root). W BeimosanTe

KOMaH/IYy

$ 1s /sys/class/spi_master/

Beisost 1osmken nmokasath jBa umenu: spil (3To korTposutep gspi flash-mamsitn)
1 spil (TOT YTO aKTUBUPOBAJIN MIPU MOMOIIN HAJIOKEHHOTO JIepeBa yCTPOHCTB).
Ecm BToporo mMeHn HeT, 3HAUUT ObLIa J0IyIeHa omunoka B dts daitne, mim B

barebox.sh ckpunre. Tak ke m3ydmTe BBHIBOJL IJIATHI BO BPEMsl 3arpy3KH.

5.3 CobupaeMm apaiiBep

B Linux ectb jipaiiBep jis yrpaB/ienns spi KOHTPOJIJIEPOM U3 ITPOCTPAHCTBA
10JIb30BaTe/Is1, OH HasbiBaeTcd spidev. OJIHAKO Yy HETroO eCTb PsJi HEJIOCTATKOB,
KOTOpbIE€ MEIIaloT HCII0JIb30BaTh €ro B 00eBLIX IpoekTaxX. B cucreme 1eseBoit
ILJIATHI ATOT JipaiiBep OTCYTCTBYET, U IIOCMOTPETh Ha €ro paboTy He MOy YUTCs.

[TosTomy cpazy »kKe HauHEM cobupaTh CBOIT JipaiiBep.

5.3.1 [TonroroBbre manky s cbopku jpaiiBepa, INepeiiinTe B HEE M OT-

KpoiiTe B pejiakTope vscode

# cp -r $BAGET/support/spi_driver $BAGET/lab_05/driver
# cd $BAGET/lab_05/driver; code

3amMeuyaHUe:
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IIpu nepsom 6xode, cucmema modHcem cnpocums 0 JdOGEPEHHOCTNU

a6MoPa, HYHCHO HAHCAMD HaA KHONKY Yes,

Do you trust the authors of the files in this folder?

files in this

Trust the authors of all files in the parent folder 'student’

No, I don't trust the authors
Browse folder in restricted mode

Click->

5.3.2 Hobasbre myTeit s pasperenust yactu include gupexktus. OTKpoiiTe

.vscode -> ¢_cpp_ properties.json

L

~ MYCHAR

ick> |

unch.json

3amMeuyaHue:

Ecau amozo dating nem, mo neodbrodumo 20pAvuUMYU KAGBUULAMU
Shift+Ctrl+P ewssamv noae 66oda komand u eviopamyv C/C++:
Edit Configuration (JSON)

5.3.3 Honumure B noJie includePath ciemyroriue crpoku:
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"configurations":

"name": "linux
"includePath

JIUTsT y106CTBa, BOCTIONb3yiiTech daitiom vscode lines.txt B mamke support. Ctrl+S

JJIgd COXPaHCHMA.

5.3.4 Uzyaure ncxojanbl Koj B daiisie spi_temp.c. st paborsr ¢ SPI un-
tepdeiicom, B Linux ecTh roToBbIE CTPYKTYPhI, KOTOPbIE B JIaHHON paboTe Hc-
OJIB3YIOTCH.

I3 ocobennocTeil, KOTOpbIE XOTEJIOCh Obl OTMETHTH, 9TO CTPYKTYPa OIIICAa-
Hue KoTopoii HaunHaeTcst ¢ 11 crpoku. B Heit onncbiBaeTcst pexkum paboTsl SPI
nnrepdeiica, B ToM 4ucje Homep nHTEepdeiica B cucreme. B janHom ciydae 1,
Ttak Kak 0 3aHsT kontrposiepom QSPI mamsitu.

Tak ke oOpaTuTe BHUMaHHE Ha OPraHU3AIMI0 TPAH3aKIMU, OINNCAHHYIO B
dbyHKIWN ext__spi_write (Hagasio onmcanus ¢ 28 ¢Tpokn). B Heil ucnosib3yercs
cTpykTypa spi_transfer, nndopmalinio 0 KOTOpoil MOKHO IOJIYYUTh, U3YIUB

CCBLIKH IIPUBEJICHHBIE B HadaJie J1abopaTopHOil pabOTHI.

5.3.5 [Tepeiture B Tepmunas (MoxKHO OTKPbITH BKIajgky TERMINAL s
vscode, eci eé He BuJHO, BbiOepuTe B MeHio Terminal — New Terminal) u

cobepuTe MOTY/Ib KOMaH IO

# ARCH=mips CROSS_COMPILE=mips64el-linux-gnuabi64 - make

5.3.6 [TpoBepbTre 3HaveHne cucremuoii iepementoit BRD  PASS

# echo $BRD_PASS
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€CJT BBIBOJI OBLIT IIyCTOM, IPONHUIINAIN3UDPYHTE ITepeMEeHHYT0

# export BRD_PASS="usrnetuser"

5.3.7  CkomnupyiiTe MO/Y/Ib Ha TLIATY

# ARCH=mips CROSS_COMPILE=mips64el-linux-gnuabi64- make install

5.3.8 [MoakmrounTte moyib PmodALS kak mokazaHo Ha pucyHKe

PmodALS

<2
Xxor

12102 2l Sadnl
UAR 2"

5.3.9 [IepeiijinTe B TepMUHAJ TLIATHI, 1 aKTUBUPYiiTe JipaiiBep

$ insmod /home/netuser/spi_temp.ko

5.3.10 B Tepmunae Jo/KHa MOABUTCA MHMPOPMAIIIO O TOM, UTO JIpaiiBep

3apeructpupoBat, 1 10 pa3 cuuTaHO «ChIpoe» 3HaUYeHUe OCBEIIEHHOCTU C J1aT-

quKa.

5.3.11 Breirpysute apaiiBep KoMaHIOM

$ rmmod spi_temp

1)



5.3.12 BreikmounTe miary, JiJisd 4ero B HadaJie BBEJUTE KOMAHTY

$ poweroff

JOK/INTECh, KaK IMOABUTCA HA/JIINCH

reboot: System halt

nocJie yero orkaounTe USB kabesb ot [TK min miaThr.

5.4 3agaHue AJisI CAMOCTOATEJILHOI paboThI

Brecute n3menenns B TEKYIIWIl JgpaiiBep TaKUM 00pa3oM, UTO OBI CO31a-
Basicsd aiin B manke /dev, dTeHme KOTOPOTO JaBajio Obl TeKyllee 3HAYEHIe
OCBEIIIEHHOCT.

B sToM MoxkeT momoub KoJ u3 sabopaTopHoit paboTs [3

* Buecure usmenenue B apaiiep yeTpoicTB TakKuM 0O6pa3oM, 9To Obl 4acToTa,
HOMep spi muHbl, 1 uHjekc BbiBoga Chip Select nepegaBasuch yepes onucanue

B JlepeBe YCTPOICTB:

pmodals {
compatible = "digilent ,pmodals";
spi_cfg = <400000 1 0>;
status = "okay";

}s
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JlabopaTopuaga padora Ne 6

JlpaiiBep 12C ycTpoiicTBa

Ienb: Axktusuposars 12C KoHTpOLIED, 1 HAIMCATEL IPOCTOI npaiiBep mis

yeTpoiicTBa nojkaouénnoro K 12C mmme.

Onucanme:Padbora ¢ [2C unrepdeiicom He TpedyeT paspabOTKH MOJLYJIs
sIJIpa, IIPY YCJOBUH, YTO BHEITHII MO/IYJIb He TpeOyeT JOMOTHUTEIbHBIX YIIPaB-
jsromux jgunnit. B OC Linux ectb Hab0op IporpaMMHBIX IIPOAYKTOB, ITO3BOJISI-
OIUX CKaHUPOBATh (12cdetect) o K/TFOUEHHBIE MOJLYJTH, C [EJIBIO ONPe/Ie/IeH s]
aJIpecoB YCTPONCTB Ha IINHE, a TaK »Ke JJIsi KOHTPOJIA UcHpaBHOCTH. Tak ke
MOJLY/TH TO3BOJISIIONINE OTIPaBIATh (12¢  set) um npuanmars (i2¢ get) gamubie .

B nanHoit pabore, OyaeT NpuBeAEH IpUMep IMPUJIOXKEeHN, 00eceunBatoIe-
o0 HACTPOWKY M B3auMojeiicTBue ¢ BHEITHIM MojrysieM GY-87 mpejicTasioniem
c000ii HABUTAIMOHHBIN MOy Th ¢ 10-t0 cTenensiMir ¢BOOOBI (3-X 0ceBOil THpo-

ckorr n 3-X oceoii akcesaepomerp MPUG6050, 3-x oceBoii jaTdukK MarHUTHOI'O

nosist HMC5883L u 6apomerp BMP180).

Ilone3Hbie cchblIkMT:
e [locyieioBaresnbublit maTepdeiic 12C.
e Kernel Doc: Devicetree Dynamic Resolver Notes

o Kernel Doc: 12C API
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http://www.gaw.ru/html.cgi/txt/interface/iic/start.htm
https://docs.kernel.org/devicetree/dynamic-resolution-notes.html
https://www.kernel.org/doc/html/v4.15/driver-api/i2c.html

e Omnucanue Moyt GY-87

TDK MPU6050: onucanue

TDK MPU6050: koH(burypaimoHHbie perucTphbl

Honeywell HMCH883L: onucanue

Bosch BMP18&0: onucanune

6.1 3anyckK m INOAKJIOYeHIEe K YCTPOMCTBY

6.1.1 3amycTuTe BUPTYaIbHyIo Maluhy. JIorun n mapoJib 11 Bxoj1a: student

/ usrstudent.

6.1.2 [Tonkmounte o USB miary k [TK. [Iposepbre, n ipu HEOOXOIMMOCTH
nojkaounte USB ycrpoiicteo FTDI RBM  C1K5500VKO018 k BupTya/bHOI

marmmae (Merto Device—USB).

6.1.3 lobasbTe KI0um B ssh-agent

# ssh-add

Brmmure dppazy 3ajanmyo B myHkTe [2.3.1

6.1.4 Otxkpoiire nporpammy gtkterm, u nogkmouanrecs K mopry /dev/ttyUSB1

6.1.5 Ecmm B okHe TepMmHas a HET TEKCTa, HayKMHUTe KjaaBuiry Enter ma
KJaBuaType. BbIBoj B TepMIHAJIE JIOJIZKEH OBITH TTOX0K Ha TOT, YTO Ha PUCYHKE

HUZKE:
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https://hadex.cz/spec/m442d.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Datasheet1.pdf
https://invensense.tdk.com/wp-content/uploads/2015/02/MPU-6000-Register-Map1.pdf
https://cdn-shop.adafruit.com/datasheets/HMC5883L_3-Axis_Digital_Compass_IC.pdf
https://cdn-shop.adafruit.com/datasheets/BST-BMP180-DS000-09.pdf

GTKTerm - /dev/ttyUSB1 9600-8-N-1

File Edit Log Configuration Controlsignals View Help

kmki 6F0 5 login: [}

Bsengure jorun root m mapoJb root.

6.2 IloaroroBka HaJI02KEHHOI'O JepeBa YCTPOMCTB

OcHoBHasi KOH(MUIYpaIHsT TEJEBOI IJIaThI IPEJIIT0JIAraeT, YTO IPAKTUIeCKN
BCE BBIBOJIbI HACTPOEHBI i yipanieHus depes 00k GPIO. Jlnsg paborsl ¢
[2C, neobxo MO BBeCTH JIBE MpaBKU: paspemuTh padbory [2C konTposiepa u
nepeaTh MO ero YIpaB/IeHNs BHIBOJIBI JIJ1sT KOMMYHUKAIMH C BHEIITHUM MUPOM.

[Iporieccop na maate comepkuT Tpu Kontposepa [2C, ogHako BOCIOIb30-
BaTbCsSI BO3MOYKHO TOJIBKO OJIHUM, TaK KaK BBIBOJIBI JIBYX OCTABIIMNXCS 3aHSTHI
KOHTpOJIepoM KapTel mamMsiti (sdhci), u npn ux wasnauenun na 12C unTep-

deiic, OC Linux He cMOXKeT 3arpy3uTCs.

6.2.1 CozmaiiTe pabovyro TalKy B BUPTYaJIbHON MaITHHe I CO3TaHns Ha-

JIOZKEHHOT'O JlepeBa YCTPOWCTB U IiepeliiuTe B Hee

# mkdir -p $BAGET/lab_06/devtree
# cd $BAGET/lab_06/devtree

6.2.2 Cozaiire HOBBII daii

# kate of_i2c2.dts

1 3alluInuTe B Hero CJIG[LYIOLLLI/II;JI TEKCT
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/dts-v1/;

/plugin/;
/A
fragment@0 {
target-path = "/gpio@1b400380";
__overlay__ {
i2c¢2_pins {
phandle = <0x01>;

i2c2_scl {

function = "i2c2_scl";
groups = "i2c2_scl";
}s
i2c2_sca {
function = "i2c2_sca'";
groups = "i2c2_sca'";
3
}s
};
}s
fragment@l {
target-path = "/i2c@1b400130";
__overlay__ {
status = "okay";
pinctrl -names = "default";
pinctrl-0 = <0x01>;
};
}s
__local_fixups__ {
fragment@l {
__overlay__ {
pinctrl -0 = <0x00>;
+s
3
3
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[lepBhIit dpparMeHT, 9TO JONOJHEHNE K HOJE OIHUChIBaoOIIeil OaHK BBIBOIOB
D. B sTom pomnosiHeHnn co3/aeTcs KoHMUrypalus, i [epejiadl yIIpaBIeHusI
yacTbio BbIBOJIOB [2C KoHTpoOsLIepy. Bynbre BHUMATEIbHBI, HE JIFOOOH BBIBO/I
MozkeT ObITh 1epejan [2C KoHTposLIepy.

Cuientytonuit pparMeHT IpaBoK, KacaeTcst JONOJHEHNs K OIMCAHIIO 12¢ KOH-
TpoJsiiepa. [lepBoe, 310 ero akTuBaIms, 3allChl0 B napaMeTp status snadenusi
okay. Tax ke, BBOIUTCS J[Ba, JIOIOJHUTE/IBHBIX IIapaMeTpa, OJINH XPaHUT B cebe
Ha3BaHIe KOH(MUIYPaIi BbIBOJAOB, BTOPOIl — JjIsI YKa3aHUs MACHTU(MOUKATOPA
koHdurypaimn. O6patuTe BHUMAHNE, YTO 3HAYEHNE Y HErO COBHMAIAECT (U 9TO
BayKHO) co 3HaderneM phandle y ormucamusi BBIBOJIOB U3 MEepBOro (bparMeHTa.

[TocsiesiHsist cTpoKa rapaHTHPYET, YTO IOCJe IIPUMEHEHHS 9TOr0 JIOMOJHe-
HUs, 3HAaYeHne rnapamMerpa pinctrl-0 6yjaer coorBeTcTBOBaThH 3HadeHno phandle
rpynnnl i2cs pins. lemo B Tom, uTo 3navenne phandle n3 mepsoro dgpparmen-
Ta, Oy/IeT aKTyaJn3UPOBAHO, JJis Pa3pelleHns KOLIH3UHA (TaK KaK B UCXOHOM
device-tree y2ke ecThb HOJIa, ¢ TaKUM 3HaUeHneM phandle), u mocsie Hsist cCTPOKA B
OIMCAHUN UCIIPABJICHUIT TIOSICHSIET CUCTEME, 9TO TI0C/Ie pas3pelleHns KOJLIN3NN,
HEe0OX0/IMMO OOHOBHUTH 3HAUYEHHE YKa3aHHOTO TapaMeTpa (3Hadenue () 3apesep-
BUPOBAaHO, U B JIJAHHOM KOHTEKCTE O3HAYaeT CChLIKY Ha 3HAUYCHHUE HapaMerpa
phandle).

Y3HaTb, KaKoil 6aHK BBIBOJOB, M KAKNE BBIBOJbI MOT'YT OBITH UCIIOJIb30BAHBI
¢ TeM WM MHBIM HHTepdeiicoM, Kakue 3HadeHusi phandle y»ke mncob30BaHbI,

1 IIPOCTO JIJIsl JIFOOOIIBITCTBA MOXKHO OJIHMM U3 JIBYX CIIOCOOOB:

1. U3 camoii crcTeMbl, H3y4nB TOKATAJIONH gpio, B KaTajore /proc/device-
tree/ (pekOMeHJyeTcsi JJisi CANTBIBAHUS 3HAYEHIE TOIO UJIM WHOTO Mapa-

METPa NCIOIBL30BATL KOMAILY cat).

2. IIpeobpazoBas bunapublii daits1 device-tree cucreMbl B TEKCTOBbIN BHJT
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# dtc -@ -0 -dts -o /tmp/root.dts \
$BAGET/support/barebox/k5500vk018_rbm.dts

# kate /tmp/root.dts

[TocmoTpute Ha HObI, onuckiBatomne banku GPIO BeiBonos. Tak ke obpa-
TUTE BHUMaHUE, Ha 00bsBIeHne KoHpUryparuit BeiBojoB s sdhci KoHTpoJI-
Jlepa, 0COOEHHO, KaK 3Ta KOoHMUryparus pa3onura MexKy JByMsi OaHKAMU BbI-
BOJIOB, Ha 3HaveHue napamerpa phandle kaxkoit rpymmbl. CpaBHUTE 3HAYEHNE
napameTpoB phandle KoHdUrypaIMOHHBIX TPYII, U 3HAYEHUs TIEPEUNCIEHHbIE B
nmapamerpe pinctrl-0 y vHozbr jyist kontposuiepa sdhei. (He crecHstiiTech UCHIOIb-

30BaTh MOUCK 110 (ailjy).

6.2.3 Coxpannte m3meHenust Ctrl+S u 3akpoiire pegakrop Ctrl+4Q.

6.2.4 Cromnuupyiite u oTrpasbTe (aiia Ha riaTy

# dtc -@ -0 dtb -o ./of_i2c2.dtb ./of_i2c2.dts
# scp ./o0f_i2c2.dtb netuser@192.168.100.200:/home/netuser/

6.2.5 [TepeituTe B TepMUHAJ IJIATHI, U TIepeMecTuTe haiis B nanky barebox

$ mv /home/netuser/of_i2c2.dtb /barebox/

6.2.6 Ucnpasbre daitn barebox.sh

$ nano /barebox/barebox.sh

Brmmure nocste crpokun DTB=k5500vk018 rbm.dtb cremyionyto cTpouky:

fdt_apply -i $DTB -1 of_i2c2.dtb -o /dtb && DTB=/dtb

Coxpannre usmenenus u Bbiiinre u3 pegakropa (Ctrl+S,; Ctrl4X).

6.2.7 [Iepezarpysute miaty KomMaHjoii reboot.
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6.2.8 [Tocse mepe3arpy3Ku BBITIOJTHUTE KOMAaHLy

$ 1s /dev/i2cx*

B BbIaum JI0IZKeH MprCcyTCTBOBAThH (aitn i2¢-0. Ecin ero ner, BeImoHnTe
KoMam Iy dmesg Ha 1eseBoil mirardopMe, U U3yIuTe JIOT 3arpy3Knd Ha IPeMeT
ommubox nuurraan3aiuu 12C KoHTpoJiepa, Ipu UX OTCYTCTBUHU, TIepe3arpy3nuTe
ATy, U U3YUUTE JIOT PAdOTHI 3arpy3unKa, Ha MpuMep OIMuO0K B HAJOKEHHOM

JiepeBe yCTPOMCTB.

6.3 Pabora c 12C u3 user-space

6.3.1 [Hoakmounte momynbr HW-290 k miare, Kak 1mokaszaHo Ha PUCYHKE

6.3.2 Bocnossayiitech kKoman 10t i2cdetect s momcka ajpecoB TMOJIKJIIO-

YeHHBbIX K BhIOpannoit 12C mune ycrpoiicTsa:

# i2cdetect -y O

rie 0 910 nHjeKe 12¢ aganrepa, BCIOMHUTE 9TO Bbiasa KoMaHa ls /dev/i2¢*.
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root@baget :~# 12cdetect -y 0
@ 1 2 3 4 5 6 7 8

MoryT BOBHUKHYTH OIIMOKHM IIPU CKAHUPOBAHUM, YOeIMTeCh, YTO K BBIBO-
naMm [2C KoHTpoOJLIEpa MOJK/IIOUEHbl HOATIINBAONINE K TUTAHUI0 PEe3UCTOPHI,

U MOAYJIb IIOAKJIIOYEH KOPPEKTHO.

6.3.3 CkornmpyiiTe mpumep mporpammbl padboraroreii ¢ [2C u oTkpoiite eé

B pejlakTope vscode:

# cp -r $BAGET/support/i2c_app $BAGET/lab_06/app
# cd $BAGET/lab_06/app; code

[IpoekT cocTonT N3 HeckoJILKUX daitios. [lepBolii, 370 0OCHOBHOI (hailt mpo-
rpamMMbl appi2c.c. [IBa apyrux gaBagroTcd 0OEPTKAMU I B3aWMOJIEUCTBUAA C

[2C unTepdeiicom.

6.3.4 CroMIunpyiire mpuIoKeHne

# make

6.3.5 Ecim koMmmsinys 1mpolnia yCIemHo, OTIpaBbTe M0y YeHHOe TTPUIO-

ZKeHue Ha IIJIaTy:

# scp $BAGET/lab_06/app/app \
netuser@192.168.100.200:/home/netuser

6.3.6 3amycTuTe NpuIozKeHne Ha, 1aTe

$ /home/netuser/app
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HporpaMMa JOJIZKHa YCIIETHO IMOAKJIIOYUTLCA K MO/YJ/ITO 1 Bbl/laBaTh B KOH-

COJIb JaHHBbIE C aKCEJIEpOMETPaA.

6.3.7  OcranoBute padbory nporpammbl HazkaB Ctrl+C.

6.3.8 BrikjiounTe miarty, AJis 4ero B HavdaJjle BBEJIUTE KOMAHILY

$ poweroff

JO2KJINTECh, KaK ITOABUTLCA HaIAIIMCh

reboot: System halt

nocye yero orkaounTe USB kabess ot [IK nin miaThl.

6.4 3SagaHue AJIsI CAMOCTOATEJILHOI paboThI

HonumuTre nporpamMmy Tak, 9TO Obl OHa COODINAJa, O HAIIPABJICHUU IIepe-

merrenns B miockoetn XY (BBepX, BHI3, HAJIEBO, HAIIPABO)

* Cobparb MOJY/Ib sJIpa, KOTOPLI Oyjaer obecrnednBaTh KOMMYHUKAIIO Ye-
pe3 [2C unrepdeiic ¢ akcesepomerpoMm. CunThiBaHUe JAHHBIX 00 U3MEPEHHOM

YCKOPEHUN 110 ocsiM 1uepe3 daita B manke /dev.
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JlabopaTopuaga padbora Ne 7

JlpaiiBep Serial ycTpoiicTBa

Ienb: AxruBamus Serial yerpoiicrsa, n namucanue [1O s paboTh! ¢ HUM.

Onucanme: Bruectu npaBku B device tree juist akTupanuu Serial KOHTPOJI-
Jepa U Iepeadn BBIBOJOB 10 ero yipasjienune. Cobparh U MPOTECTUPOBATDH
tectoBoe 110, KoTopoe obecrieanBaer paboTy ¢ ycrpoiicTBoM depe3 Serial nH-

Tepdeiic.
Ilose3nbie cChbLIKM:
e Linux Serial Ports Using C/C++.
e Kernel Doc: Devicetree Dynamic Resolver Notes

o Kernel Doc: SPI API

7.1 3aIlyck M HOJKJII0OYeHHEe K YCTPOICTBY

7.1.1 3amycTuTe BUPTYaIbHYIO MaliuhHy. JIormH n maposib 11 Bxojta: student

/ usrstudent.

7.1.2 [TojksmounTte o USB mnaty k [TK. ITpoepbre, u 1pu He0OX0IMMOCTH

nojkaounte USB yerpoiicreo FTDI RBM  C1K5500VKO018 k BupTyaJibHOI
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https://www.kernel.org/doc/html/v4.15/driver-api/spi.html

marae (menio Device—USB).

7.1.3  /obaBbre Kjtoun B ssh-agent

# ssh-add

Brmmmure dpazy 3ajanyio B mynkTe [2.3.1

7.1.4  Orkpoiite mporpammy gtkterm, u moakmounTecs K mopry /dev/ttyUSB1

7.1.5 Ecmm B okne TepMmHas a HET TeKCTa, HaxKMHUTe KjaaBuiny Enter ma

KJIaBUaType.

GTKTerm - /dev/ttyUSB1 9600-8-N-1

File Edit Log Configuration Controlsignals View Help

kmkide34066F01 5 1o gin: I

Bsenute jorun root m mapoJb root.

7.2 TIloaroroska Device Tree Overlay

7.2.1  CozjaiiTe pabouyio namnky B BUPTyaJibHON Maruue Jijisi device-tree

overlay u mepeiijure B Heé

# mkdir -p $BAGET/lab_07/devtree
# cd $BAGET/lab_07/devtree

7.2.2 Coziaitre HOBBII daii

# kate of_serial2.dts
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U 3alUIIUTEe B HErO CJAEAYIONUIl TeKCT

/dts-v1/;
/plugin/;
/A1
fragment@0 {
target-path = "/gpio@1b400200";

__overlay__ {

serail2_pins {
phandle = <0x01>;

uart2_rx {

function = "uart2_rx";
groups = "uart2_rx";
};
uart2_tx {
function = "uart2_tx";
groups = "uart2_tx";

};

fragment@l {

target -path = "/serial@1b511000";
__overlay__ {

status = "okay";

pinctrl -names = "default";

pinctrl-0 = <0x01>;

3
};
__local_fixups__ {
fragment@l {
__overlay__ A{
pinctrl-0 = <0x00>;
};
}s
};
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7.2.3 Coxpannte m3meHenust Ctrl+S u 3akpoiire pegaxkrop Ctrl+4Q.

7.2.4 Cromnuupyiite pparMent, JJist 9TONO BBIIOJHUTE CJIEJYIONIYIO0 KO-

MaHLy

# dtc --symbol -0 dtb -o ./of_serial2.dtb ./of_serial2.dts

7.2.5 CronmpyiiTe 1moJydeHHblit (aiia Ha miary

# scp ./of_serial2.dtb netuser@192.168.100.200:/home/netuser/

7.2.6 [IepeiinTe B TepMITHAJ ILJIATHI, U TIepeMecTuTe (haiis B ranky barebox

$ mv /home/netuser/of_serial2.dtb /barebox/

7.2.7 Otkpoiite ckpunt barebox.sh s pegakTUpOBaHUSI

$ nano /barebox/barebox.sh

n Brumute nocie crpokn DTB=k5500vk018 rbm.dtb ciemyromnyio cTpouky

fdt_apply -i $DTB -1 of_serial2.dtb -o /dtb && DTB=/dtb

7.2.8 Coxpannre usmenenns (Ctrl+S, Ctrl+X), u nepesarpysure mwiary ($
reboot)

7.2.9  Ilocne nepesarpysku Boiijgure B cucremy (root/root). U BeimosanTE

KOMaH 1y

$ 1s -1 /sys/class/tty/ttyS2
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HalKa JOJKHA CChLIATHCA Ha YCTPOICTBO C aJIpecoOM aKTHBUPOBAHHOI'O KOH-
TpOJLIepa, €CJIN 9TO He TaK, 3HAUNT ObLIa JIONYyIIeHa OIMNOKa B OMUCAHNN Ha-
JIO?KEHHOI'O JIepeBa yCTPOICTB, WM IpHU peJakTupoBaHun gaitia barebox.sh.

Mzyunte conep:kumoe (aitjioB u JIOr 3arpy3KHU.

/sys/class/tty/ttyS2->../../devices/platform/1b511000.serial/tty/ttyS2

7.3 TecroBoe npujoxkKeHue

7.3.1 CrommpyiiTe NCXOHUKNA B PA0OUIYIO TAIKY

# cp -r $BAGET/support/serial_app $BAGET/lab_07/app

7.3.2 [TepeiinuTe B paboumii KaTaJjor, n 3amycTute vscode

# cd $BAGET/lab_07/app; code

7.3.3 Wzyaure daitr main.c. B ném Tosbko jaBe dyukiun. OHa it THI-
uaan3annn UART korTposiiepa, B KOTOPOi OTKIIIOUAETCs BCs IIPe1o0padoTKa
OTIPABJIIEMbBIX W IPUHUMACMBIX JIAHHBIX ONEPAIMOHHON CHCTEMOI, YTO 103BO-
JIdeT TepeaBaTh pas3ndHble JaHHble depe3 nnrepdeiic 6e3 morepb. Tax ke
TYT HACTPAUBAETCSA CKOPOCTD Iepelatin 1 MpuéMa.

B ocroBHOM KOJ1e co3maéres nBa Oydepa, jiJist IpuéMa 1 OTIPABKU JIAHHBIX.
Sarem ojuH Oydep HHUINAIN3UPYETC HAYa bHBIMI 3HAUYCHUSIMI 1 3a1TyCKAeT-
sl Tepejiada JJAHHBIX. 1yT HY?KHO 00paTUTh BHUMAHIE Ha TO, UTO allllapaTHbIi
FIFO 6ydep UART konTpoiepa nuMeer OrpaHndeHHbIl 00bEM, B JJAHHOM CJIy-
qae 16 our (canraiite 3navenne u3 daitna /sys/class/tty /ttyS2/xmit _fifo size).
[To »ToOli MpuumHe, ecjau He ycleTh cYuTaTh 16 6uT u3 npuémuoro dydepa, TO

BCE UTO Oy/leT IPUHSITO JaJiee, OYIeT IOTEPSIHO.

7.3.4 CxoMImmpyiiTe n oTIpaBbTe KOJI Ha IEJIEBYIO ILIaThOpPMY
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# make

# scp ./serapp netuser@192.168.100.200:/home/netuser

7.3.5 SamkuuTe BoBoLI RX 1 TX u 3amycrure nmporpaMmy Ha ILIaTe

$ /home/netuser/serapp

B KoHCOIM JIOJIZKHO TOSIBUTHCS COODINEHne 00 YCIIENTHOM 3aBeplieHun. Fem

HET, TO HeO6XOﬂHNK)HpOBepHTbIHﬂHUHOquHe,MﬁHaCTpOﬁKH.

7.3.6 BrikiodanTe miaTy, JJ1s 9ero B Hadaje BBEINTE KOMAHTY

$ poweroff

HO02KJINTECH, KaK ITOABUTLCA HaIAIINCh

reboot: System halt

nocse yero orkaounTe USB kabess ot [IK nin miaThr.
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JlabopaTopuaga padora Ne 8

Web unrepdeiic

ILenn: IIpocroit WEB unTepdeiic misg B3auMoaeiicTBust ¢ 1m1aTdopMoi.

Onucanme: B janHoii jaboparopHoit pabore, Oyjer co3jiaH HpocToil web
cepBep I/ MOHUTOPUHTA PECyPCOB, W YIPABICHUS Keae30M ynaaeuno. Jlan-
HBIIl TIPOEKT TTOKaXKeT, KaK MOYKHO OPraHn30BaTh I'PadUUYECKUil M0JIb30BaATE b
ckuit marepdeiic a8 paboThI ¢ ¥Kejae30M, 0e3 HeoOXOTUMOCTH TAIUTh Ha, T11a-
Ty TUrabaiiTel rpadpuieckux OUOJIMOTEK U MOJHUMATE JIPaliBePHI /I PAOOTHI ¢

JAUCITJICAMMU.

ITosre3HbIE CCHLIKM:
1. Apache off. page.
2. Apache Tutorial: Dynamic Content with CGI

3. ReadHead Doc: CGI.

8.1 IIpaBka rootfs

B mannoit pabore OyaeT npousBoanThesa padbota ¢ cepsepom Apache2 u CGI

nHTeprperaTropoM. B coBpemennoit WEB paspaborke mpejmourenue oTgaloT
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FastCGI mim uWSGI B cBsizke ¢ nginx cepBepoM, MCXOJisl 13 BOIIPOCOB ObICT-
pogeiicrBust. OHAKO HACTPOIKA IOJMOOHBIX CHCTeM 0oJiee KOMILIEKCHAs, 1 He

OTHOCHUTBCA K BOIIPOCY IIPOEKTHUPOBaHMA BCTpauBacMbIX CHUCTEM.

8.1.1 [IepeiinTe B malky 1mepBoil jjabopaTopHOil paboThl, 11 JT00aBICHUST

H€O6XQHHMLD(KOMHOHGHTOB

# cd $BAGET/lab_O01

# sudo chroot ./rootfs

8.1.2 YcTaHOBUTE HEOOXOIMMbIE TIAKEThI, BeO-cepBep apache, pacimpenue
It paboThI ¢gi cKpunToB, a TakxKke pyhtond, tak kak CGI ckpuntsl Ha bash

co3/laBaTh MOYKHO, HO OOJIBHO.

# apt-get install -y \
apache2 \
python3 \

virtualenv

8.1.3 AxTuBupyiire Mmomyb 00paboTKI ¢gi cKpunToB apache cepeepa

# a2enmod cgi

8.1.4  Ilo-ymosruanuio, cgi ckpunthbl uiryresa B manke /usr/lib/cgi-bin, wne-
paBbTe IIyTh MMOUCKa Ha /var/www /cgi-bin, s dero orkpoiite daiis onnca-

HUS caiTa:

# nano /etc/apache2/sites-enabled/000-default.conf

n BHyTpHU HOJBI VirtualHost monmmmre

ScriptAlias /cgi-bin/ /var/www/cgi-bin/
<Directory "/var/www/cgi-bin">
Options ExecCGI

SetHandler cgi-script
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</Directory>

Coxpannre u 3akpoiire daita (Ctrl+S,; Ctrl+X).

8.1.5 SaBepinTe HACTPONKY rootfs

# exit

8.1.6 Crommmpyiite nanky html n cgi-bin n3 karasiora support B manky rootfs

# sudo cp -r $BAGET/support/web/* ./rootfs/var/www/

8.1.7 V3mennTe Birajiesblia A1 TAIKA ¢ COIEPXKIMOM caiiTa,

# sudo chown -R www-data:www-data ./rootfs/var/www/

8.2 3anwmch Ha SD kapty

8.2.1 Berasbre SD kapry B [IK, n nojkiodnTe €€ K BUPTyaJIbHOI MallnHe

Help
s U8 Audio >
= Network %
L7 UsB - {5 USB Settings...
. Q Webcams »

Intel Corp. [0001]

SunplusIT Inc Integrated Camera [5422)
Generic Lenovo USB-C Mini Dock [0004]
Lenovo Mini Dock [3103]

V1A Labs, Inc. Lenovo USB-C Mini Dock [0001]

Synaptics, Inc. [0164]

B & Upgrade Guest Additions...
AHB |
AHE 6 14:58

3 15:08

Generic Mass Storage Device [0100]
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8.2.2  Heobxojumo y3HaTh TOUYKY MoHTHpoBaHusi SD kaprbl. OHa MOKeT
OTJIMYATHCS B 3aBUCUMOCTH OT pujepa. [ljas ympormienus BBoja, BLIOJTHUTE

KOMaHJAYy B KOHCOJINX:

# mount | grep ~/dev

BreiBoj1 Oy1eT nmpuMepHoO Kak Ha PUCYHKE

student@ubuntu - ia/st t/3c65af7a-5105-4c2a-aae5-081235c¢786d4$ mount | grep “/dev
5 on e : latime,errors=remount-ro

1 on /boot/efi type relat a 37,iocharset=i508859-1,shortname=mixed,errors=remount-ro)
/sdbl on /media/student/3c65af7a-5105-4c2a-aae5- 5d4 type extd (rw,nosuid,nodev,relatime,uhelper=udisks2)

[TepBbie JiBe CTPOUKU, 9TO pas/iesibl BUPTYATbHOIO YKECTKOTO JINCKA, Jajee
Touka MoHTHpOBaHus SD kaprer (/media/student/. . .)
Jljist yuporenust BBojia, co3jiaiite BpeMEeHHYI0 CHCTEMHYIO TIeEPEMEHHY 0, KO-

Topasi OyJIeT COJlepKATh MyTh K Talke, jis npumMepa(!) Ha pucyHke BbIIe:

# export BAGET_SD=\
/media/student/3c65af7a-5105-4c2a-aae5-081235¢c786d4

Hy2KHO TOMHUTD, 4TO 3Ta MepeMeHHas CylnecTByeT TOJbKO B TOM TepMuHa-
Jie, e OBbLT BbI3BAH eXport, B OCTaJIbHBIX OKHAX TePMUHAJIA OHA HE CYIIECTBYET,
ecan Brl 3aKkpoeTe Tekylllee OKHO, Wn BaM moHA 00UThCs 9Ta IepeMeHHasd B

JIPYT'OM OKHE, HEOOXOUMO OYJIeT MOBTOPUTH IIPOIEYPY MPUCBOCHMUS.

8.2.3  Vnanute Bce dailibl ¢ sd KapThl

# sudo rm -rf $BAGET_SD/x*

cKonupyiire 0OHOB/IEHHYIO (DAIIOBYIO CHCTEMY Ha KapTy MaMsTh

# sudo cp -a $BAGET/lab_O1/rootfs/* $BAGET_SD/

u orMoHTHpYHiTe SD Kapry

# sudo umount $BAGET_SD

(sT0 Baxkno, tak kak B OC Linux 3ammch JaHHBIX HA HOCUTEJH MPOUCKOIUT

B (i)OHe, 1 €CJIM Bbl OTKJIIOYUTE HAaKOIIMTEJ/Ib «HEIIPpaBUJILHO» TO HET rapaHThuu,
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qTO JIAHHBIE YCIEJH 3alicaTbesd Ha HocuTesb!). Jlokurech Korja KOMaHa

BBIIIOJIHUTLCA, IIOCJIE 9€Ir0 JOCTaHbTE SD KapTy 1 BCTaBbTE ee B IJIATY.

8.2.4 [Topkmounte USB muypoMm miary k [IK. I[IpoepwTe, n npu Heobxo-
nnvoctn nogkmounTe USB yerpoitcteo FTDI RBM  C1K5500VKO018 k BuUp-

TyasbHoil Mamnie (Merio Device—USB).

8.2.5 SamycTute nporpammy gtkterm

8.2.6  Bmibepure nopt /dev/ttyUSB1

Ecin B OKHe He INOSIBUJICS TEKCT, U Ha HakaTue KJaBuinn Enter tak ke
HeT peakIny, HaXKMHUTe Ha KHONKY Reset Ha miare. VI3yunre BeIBOM, TaM OygeT
HAIIMCAHO, YTO IOIILI0 HE TaK.

O/MH 3 BapuaHTOB, KOTJa NpK 3almck ¢aiijioB Ha SD KapTy 4T0o-TO 1100u-

Jloch. B aToM ciydae, yBUIUTE MHOTO 3amuceil Kak B IpUMepe HUXKe:

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: registered as mciO

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: SDHCI timeout while waiting
for done

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: error on command 8

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: state = 0400 03ff, interrupt =
8001 0001

srisa-sdhci 1b50b000.sdhci@1b50b000.0f: r0 00000000 r1 00000000 r2
00000000 r3 00000000

Hy»kHo noBTopuTh Bce maru 3Toro pasjesia. [Ipu BeramManuu SD kap-

Thl yOeauTech, 4TO IJIaTa obecTo4deHa!

8.3 IIposepka

8.3.1 [IpoBepbTe, uTO cepBuc apache?2 paboraer.

$ ps -aux | grep apache2
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8.3.2 [Tocsie gero oTkpoiite Opay3ep B BUPTyabHOIl MalllnHe, U BOeiiTe B

ajipecHoe moJjie ip ajpec mwiarsl (192.168.100.200) BbI JOJKHBI TOYYUTH CTPa-

HUILY, KAK Ha PUCYHKE HUZKE

3 Apache2 Debian Default Page * ks “

@
1]

<« C O & 192.168.100.200 &S

Apache2 Debian Default Page

This is the default welcome page used to test the correct operation of the Apache2 server after installation on
Debian systems. If you can read this page, it means that the Apache HTTP server installed at this site is working
properly. You should replace this file (located at /var/www/html/index.html) before continuing to operate
your HTTP server.

If you are a normal user of this web site and don't know what this page is about, this probably means that the
site is currently unavailable due to maintenance. If the problem persists, please contact the site's administrator.

Debian's Apache2 default configuration is different from the upstream default configuration, and split into
several files optimized for interaction with Debian tools. The configuration system is fully documented in
/usr/share/doc/apache2/README.Debian.gz. Refer to this for the full documentation. Documentation for the
web server itself can be found by accessing the manual if the apache2-doc package was installed on this
server.

The configuration layout for an Apache2 web server installation on Debian systems is as follows:

/etc/apache2/
. |-- apache2.conf
0 ‘--  ports.conf

3aMedyaHme: ecjii Bbl MOJYUIIN Pe3y/abTaT, UTO CTpaHUI@A He HaiijeHa, IIpo-
BepbTe, UTO y ajipeca npedukc http u nmopropure nomnbiTky cHoBa. [lomHuTE,
ecyi Opay3ep He HaXOJUT OTBeTa OT http, oH aBTOMaTHYECKN NEPEKII0IACTCs
Ha https n npodyer HaiiTi 9T0-TO TamM. A Tak Kak npeduKc ornpe/ieseT mopT, K
KOTOPOMY OTHpaB/sAioTcst 3anpocsl (https sTo 433 mopr), To BazkHO yOeuThes,
970 Opay3ep MbITAeTCs TOIKIIYATHCA K HYKHOMY MOPTY (B KOHMDUTYpAIsT

ormcamn ToIbkKo 80 1opT).
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8.3.3 B TepMuHaJie TIATHI, 3aIIyCTUTE COKET, JIjIsT YIIPABIEHUsT CBETOINO/ 1A~

MU

$ python3 /var/www/led_socekt.py &

8.34 OTrxkpoiire B 6pay3epe crparuiry admin.html: 192.168.100.200/admin.html

BbI JIOJIZKHBI YBUJIETH CTPAHUILY CJIe/IYIONIEro BUIa

=3 Pure HTML CS5 Admin Templ= X = +

& C O 8 192.168.100.200/admin.html#

( ) BAGET ADMIN

Blinky page
Ledl Led2 Led3 Leas

[TepBoiit yHKT, Oy/1eT BblIaBaTh WHGOPMAINIO O T1aTe (CBOOOIHOE MECTO
Ha JIICKE, 3arpyrKeHHOCTD nporeccopa, n RAM namsru, IP axpeca miarsr).

BTopoii yHKT 03BOJISIET YIPABJISITH CBETOIMOAMI, TIOJIK/II0OUEHHBIM K IIE€P-
BBIM YeTHIPEM BbIBOjIaM OaHKa BHIBOJIOB F.

Hy»kHo nonumarh, 4To Beb-cepBep B cucTteMe padoTaeT, KaK eIié OJuH Tep-
MuHAJT (BCIIOMHUTE, KaK HOIKJIIOYAIICH K TEPMIHAJY IJIATHL [0 $sh, TyT HEITO
noxozkee). IIpu 9TOM MojKIIOYeHIe BEJIETCS HE OT UMEHH CYIePIOJIb30BATe s
(Tak JiesiaTh HUKOT/A HEJIb3sl, €CJIM KOHETHO He XOTHUTE CJiesiaTh GOJIBIION Mpo-
xo/1 B cucreMmy). MaJio Toro, 3TOT «10JI630BaTe/b», He MOXKET MOJIYIUTh JOCTY-
11a K KOPHEBOMY KATaJIOTy ILIATBI, JIJIsi HEI'O KOPHEBBIM KATAJIOIOM B sIBJISETCSI

narnka /var/www/ (B TeKyInx KOH(GUrypalys cepBepa).
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Tax ke, MOYKHO 3aMETUTD, UTO IIPH IIOIBITKE YIIPABJISITH CBETOIIOAME, BO3-
HUKaeT OoJIbIIasl 3aJeprKKa, MeXKJIy TeM KakK IIPOMCXOIUT HarKaThue KHOIKH Ha
BeO-CTpaHUIE U HEIOCPEJICTBEHHO MEPEKII0UCHIEM CBETONO/IA. DTO CBABAHO C
teM, uTo CGI TexHos0rMs He caMasi ObICTpasi, 1 B COBPEMEHHOCTH IIPUMEHSIET-
ca FastCGI win uWSGI. Opnako nx HacTpoiika 6osee kKomiiekcHast, uem CGI,

II09TOMY B paMKax JIaHHOI JlabopaTopHoil paboThl HE paccMaTPUBAJIACD.

8.3.5 BrikjiounTe miaty, JjIs 9ero B HavaJjle BBEIUTE KOMAHILY

$ poweroff

JO2K/INTECh, KaK ITOABUTLCA HaJAIINCh

reboot: System halt

nocse yero orkaounTe USB kabenb ot 1K wan miaTh.

8.4 3ajaHue AJisi CAMOCTOSTEJIbHOII paboThl

JlobaBTe BOBMOXKHOCTH yIIpaBJieHUsl BceMu BbiBojlamu OaHka F. MoxkHo Boc-
II0JTb30BATCS TEKTOBBIM PEIAKTOPOM Nano yCTAHOBJIEHHOM Ha IeJIeBOM ILIaT-
dopwme.

HeobOxoauMo BHeCTH NIpaBKM B cJieytolne aiibl:

e led socekt.py - mommcars sjemenThl B cTpoke 6 (eciaum daltii yxe 3a-
MyCKAaJICs, OCTAHOBUTE ero BbimoJjiHenne Komanoit killall python3, u ne

3aIlyCTHe €ro BHOBbB, MOC/IE PeIAKTHPOBAHNIA )

e /var/www/js/led ctrl.js - mommcars B mepBoil cTpoke ermé 4 seMenTa,
JIIS [IPOBEPKU JOCTATOYHO OOHOBUTL CTpaHUIly B Opaysepe. [Jomosinu-
TEJILHO, MOYKHO IIOCMOTPEThH OTJIAI0YHYI0 HH(MOPMALNIO KJIUKHYB IPaBOii
KJIABHIIEH MBIIIN Ha CTpaHuIe 1 BhiOpas nmyHKT Inspect. B oTkpbiBiiem-

cs1 Habope BKJIa 10K BbiOepuTe Console. Eciim B pesysbraTe mpaBoK ObLIH
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JIONYIIEHBI OMMOKM, TYT OyjIeT 0 HuX WHQOpMaIus.
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IIpunoxxenue A

YcTaHoOBKa M HACTPOMKA

BI/IpTyaJIbHOﬁ MAIlINHbI

B nmannom mocobue ucnosb3yercs runepsuzop Oracle VirtualBox macrpo-
eHHBII JIIsT pabOThl ¢ OTJIAJ0UHON ILtaToitl. B gaHHOM pasjese paccMOTPUM

HACTPOIKY pabouero oKpy»KeHus, HeOOX0UMOTO JIJIsi BBIIIOJTHEHUST PA0OT.

A.1 Hacrpoiika runepBu3opa

Heobxommmo ckauars ¢ caiita https://www.virtualbox.org cieayiormue maxe-

ThbI:

1. VirtualBox Platform Packages - ycranoBounblit maker rutepBusopa.

2. VirtualBox Extension Pack - pacmmpenus ajag runepBusopa, Mmo3BOJIs-
IOIIe B TOM 4HcJe ucnoib3oBarh USB nnrepdeiickl xocTta n3 rocreBoit

OmepaImonHoONl CUCTEMDI.

3amnycTuTe ycTaHoBKY ruriepsusopa. [1o 3aBepIieHuio yeTaHoBKHY, 3aIlyCTUTE
runepBuzop. B orkpuiBiemcs okue, Boibepute File -> Tools -> Extension Pack

Manager.
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Oracle VM VirtualBox Manager VoA X

Frar

Install  Uninstall

Active Name ~ Version

Pucynoxk A.1. OKHO yCTaHOBKE pPACITUPEHN

Haxkmutre, Ha kHonky Install. B orkphiBiIeMcst j1najioroBoM OKHE BbIOepuTe
aitn pacmupenust 11 runiepsusopa (daita ¢ paciumpenneM vbox-extpack), u

HaKMHUTE Ha KHOIIKY Open.

A.2 YcraHOBKa rocreBOil MaIINHbBI

A.2.1 Heobxomumo ckavdaTh yctanoBounblit oopas Kubuntu 24.10 ¢ caifira

https://kubuntu.org/getkubuntu/
A.2.2 Banycruts runepsusop Oracle VirtualBox, ecimn 3akpbLin ero paxee.

A.2.3 B okne runepsuzopa Beibepute Machine -> New.
Hazxkmure na kuonky Expert Mode (pucynok [A.2), mist nepexofia B paciin-

PEHHBII PeyKUM KOH(MUTYpaITIH.

A.2.4 Bkuaaaka Name and Operation System.
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Virtual machine Name and Operating System

@] = Create Virtual Machine v oA X
Create Virtual Machine oA X
.+ Name and Operating System

Name: | @
Please choose a descriptive name and destination folder for the new virtual machine. The
name you choose will be used throughout VirtualBox to identify this machine. Additionally, Folders | B /home/paveigvirtusiBo vias
ou can select an 150 image which may be used to install the guest operating system
2 - i C =TI 150 Image: | <not selected
Name: | | @
Folder: B fhome/pavelg/VirtualBox VMs - Type: | Microsoft Windows ; %
IS0 Image:  <not selected> v Version: | Windows 10 (64-bit) ~
= > Unattended Install
Type: | Microsoft Windows v '—i‘o‘ T
2 Hard Disk
Version:  Windews 10 (64-bit) v 2
@ No 150 image is selected, the guest O will need to be installed manually.

Expert Mode Cancel Help Guided Mode Cancel

Pucynok A.2. OKHO co3/1aHusi HOBOII FOCTEBOI MAIINHbI
Name - Hazanwne jijis1 BupryaJibaoit Mmamunabl BagetWS — kubuntu24.

Folder - pomurenbckas marika B KOTOpPOil OyieT co3jana BUPTyabHas
MalliiHa (B JJAHHOM TAIKe MOSBUTHCST BJIOKEHHAsI MAIKA ¢ UMEHEeM BUD-

TYaJIbHO MAIIIIHBI ).

[SO Image - myTh K 00pa3y AnucKa ¢ yCTaHOBOUHBIMHU haillaMi orepariu-

OHHOW CHUCTEMbI, CKAUYCHHDLII paHee.

Skip Unattended Installation - jgaHHBINI IyHKT J0JI2KeH OBITH OTMEYEH.

A.2.5 Bxkuaaaka Hardware.

1. Base Memory - BbIOOp JOCTYITHOI JIjIsI TOCTEBOI MalllnHbI 00bEMa olepa-

TUBHOII mamsTH, BbiOepuTe He MeHee 16384 MB, eciin jjannoe KoJimdecTBo
nomajgaeT B KPACHYIO 30HY, TO CJIe/IyeT pacliupuThb 0ObEM OllepaTuBHOMN

HaMsITH pabodero KOMIIbLIOTepa, WK BbIOpATh JIPYroil KOMIIBIOTED.

Processor - BbIOOD KOJIMYeCTBa, IOTOKOB JIOCTYIIHBIX JIJIS TOCTeBOI Mallu-
HbI, BIOEpUTE He MeHee 4, ecjin JIaHHOe KOJIMYeCTBO I0IalaeT B KPACHYIO

30HY, TO CJIeJyeT BbIOpaTh JAPYroil KOMIILIOTED.

OcraJibable oJIst ,ZL&HHOI'/JI BKJIaJAKN HY?KHO OCTaBUTb 0e3 U3MEeHeHUS].
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A.2.6 Bkuaanka Hard Disk. Bribepure Create a Virtual Hard Disk Now,
u ykaxkute o0béMm He Menee H50GB.

OcrajbHble 0JId rD;E)JHHOIU/I BKJIaJAKH HY2KHO OCTaBUTb 6e3 m3MEeHeHUsd.

A.2.7  Haxwmunre knonky Finish, u B okHe rumiepBusopa 3alycTuTe BUPTY-
AJIbHYIO MAIIMHY JIBOMHBIM HayKaTHeM JIeBOW KHOIKU MbIIN Ha UKOHKe. Jlo-
JKJITECH TMOsIBIEHNE OKHA KaK Ha prucyHke [A.3]

[Tpu 3TOoM HEOOXOMUMO, 4TO ObI PAdOUNIT KOMIIBLIOTED UMEJ JIOCTYII K CETH

MHTEPHET.

Pa* Bagetws [Running] - Oracle VM VirtualBox v o~ X
Fle Machine View Input Devices Help

English (United Kingdom) w
Ethernet 1: Connected v

Try Kubuntu Install Kubuntu

Qb s ERUNEGE mghan

Pucynok A.3. Oxno BbIiOOpa jielicTBIA

A.2.8 Haxkmure na knonky Install Kubuntu. 1 nasiee Hazkumaiite Ha KHOTI-
Ky Next noka He joiigére 10 pasjena Partitions. B mannom pasiesie BbiOepure

Erase disk, mocsie gero maxkmnre kunonky Next.
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A.2.9 Bo knaake Users Bejinre

1. Your name u login - student

[\)

. Computer Name - bagetws
3. Password u Repeat Password - usrstudent

4. Bxmounre onmuio Log in automatically without asking for the password

A.2.10 Haxkmure xnonky Next, 3arem xuonky Install. [lojgrsepaure eré

pa3 HadaJl0 YCTaHOBKU. ﬂO)KILI/ITGCb OKOHYaHMtA YCTaHOBKH.

A.2.11 Yoeaurech, uro omiusi Restart now ormeuena, 1 HayKMUTE KHOIKY

Done.
A.2.12 3akpoiiTe OKHO TOCTEBOI MAIUHBI.

A.2.13 B okne runepsusopa BeIOEpUTE BUPTYaAJbHYIO MAIINHY, U HAYKMUTE

Ha KHOIKY Settings.

@ * Oracle VM VirtualBox Manager WA X

File Machine Help

1Y race o | e P .

New  Add Settings Start

E7] Win10-x64_loc @ General @ Preview

fj.rﬂ' l:l_!)) Powered Off MName: BagetWws

Operating System: Ubuntu (64-bit)

E.L:' 6!““5 a: System

Fowered OFF Base Memory: 16384 MB BagetWs
Processors: 4
Boot Order: Floppy, Optical, Hard
Disk

Acceleration:  Nested Paging, KVM
Paravirtualization

| pisplay

Pucynok A.4. IkoHKa HaCTPOWKM IOCTEBON MAINHbBI
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A.2.14  Tlepeiipure na Brajiky Network (mynkr 1 wa pucynke [A.5)), BbiOe-
pure pexkum Bridget Adapter (2) mist mpobpoca GpU3HIecKoro cereBoro ajar-
Tepa B BUPTYAJbHYIO MAIINHY, U yKaxKuTe cereBoil maTepdeiic (3), moctym K

KOTOPOMY JOJIZKHa IIOJIYYUTDL BUPTYyaJlbHasdA MallllHA.

e * BagetWs - Settings oo X
E General Network
System
Adapter 1
|§| Display
Storage
ttached to: | Bridged Adapter w
(DII Audio
Name: | enp3s0 e

@ MNetwork

. b ad d
@ Serial Ports vanee
ﬁ UsBe
|___| Shared Folders
El User Interface

H Help v 0K & Cancel

Pucynok A.5. Hactpoiika nepsoro cereBoro nnrepdeiica

A.2.15 Bribepure Briaaky Adapter 2 ( myHkr 1 Ha pHCYHOK OTMeT-
te Enable Network (2). Beibepure tun nogxsmodenng NAT (3). Yepes stor

uHrepdeiic BUpTyaibHas MalliHa OYJeT UMeTb JOCTYIl K CeTU MHTEepPHET.
A.2.16 Haxkmure kaonky OK 4uTo Obl m3MeHeHUsT BCTYIIIIN B CITY.

A.2.17 3akpoiiTe OKHO HACTPOITKMU.
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wes 2 BagetWs - Settings oA K

Wy

E General Network .
System

Adapter 1 Adapter 2  Adapter3  Adapter 4

E‘ Display -
[w] Enable Network Adapter

Storage .
(D] Audio Attached to: | NAT -

@‘ Metwork

@ serial Ports P Advanced

ﬁ?tﬁﬂ

Ij Shared Folders

E‘ User Interface

B Help ~ OK © Cancel

Pucynok A.6. Hacrpoiika BToporo ceresoro nnrepdeiica

A.3 Hacrpoiika rocreBoii MalIiTHbI

A.3.1 arnycruTe rocreByo Marnny. [ocsie okoHdaHust 3arpy3Ku, HaXKMUTE

Ha UKOHKY .g B JIEBOM HIKHEM YTJ1y, BbiOepuTe BKIaJIKy Favorites u criipasa,
13 CIUCKa MPUJIOYKeHuit BeibepuTe mporpammy tepmuHat Konsole (Tak ke 910

PUJIOYKEHIEe MOYKHO OTKPBITH € IOMOIBI0 KomOmHaun Kiaasumr Ctrl + Alt -+

T).

A.3.2 B oTkpbIBIIeMcs TepMuHaAJe BOeTe cieIyIonyto KOMaHLy:

# sudo apt update && sudo apt upgrade -y

# kwriteconfigh --file kwalletrc --group ’Wallet’ \
--key ’Enabled’ ’false’
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A.3.3 JlobaBumM pacimpenus JJjisl B3aUMOJIECTBISI MEXK /Ly TOCTEBOI Mallll-

HOM 1 XOCTOM.

# sudo apt install build-essential dkms -y

# sudo apt install virtualbox-guest-additions-iso -y

# sudo mount /usr/share/virtualbox/VBoxGuestAdditions.iso /mnt

# sudo /mnt/VBoxLinuxAdditions.run

[Tocse 1ero ny»KHO TIepe3arpy3uTh TOCTEBYIO MAIITIHY:

# sudo shutdown -r now

A.3.4 YcTaHOBHUTE JIONOJHUTE/IbHBIE TAKEeThI

# sudo apt install -y gcc-mips64el-linux-gnuabi64d \
g++-mips64el -linux -gnuabi64 gemu-system-mips64el \

gemu-user -static gdb-multiarch gtkterm minicom

# sudo apt install -y git device-tree-compiler debootstrap

A.3.5 Crutonupyiire periozutopuii ¢ daitaMu Jijist 1abopaTopHbIX paboT.

# git clone -n --depth=1 --filter=tree:0 \

https://github.com/gpav3l/baget_linux_labs /home/student/baget/

# cd /home/student/baget

# git sparse-checkout set --no-cone /support

# git checkout

A.3.6  Ycranosure VSCode n HEOOXOUMbIE pACIIUPEHNUS.

# sudo snap install --classic code
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# code --install-extension ms-vscode.cpptools

# code --install-extension ms-vscode.cpptools-extension-pack

# code --install-extension ms-vscode.makefile-tools

A.3.7  JlobaBbre nepemenHbie cpejibl. [ljst aToro orkpoiite daiiin bashre

# nano /home/student/.bashrc

B nagajio daitia HyKHO 106aBUTH CJIEIyIONIEI0 CTPOKY:

BAGET="/home/student /baget"

A.3.8 Hactpoiite aBromarudeckoe montuposanue jiist USB yerpoiicrs. s

9TOI'0 OTKpoiiTe mporpaMmy Settings
B orkpsiBiemcst okte (pucyHok |A.7), B cTpoke moncka BOeiite Remov, n
BbIOepuTe HIKe MyHKT Removable Devices. OTmMeTbTe MyHKTBI, KaK MOKA3aHO

Ha pucynke [A.7]

Haxkmure kaonky Apply.

A.3.9  DBoefiTe B cTpOKY TOHCKa CJIOBO connections m BbIOEpUTE BKJIAJKY
Connections. B janHoit BKJ1ajiKe IIPOUCXOIUT HACTPOIiKa ceTeBbIX mHTepdeiicoB
BUPTYaJIbHOI MaIITHbI.

Beibepure ToT, UTO He OTBevaer 3a mHTEpHET (Teopernmueckn 310 Wired
connection 1), u nepeiijiure Bo BKIagKy [Pv4,

B none Method Bribepute Manual.

Haxxvure kaonky +Add crnpasa or Tabiauiel. B xkoonky Address Beenn-
te 192.168.100.2 u naxxkmure Enter. B xosonka Netmask goskHa mOIBATHCS
HaJIImch 255.255.255.0, ckoppeKTupyiiTe €€, ecjii OHa OTJINYAETCs.

Haxxmute kuonky Apply.
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Removable Devices — System Settings WA X

(& | Remo . a

Network Automount Device On Login | On Attach

. -
E Firewall All Devices v

Attached Devices

Removable Devices

Hardware
>~ Disconnected Devices
Removable Storage

m .
» Removable Devices
KDE Connect

= Printers

. |2| Automatically mount removable media that have never been mounted before

& Help [® Defaults ) . ~

Pucynok A.7. [lonk/odueHre aBToOMaTHIECKONO MOHTHPOBAHNS YCTPOWCTR

A.3.10 [obaBbre HeoOXOaMMbBIE HporpamMmbl B M30pannoe. Haxkmure Ha

UKOHKY B JIEBOM HUKHEM YTJIy, U B mojie search BeenuTe terminal. Ha-
JKMUTE TIPaBoil KHOMKOI Ha miporpamme Serial port terminal u BeiOepuTe myHKT
Add to Favorites.

[ToBropuTte TO)e camoe Jiisi VSCode, jijtst gero B 1oJie 1MOMCKa, HY2KHO BIIN-

carb cyioBo code, n HaiiTu Visual Studio Code.

A.3.11  lobasbre nosb3oBaresis student B rpymnmy dialout, 9To ObI MOXKHO

OBLIO IIOAKJII0O9aThCd K IIOCJIEA0OBaTE/JILHOMY IIOPTY 0e3 I[IpaB aIMHUIHUCTPaTOpPa.

sudo usermod student —aG dialout

A.3.12 BrikiounTe BUPTYaAJIbHYIO MaITuHy.
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A.3.13  Coxpanure cOCTOsIHIE BUPTYaTLHON MamiHbl (Snapshot) mim cko-
nupyiiTe eé, 4To Obl 110 3aBEPIIEHUIO KYPCa MOYKHO ObLIO €€ COCTOSIHIE BEPHYThH

B II€EpBOHa4YaJIbHOE, 1 HE IIOBTOPATL BCE HaCTpOﬁKH OIlnCaHHbIC BDLIIIIEC.
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