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Introduction

e Booting is the process of bringing the system from an off status to a running operating

system.
e 3arpyskKa - 3To NpOLECC NepeBoa CUCTEMbI U3 BbIK/IHOYEHHOIO COCTOSHMA B
paboTaloLLY0 ONEePaLMOHHYI0 CUCTEMY.

® I'Ipou,ecc 3arpy3Kkm COCToMT U3 YeTblipeX OCHOBHbIX 3TaloB:
e There are four main stages of the boot process:

o Firmware stage

Bootloader stage

O
o Kernel stage =
aster
. Boot Bootloader Kernal v
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Firmware Stage

The firmware stage is the first stage to take place after the computer is powered on.
JTan NpoLIMBKM - 3TO NEPBbIM 3Tam, KOTOPbIM MPOUCXOAUT NMOC/E BKIOYEHUSA KOMMbIOTEPA.

Most PC firmware is referred to as the Basic Input/Output System (BIOS).
BonbwmHcTBO MMKponporpamm MK HasbiBaeTca 6a30Boi cucTeMom BBoga / BbiBoga (BIOS).

The BIOS is stored on the motherboard in non-volatile memory such as Read Only Memory (ROM)

or flash memory.

BIOS xpaHUTCA Ha MaTEPUHCKOM nyiaTe B SHEProHE3aBMCUMOM NaMATU, TaKOM KaK MOCTOSHHOE 3arnoMMHaroLLee YCTPOMCTBO
(N3Y) nan pnsw-namaTe.

e The BIOS has three main jobs to perform as part of the first stage of the boot process:
* Execute a power-on self test (POST) to ensure hardware is functioning properly.
* Enumerate available hardware such as memory, disks, and USB devices.
* Find the proper boot drive from the available storage devices and load the Master Boot Record (MBR).
BIOS BbINONHAET TpU OCHOBHbIX 3aZaHMA Ha NEPBOM 3Tarne npouecca 3arpysKu:

® BbinonHUTE camoTecTupoBaHue npu BKAYeHUM (POST), 4To6bl y6eauTbca B NpaBu/IbHOM paboTe
060pya0BaHMA.

® [lepeync/iMTb AOCTYNHOe 060pyA0BaHME, TAaKOe KaK NaMATb, AMCKM M USB-ycTpoMcTBa.

® Haraute noAxoAsAlmMM 3arpy304HbIi AMCK M3 AOCTYMHbIX YCTPOMCTB XPaHEHUSA U 3arpysmTe

OCHOBHY0 3arpy304Hy0 3anmcb (MBR)_ 2019 © Network Development Group Inc. -I|INDG
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Bootloader Stage

® The MBR contains the first stage bootloader whose purpose is to load the second stage
bootloader.

® MBR cOAEpPXKMT 3arpy3ymK NepBOM CTYMNEHM, NpeAHa3HaYeHHbIN A8 3arpy3KM 3arpysymKa BTOpoM
CTYNEHM.

The second stage bootloader loads the Linux kernel into memory and executes it.
3arpys4dumK BTOpPOro 3tana 3arpyxaeT A4po Linux B naMATb U BbIMOJIHAET €ro.
The most common bootloader used on machines is the Grand Unified Bootloader (GRUB).

Hanbonee pacnpocTpaHeHHbIM 3arpy34ymMKom, UCNOJIb3yEMbIM Ha MalLMHaX, ABAAETCA 3arpy3ymK
Grand Unified (GRUB).

The latest version of GRUB supports booting Linux from a system using UEFI.
® [locnegHAasa sepcua GRUB noagep:uvBaeT 3arpysky Linux U3 cMctemsbl € ncnosb3osaHmem UEFI.
e It is also possible to boot off the network through the Preboot Execution Environment (PXE).

O  The PXE system uses the Trivial File Transfer Protocol (TFTP) to download a special bootloader from a
server.
TaK»Xe MOXKHO BbIMOJIHUTb 3arpy3ky 13 CeTu 4epes cpeay BbINMOoJIHEHUA npep,BapMTeanoH 3arpy3Ku
(PXE).

® Cuctema PXE mncnonb3yeT npocTom npoTokon nepegayum damnos (TFTP) ans 3arpysku

cneynazibHOro 3arpy3ydymka C cepepa.
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Bootloader Stage

e Most common bootloaders: GRUB/GRUB2 (GRand Unified Bootloader) - Supports systems with UEFI.
* Haunbonee pacnpoCTpaHEHHbIE 3arpy34mKM:
GRUB / GRUB2 (GRand Unified Bootloader) - noaaepunBaet cuctemnbl ¢ UEFI.
e Other bootloaders:
® SILO (Spark Improved bootLOader) - Supports Linux on Sun SPARK hardware.
® YABOOT (Yet Another BOOTloader) - Supports PowerPC hardware.
® /lpyrue 3arpy3umkm:
SILO (ynyuyweHHbIM 3arpy3umk Spark) - nogaeprkusaet Linux Ha o6opyaoBaHum Sun SPARK.
YABOOT (eLue oauH 3arpysymk) - nogaepkmpaet obopyaosaHue PowerPC.
e Network booting:
® PXE (Preboot Execution Environment) - For hardware that supports TFTP used to download the bootloader
from a server.

®  3arpyska no cemu:

PXE (Preboot Execution Environment) - gna o6opyaoBaHus, nogaepxusatowero TFTP, koTopoe ncnonb3yetca ana
3arpysKu 3arpysymKa C cepsepa.
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Kernel Stage

e The kernel initializes the hardware drivers and get the root / filesystem mounted for the next
stage.

® The kernel typically lives in the /boot partition.

® As the kernel is booting, it initializes recognized hardware and makes detected devices available
to the rest of the operating system.

® The final job of the kernel is to start the first process (PID of 1) called init (final stage)

AApO MHUMUMANM3MPYET AparBepbl 060pyA0BaHMA U MOHTUPYET KOPHEBYIO / (harloByt0 CUCTEMY ANS
cneayloLero aTana.

Anpo 06bl4HO HaxoauTcs B paszaene / boot.

Bo Bpems 3arpysku a4po UHULMAIM3UPYET pacro3HaHHOE 060pyA0BaHUE M AeNaeT 06HAPYKEHHbIE
YCTPOMCTBA AOCTYMHbIMM A1 OCTaJIbHOM YaCTU ONEepPaLMOHHOM CUCTEMDI.

MocneaHas 3aaadva A4apa - 3anycTuTb nepsbii npouecc (PID = 1), Ha3biBaeMbIn init
(3aKN0YMTENDBHbIM 3Tan).
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The init Stage

e Final booting stage

® The first process of the operating system (also called init) is started.

® The init process has three important responsibilities:
O Continue the booting process to get services running, login screens displaying, and consoles listening.
O Start all other system processes

O  Adopt any process that detach from its parent.

® @uHanbHbIN 3Tan 3arpysKku

® 3arnyckaeTcs NepBbiii MPOLIECC ONepaLnoHHON CUCTEMDI (TaKXXe HasbiBaeMblit
init).
® Y npouecca UHMULManM3aLUmm ecTb TpU BaXKHbIX 0653aHHOCTU:

= [lpogonyaiTe Npouecc 3arpy3Ku, YTobbl 3anyCTUTb CNYXK6bl, 0TO6PA3UTb 3KPaHbI
BXO/la B CUCTEMY M NPOCAYLIMBATb KOHCOJIN.
= 3anycTuTb BCe OCTasIbHble CUCTEMHbIE MPOLECChHI

= [IpuHATb NGO NpoLecc, KOTOPbI OTAENSETCA OT CBOEr0 POAUTESS.
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The init Stage

® |[f init has been replaced by Upstart:

® The scriptsin /etc/init are used to complete system initialization.

® |[f init has been replaced by Systemd:

® The filesin /etc/systemd directory are used for starting and running the system.

® Both Systemd and Upstart use the init executable (/sbin/init) to maintain compatibility with many legacy
processes

Ecau init 6611 3ameHeH Upstart:

CueHapuu B / etc / init ucnosb3yoTca AN1S 3aBepPLIEHNUA MHMLMANM3ALMM CUCTEMDI.

® Ecsm init 6b1n1 3amMeHeH Ha Systemd:
®  Qannbl B Katasore / etc / systemd ucnonb3yoTca a8 3anycka M paboTbl CUCTEMbI.

® U Systemd, n Upstart ucnonb3ytoT McnosiHAeMbIM dana init (/ sbin / init) ana obecneyeHns COBMECTUMOCTH
CO MHOTMMM yCTapeBLUMMMK NpoLeccamu.
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initramfs

® The initramfs is the initial root filesystem that a Linux system typically has access to.

® Think of it as a temporary "starter” filesystem:

O It provides the files and drivers that are necessary to start the real root filesystem and continue the system startup.

® The initramfs is a cpio archive:
O  Contents are unpacked by the kernel
O  Then loaded into a RAM disk by the kernel for access.

® After being unpacked:
O  The kernel will launch the init script included in the root / filesystem of the initramfs RAM disk.

® Initramfs - 3To HayanbHas KopHeBasA alnoBas CMCTEMA, K KOTOPOM 06bIYHO MMEET A0CTYN cucTema Linux.

® /lyManTe 06 3TOM KaK O BPEMEHHOM «CTapTOBOW> (haM/IOBOM CUCTEME:

® OH npegocTaBnAeT dainbl M ApalBepbl, HEO6X0AUMbIE ANS 3aMyCKa HacTosALLEM KOpHEBOM (halI0BOM CUCTEMBI U
NPOZOKEHUSA 3arpy3KM CUCTEMBI.

® Initramfs - 370 apx1B cpio:
® CoJepxMMoe pacnaKoBblBaeTCA A4POM
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initramfs

® The main advantage of placing drivers in initramfs instead of compiling them into the kernel
is:

® Once the kernel is fully booted and the real root filesystem is mounted, the memory allocated to the initial
RAM disk can be freed.

® The initramfs is built initially with the mkinitramfs utility, or updated by
the update-initramfs utility.

OCHOBHOE NPeUMYLLEECTBO pa3MELLEHUSA ApaMBepOB B initramfs BMECTO MX KOMMUAALMM
B A/pO:

e KaK TO/NIbKO 5/1p0 NOJIHOCTbIO 3arpyKeHo M HacToALas KopHeBasa damnnoBas cMcTeMa
CMOHTMpPOBaHa, NaMATb, BblAeNEHHAA Ha4aibHOMY RAM-AUCKY, MOXKET ObITb
0CBOOOXKAEHa.

[MepBoHayvanbHO initramfs co3gaetca ¢ noMouwbio yTMAnTbl mkinitramfs nau
obHoBANsEeTCA YTMAMTOM update-initramfs.
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Kernel Messages

® The dmesg command can be executed after booting the system to see the messages generated by the kernel
during boot time.

® Kernel boot messages are stored in /var/log/dmesg which is overwritten each time the system boots.
® |t is also common to execute the dmesg command upon connecting a new device to the system.

KoMaHay dmesg MOHO BbINOJIHMTL MOC/IE 3arpy3KM CUCTEMbI, YTOBbI YBMAETh COOBLLEHUSA, FEHEPUPYEMBIE SAPOM BO BpEMS
3arpysKku.

CoobLieHMn 3arpy3Ku aapa xpaHaTca B / var / log / dmesg, KOTopbii Nepe3anmcbiBaeTCs NPU KaxKAoM 3arpyske CUCTEMbI.

TaK»Ke 4acTo BbINO/HAETCA KOMaHAa dmesg npy NoAK/IYEHMM HOBOMO YCTPOMCTBA K CUCTEME.

sysadmin@localhost:~$ dmesg
5974251.345037] br0: port 2 (veth2) entered forwarding state
5974264.554578] br0: port 1(vxlanl) entered forwarding state
5974266.346778] br0: port 2 (veth2) entered forwarding state

5974312.686393
5974312.744241

vxlanl: renamed from vx-0044a8-d8912
device vxlanl entered promiscuous mode)

]
]
5974312.446398] br0O: renamed from ov-0044a8-d8912
]
]
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The /var/log/messages File

® Kernel messages and other system-related messages are typically stored in the /var/log/messages file.
(Alternatively named /var/log/syslog in some distributions.)

® The /var/log/messages file is considered the primary log file.

Coo0lLeHuns sgpa u gpyrme cucteMHble coobLleHunst 0bbIMHO XpaHaTea B pavne / var / log / messages. (B
HEeKOTOpbIX ANCTPUBYTMBaAX Takke Ha3dbiBaeTca / var / log / syslog.)

®ann / var / log / messages cuynTaeTcst OCHOBHbIM (daniom XypHana.

[root@centos ~]# tail /var/log/messages

May 27 23:01:59 localhost named[1007]: validating @0x7£0d34433a50:
DNSKEY: unable to find a DNSKEY which verifies the DNSKEY RRset and also
matches a trusted key for '.’

May 27 23:01:59 localhost named[1007]: validating @0x7£0d34433a50:

DNSKEY: please check the 'trusted-keys' for '.' In named.conf

May 27 23:01:59 localhost named[1007]: error (network unreachable) resolving
'dlv.isc.org/DNSKEY/IN' : 2001:500:e::1#53 May 27 23:01:59 localhost named[1007]:
error (network unreachable) resolving 'dlv.isc.org/DNSKEY/IN' : 2001:500:e::1#53
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The /var/log/messages File

® Traditionally, the primary log file is updated with new log entries by the combination of
the syslogd and klogd daemons.

® However, syslogd and klogd have been replaced by rsyslogd and syslog-ng daemons.

® On a systemd-based system, the journald daemon is the logging mechanism, and it’s configured by
the /etc/systemd/journald.conf file.

® The journalctl command is the log file viewer for binary log files.

e TpaagUUMOHHO NepBMYHbIM hanA KypHana 06HOBASETCA HOBbIMM 3aMMUCAMM KYpPHana C NOMOLLbHO
KOMOMHaumu aemoHoB syslogd 1 klogd.

® OpgHakKo syslogd 1 klogd 6b11M 3aMeHeHbl aemoHamu rsyslogd v syslog-ng.

® B cucTteme Ha ocHoBe systemd MexaHWM3MOM KypHa/IMpOBaHUSA ABNSETCA AEMOH journald, KoTopbii
HacTpauBaeTca daniom /etc/systemd/journald.conf.
e KomaHga journalctl - 3To cpeacTBo npocmoTpa hanioB KypHaia AN ABOMYHbIX (halIoB KypHana.
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Bootloaders
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Introduction

®  Bootloaders are small programs that are used to load other programs.

®  The two bootloaders most commonly used with Linux are the Grand Unified Bootloader (GRUB), or the Grand Unified
Bootloader 2 (GRUB 2).

® The Linux Loader (LILO) was the one most implemented, but is present mostly on older or legacy systems.

®  GRUB is a GNU project with the goal of making a bootloader that can boot many different kernels on a variety of systems.

3arpysymKm - 3T0 He6OJbLUME NMPOrPaMMbl, KOTOPbIE MCMOJIb3YIOTCA AJ1S 3arpy3Ku ApYrux NPOrPamM.

B Linux vawye Bcero ncnonb3ytTtca gsa 3arpysumka: Grand Unified Bootloader (GRUB) nan Grand Unified
Bootloader 2 (GRUB 2).

3arpy3umk Linux (LILO) 6bin Hanbonee peanmsoBaHHbIM, HO OH MPUCYTCTBYET B OCHOBHOM B CTapbiX UJM
yCTapeBLUMX CUCTEMAX.

RUB - 3710 npoekTt JIbl0 KOTOPOro ABASETCA H rPY34YMKa, KOTOPbIM MOXKET 3arpy>KaTb MHOXe
GRUB - 3710 npoekT GNU, uesnbio KoToporo €TCA CO3aHME 3arpy34mKa, KOTODbIM MOXKET 3ar Jan}/entﬁmupmc. SEINDG
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Introduction

e The bootloader will perform several operations.

e Primary task of the bootloader is to load the Linux kernel into memory and
execute it.

e Once that has occurred, the kernel takes over booting the system.

e 3arpysumK BbINOJIHUT HECKO/IbKO Omnepaumm.
e (OcHoBHaA 3agayva 3arpysyuka - 3arpy3mTb A4po Linux B naMATb M BbINOJIHUTL €ro.

e KaK TO/IbKO 3TO NPOM3OMAET, AAPO 6epPET Ha cebs 3arpysKy CUCTEMBI.
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Note

GRUB Legacy Bootloader

Due to the release of a newer version of the GRUB
bootloader (GRUB 2), the older version of GRUB is
now called GRUB Legacy.

All bootloaders work in stages:

L GRUB Legacy typically writes the stage 1 bootloader to the Master Boot Record (MBR).

L The stage 1 bootloader is enough code to get to the stage 1.5 bootloader, which usually occupies the disk that directly follows
the MBR.

L The stage 1.5 bootloader loads filesystem drivers necessary to load the stage 2 bootloader.

®  GRUB Legacy bootloading stages then uses the /sbin/init or systemd equivalent for the continuation of the system boot.
Bce 3arpy3umku paboTaroT no3TanHo:
GRUB Legacy 06bI4HO 3anucbiBaeT 3arpy3ymk 3tana 1 B r1aBHYH 3arpy304Hyio 3anucb (MBR).

3arpysumka 3T1ana 1 JOCTaTOYHO KoAa, YTOGbl MEPEMTH K 3arpy3umKy 31ana 1.5, KOTopbIi 06bI4HO 3aHMMAET AUCK, KOTOPbIM
cnepyet HenocpeacTBeHHO 3a MBR.

3arpysumk 3Tana 1.5 3arpyaet gpanBepbl GaniI0BOM CUCTEMbI, HEOBXOAMMbIE A5 3arpy3KM 3arpy3ymka 31ana 2.

3aTeMm Ha 3Tanax 3arpysku yctapeBlmx Bepci GRUB ucnonbsyetcs / sbin / init uam akeuBaneHT systemd ana
NPOAOJIKEHMA 3arpy3KM CUCTEMbI. Bce 3arpy3umku paboTaloT No3TanHo:

GRUB Legacy 06bI4HO 3anucbiBaeT 3arpy3ymk 3tana 1 B r1aBHYH 3arpy304Hyio 3anucb (MBR).

3arpysumka 3T1ana 1 JOCTaTOYHO KoAa, YTOGbl MEpPEMTH K 3arpy3umKy 31ana 1.5, KOTopbIi 06bI4HO 3aHMMAET AUCK, KOTOPbIM
cnepyet HenocpeacTBeHHO 3a MBR.

3arpysumk 3Tana 1.5 3arpyaet gpanBepbl GaiI0BOM CUCTEMbI, HEOBXOAMMbIE A5 3arpy3KM 3arpy3ymka 3Tana 2.

3aTeMm Ha 3Tanax 3arpysku yctapeBlmx Bepcit GRUB ucnonbsyetcs / sbin / init uam skBuBaneHT systemd ana |NDG
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GRUB Legacy Configuration

® In GRUB Legacy, the first disk detected is referred to as hdo, the second disk as hd1 and so on.
® B GRUB Legacy nepBbii 06HapyKeHHbIM AMCK HasbiBaeTcs hd0, BTopon amck - hd1 u Tak aanee.
® Partitions on disks are also numbered starting at zero.

O So, hdo0, 0 to refer to the first partition on the first disk, hd1, 0 for the first partition on the second disk,
etc.

® Pa3gesibl Ha AUCKAX TaKXKe HYMEPYIOTCA, HaYMHasA C HyS.

e Urak, hd0,0 gns o603Ha4YeHMA nepBoOro pasgesa Ha nepsom aucke, hd1,0 ana nepsoro pasaena Ha
BTOPOM AMCKe n T. A.

e The grub-install command shown below will install the GRUB Legacy bootloader to
the first disk device in the system.

e KomaHpaa grub-install, noka3aHHasa HUXKe, ycTaHOBUT 3arpy3ymMk GRUB Legacy Ha

sysadmin@localhost:~$ grub-mkconfig -o /boot/grub/grub.cfg

e In the example above, the —o option specifies the output location, which is
the /boot/grub/grub.cfqg file.
e B npuBeaeHHOM Bbille NPpUMeEpe NapaMeTp -0 YKa3blBaeT pacrnosioxKeHMe BblBOAA,

KOTOpbIM ABNAeTCA dain /boot/grub/grub.cfg. 2019 © Network Development Group inc.  ~HINIDO
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GRUB Legacy Configuration

e Only the root user can modify the /boot/grub/grub.conffile.
e To/bKO NoJIb30BaTE/Ib root MOXKeT M3MeHATb darn /boot/grub/grub.conf.
e The following are important grub. conf settings:

Cnepyolme BaxKHble HACTPOMKMK grub.conf:

Diecive [ meanng

default= Specifies the title to attempt to boot by default after the timeout number of seconds has passed.
3agaet 3arofoBoOK Ansi NOMbITKM 3arpy3Kku Mo YMOMYaHUIO NOCe UCTEYEHNS] BDEMEHU OXUOAHUSA B CEKYHOAX.

fallback= Specifies the title to attempt to boot if the default title fails to boot successfully.
3afiaeT 3arofoBOK A1 MOMbITKM 3arpy3Ku, €Criv 3arofioBoK Mo YMOMYaHWIO He 3arpyxaeTcs yCneLHo.

timeout= Specifies the number of seconds to wait before automatically attempting to boot the default title.
3afaeT Konu4ecTBO CEKyH OXUAaHUA nepe aBToMaTU4eCcKoW NomMbITKOW 3arpy3ku 3arorfioBka rno yMordaHuio.

splashimage= Specify a background graphic that appears behind the text of the menu.
Ykaxunte oOHOBbIV PUCYHOK, KOTOPbI ByaeT oTobpaxaTbCsi 32 TEKCTOM MEHHO.

hiddenmenu Prevents GRUB Legacy from displaying all but the default bootable title until the user presses a key. If the user
presses a key, then all titles are displayed.
3anpelaer GRUB Legacy oTobpaxaTb BCe, KpOME 3arpy304HOro 3arofloBka rno yMOnyaHuio, Nnoka nonb3oBartefb He
Ha)XKMeT knaBuLly. Ecnm nonb3oBaTenb HAXMMaET KraBuLLy, 0TOGpaXatoTCsl BCE 3arofioBKMy.

title The title directive starts a new block of directives that form the directives necessary to boot the system.
HAvipexTyiBa title 3anyckaeT HOBbIN GIIOK ANPEKTUB, KOTOPbIE (DOPMMPYIOT AVPEKTUBbLI, HEOBXOAVMbIE OIS 3arpy3Ku
CUCTEMDI. )
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GRUB Legacy Configuration

I

root

kernel

initrd

password

rootnoverify

chainloader

Uses the special hard disk syntax to refer to the location of the /boot directory.
Wcnonb3yeTt cneumanbHbI CUHTaKCUC XECTKOro AMCKa ANs CChIfKU Ha pacnonoXxeHue kartanora / boot.

This line specifies the kernel image file, followed by all the parameters that are passed to the kernel.
B aToM cTpoke yka3biBaeTcs anin obpasa sapa, 3a KOTOpbIM CriefyoT BCce napaMeTpbl, KOTOpble
nepegaroTcsa a4py.

This line should specify an initial ramdisk that matches the version and release of the Linux kernel.
B aTon cTpoke crnenyeT ykasaTb HavarnbHbI BUPTYarbHbIN AUCK, COOTBETCTBYHOLLUIN BEPCUN U BbINYCKY
aapa Linux.

When specified globally, this requires the user to submit the specified password before appending,
editing, or using the GRUB Legacy command line. As a title option, this requires the user to submit the
password before GRUB will attempt to boot the title.

Ecnn ykazaHo rmobansHo, aTo TpebyeT, 4Tobbl Nofnb3oBaTenb OTNPaBUI yKa3aHHbIN Naporb nepes
AobasBneHneMm, pegakTupoBaHueM UnNu ncnonb3oBaHnem komaHaHon ctpokn GRUB Legacy. Kak BapuaHT
3aronoeka, aTo TpebyeTt, 4ToObI Nonb3oBaTesib OTNPaBuUN Naposb, npexae Yyem GRUB nonbiTaetcs
3arpysnTb 3arosioBOK.

This directive is used to specify a bootable partition for a non-Linux operating system.
OTa AMpeKTMBa UCnonb3yeTcs Ang yKkasaHus 3arpy304HOro pasgena ans onepaumMoHHOW CUCTEMBI,
oTnu4HoM ot Linux.

Used to specify a path to another bootloader or +1 if the bootloader is located in the first sector of the
partition specified by the rootnoverify directive.
Mcnonb3yetca ansa ykasaHua nyTu K ApyroMy 3arpy3ymky unm +1, ecnu 3arpy3qymk HaxoguTcs B NEPBOM

AAVTANA NMASFAMNA \/FAanALlILIAFA B FIARALTIADA roantnAaviarifys
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Interacting with GRUB Legacy

® When a system first starts up with GRUB Legacy installed as the bootloader:
O If hiddenmenu directive is specified, it may hide menu options.
O If hiddenmenu directive is not specified, GRUB Legacy will display all the titles.
O  Both will show countdown timer.
® To interact with the menu:
O  Press the P key if GRUB is password protected.
O  Press the A key to append the kernel parameters.
O  Press the E key to modify titles.
O  Press the C key to get a GRUB command prompt.
Korga cuctema BriepBble 3anycKaeTcs C yCTaHOBJIEHHbIM B Ka4ecTBe 3arpy34yunka GRUB
Legacy:
e Ecnu ykasaHa anpekTtmea hiddenmenu, OHa MOXET CKpbIBaTb NapameTpbl MEHHO.
e Ecnun aupekTnBa hiddenmenu He yka3aHa, GRUB Legacy 0TOGpa3nT BCe 3arofioBKMu.
e O6Ga nokaxyT Tanmep obpaTHOro otcyera.
[1ns1 B3anmogencTBusi C MEHIO:
e Haxxmute KHOMKY P, ecnn GRUB 3awuLieH naponem.
e Haxxmute Knasuwly A, 4yTOObLI 4O6ABUTL napameTpbl A4pa.
e Haxxmute Knasuuly E, YTOObI UBMEHUTL 3arofnoBKM.
. 4INDG
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Interacting with GRUB Legacy

e Example of GRUB Legacy menu:
e [Ipnmep meHo GRUB Legacy:

GNU GRUB wversion 0.97 (639K lower / 523200K upper memory)

Cent0S (2.6.32-358.6.1.e16.i686)
Cent0S (2.6.32-358.2.1.el16.1686)

Cent0S (2.6.32-279.19.1.el6.i686)
Cent0S (2.6.32-279.11.1.e16.1686)
Cent0S (2.6.32-279.el6.i686)

Use the T and | keys to select which entry is highlighted.
Press enter to boot the selected 0S or ’p’ to enter a
password to unlock the next set of features.
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GRUB 2

e The new GRUB, GRand Unified Bootloader 2, offers several advantages:

Dynamically loaded modules.

Non-ASCIl character support.

Ability to boot from partitions inside of Logical Volume Management (LVM) or RAID devices.
Ability to work with architectures that don't have a PC BIOS.

Hosbit GRUB, GRand Unified Bootloader 2, npeanaraet HECKONbKO NPEUMYLLECTB:

[ANHaMUYECKHM 3arpyKaemble MOAY/IN.

Moaaep:Ka cMmBoioB, OT/IMYHBIX OT ASCII.

BO3MOXHOCTb 3arpy3Kku C pa3fenoB BHYTPU YCTPOMCTB YNPAB/IEHUA IOrMUYECKUMMU
ToMamun (LVM) nan RAID.

BO3MOXKHOCTb paboTbl C apxXUTEKTYpaMu, He nmetowmmm BIOS TK.
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GRUB 2 Boot Steps

eWhen a GRUB 2 system is powered on, the first stage loader boot .img is
either read from:

oThe Master Boot Record (MBR).

oOr alternatively read from the Partition Boot Record (PBR).

eThe second stage loader diskboot.img points directly to the third stage.
eThe third stage loader core.img attempts to access the actual root
filesystem’s /boot/grub directory.

e Koraa cuctema GRUB 2 BK/toueHa, 3arpy3dumK nepsoro 3tana boot.img nmMbo umtaetca
n3:

OcHoBHa#A 3arpy3o4Han 3anucb (MBR).
Unun, Kak BapuaHT, NpoYTUTE 3arpy304Hyto 3anmcb pasgena (PBR).
e 3arpy3uumk BToporo 3tana diskboot.img yka3biBaeT NpsAMO Ha TPETUM 3Tan.

® 3arpysumK TpeTbero 3Tana core.img nbiTaeTcs Noay4mTb AOCTYN K KaTasory / boot /
grub peasibHOM KOpHEBOM (harl/IOBOM CUCTEMDI.
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GRUB 2 Configuration

e The GRUB 2 configuration files are:
O /boot/grub2/grub.cfg for Fedora
O /boot/grub/grub.cfg for Ubuntu
o These files should not be modified directly.
o This is because the files above are overwritten when update-grub or grub2-mkconfig are
executed.
o Any customizations should occur in the /etc/grub.d directory or
the /etc/default/grub file.
dannbl KoHpurypaumm GRUB 2:
e /boot/grub2/grub.cfg ana Fedora
e /boot/grub/grub.cfg gna Ubuntu
e OTU pannbl He ceayeT U3MEHSTb HanNpPsAMYHo.
e DTO CBA3aHO C TEM, YTO YKa3aHHble Bbille bam/ibl NepesanmncbiBaloTCA NPU BbINOJIHEHMM

update-grub uam grub2-mkconfig.
e Jlto6ble HaCTPOMKM AO0/TKHbI NPOMCXOAMTL B KaTasnore /etc/grub.d wnu B hanne / etc /

default / grub.
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®  Summary of the GRUB 2 configuration files:

O

O

/boot/grub?2

®  Contains many module files.
®  Contains the grub.cfgfile, a configuration file which should not be edited manually.
®  Contains the grubenv file, a configuration file which should not be edited manually
/etc/default/grub
®  Contains the entries for creating a default boot entry
®  typically where customization by administrators will be performed.
/etc/grub.d
®  Contains scripts that are run by GRUB 2.
®  Scripts can be customized or added to this directory.
/usr/lib/grub
®  Stores a couple of library files.
/sbin/grub2-mkconfig

= Command used to regenerate the /boot/grub2/grub.cfgfile.

CBoAKa KoHdbuMrypaumoHHbix darnos GRUB 2:
/ boot / grub2

® CopepxuT MHOro daitioB Moaynen.

@ Copepxut daiin grub.cfg, dain KOHPUrypaLmm, KOTOPbIN He cnesyeT pefaKTUpPOBaTh BPYUHYIO.

® Copepxut dain grubenv, dain KOHPUrypaLmm, KOTOpbIM He CieayeT peAakTMpoBaTh BPYYHYIO.

—— 21110 / 9TUD

GRUB 2
Configuration
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GRUB 2 Configuration

e |f GRUB 2 needs to be installed or reinstalled, then an administrator would execute the

following:
e Ecaun HeobGXxoaMMO yCTaHOBUTbL MU NepeycTaHoBuTb GRUB 2, agMMHUCTpaATOP BbIMNOJHUT

cnejaywollee:

sysadmin@localhost:~$ /sbin/grub2-install /dev/sda

e After installing GRUB 2, the configuration file needs to be generated.

e To create a configuration file on Fedora:
NMocne yctaHoBKM GRUB 2 HE06X0AMMO creHepupoBaTth (ann KoHGUrypaLuu.

O Yr1o6bl co3aathb damn KoHdpurypaumm B Fedora:

[root@localhost]# grub2-mkconfig -o

® To create a configuration file on Ubuntu:

sysadmin@localhost:~$ update-grub
D

2019 © Network Development Group Inc. -'lINDG



Runlevels

JAINDG



Introduction

e Linux uses the concept of different runlevels to define what services or
processes will be running.

e Being able to define a specific runlevel is essential for troubleshooting
systems when software components are causing the kernel to crash.
Uses numeric values of 0-9 but typically only 0-6 are defined by default.

Used by both traditional init and Upstart.
Systemd uses something similar to runlevels called targets.

e Linux Mcnonb3yeT KOHLUENLMIO pa3/IMYHbIX YPOBHEM 3amnyCcKa, YTobbl ONpeAenTb, Kakme
CNy*K6bl MAM NpoLEecChl 6YAYT BbINOJHATLCA.

e Bo3MOXKHOCTb onpeaennTb KOHKPETHbIM YPOBEHb BbINOJHEHMA MMEET BaXKHOE 3HaYeHMe
AN CUCTEM YCTPAHEHMS HEMOMAZO0K, KOrAa NporpaMMHbIE KOMMNOHEHTbI BbI3bIBAOT CHOM
agpa.

e UcnonbsyeT uncnosble 3HayeHMA 0-9, HO 06bIYHO MO YMOJIHAHUIO onpeaenieHbl TOJIbKO
0-6.

e Mcnonb3yeTcA Kak TpaaAMLMOHHBIM init, Tak u Upstart.

e Systemd MCNo/sib3yeT YTO-TO MNOX0OXee Ha YPOBHM BbIMNOJIHEHMA, Ha3blBaeMble LiENAMM.
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Introduction

® The Linux Standards Base 4.1 defines the purpose of each runlevel like this:

[ ] R | iniiy Standardc Race 4 1 11enk KAW NNArN VNARHG RRINNANHAHIAG NANANANAATCa CNANVINITIAM NANANA®

0 Halt or shut off the system poweroff.target
OCTaHOBWTb WM BLIKITIOYNTL CUCTEMY

1 Single-user mode for administrative tasks rescue.target
OgHononb3oBaTenbCKUN PEXUM AN aAMUHUCTPATMBHbBIX 3a4a4

2 Multi-user mode without configured network interfaces or network services multi-user.targ
MHorononb3o0BaTeNbCKNN peXnm 6e3 HaCTPOEHHbIX CETEBbIX NHTEPKENCOB U CETEBbLIX e
cnyx6

3 Normal startup of the system multi-user.targ
HopmarbHbIM 3anycKk cMCTEMBI et

4 User-definable multi-user.targ
Onipepnensietcs nonb3oBaTenem et

5 Start the system normally with a graphical display manager graphical.targe
3anyctute cuctemy B 0ObIMHOM peXMME C NOMOLLIbIO AncneTyepa rpadpnyeckoro E
aucnnes.

6 Restart the system reboot.target .
[Mepesarpy3sute cuctemy ’



Default Runlevel

e For traditional init graphical mode, modify the /etc/inittab entry to look like:
e /lnAa TpaguUUMOHHOIoO rpadpuyeCcKoro pexumuma nHuumanmsaumm usmeHmnTe 3anmco / etc /
inittab, 4TOOGLI OHa BbIrNAAENA TaK:
e For Ubuntu Upstart, modify DEFAULT RUNLEVEL variable in the
/etc/init/rc-sysinit.conffile. i4.5:initdefault:
e Jlia Ubuntu Upstart msMeHure nepeMeHHy DEFAULT RUNLEVEL B ¢danie
/etc/init/rc-sysinit.conf.
e For systemd, use targets; for example:
® graphical.target =runlevel 5
e To set a default target, a symbolic link is created from the target definition to
/etc/systemd/system/default.target
/lna systemd vcnonb3ymte uenm; Hanpumep:

® graphical.target = ypoBeHb 3anycKka 5

® YTOO6bl YCTAaHOBUTL Lie/ib MO YMOJIHYaHUIO, U3 onpeAenieHuA Lenu Co34aeTca CUMBOJIMYECKaS
CCblnKa Ha /etc/systemd/system/default.target
sysadmin@localhost:~$ 1n -sf

/1lib/systemd/system/graphical.target
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Viewing Current Runlevel

Execute runlevel command to view previous and current runlevel.:
Bbino/HMTE KOMaHAY YPOBHSA 3amnycka, YTo6bl MPOCMOTPETb NpeablAyLLUMA U
TEKYLIMN YPOBEHDb BbINOJIHEHUSA:

root@ubuntu:~# runlevel
N 2

e If no previous runlevel was achieved, then it will show N for the previous

runlevel.
Ecam npeablaylumi YpoBEHb BbINOJIHEHMS HE 6bl/1 JOCTUTHYT, TO AN1A NpeAblAyLIero
YPOBHSA BbINOJIHEHMSA OyaeT oTob6parkaTtbca N.

e The who -r command displays current runlevel and date/time when the

runlevel was reached.
e KomaHga who -r oTobpaxaeT TeKyLMN YPOBEHDb BbINOSTHEHNA N AaTy / BpeEMS, Koraa 3T1oT
YypOBeHb Obifm JOCTUTHYT.

root@ubuntu:~# who -r

run-level 2 2019-05-29 14:25
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Changing Runlevels and Targets

e To specify a different target at boot time in Systemd, append to the kernel
parameters an option with the following syntax:

e YT0OObI YKa3aTb APYryto LUenb BO BpeMs 3arpy3ku B Systemd, go6aBbTe K napameTpam
AAPa NapaMeTp Co CIEAYIOWNM CUHTAKCUCOM:  systemd.unit=desired.target

e The init Or telinit commands can be used by root to change run levels.

e KomaHgapl init naun telinit MoryT ncnonb3oBaTbCA NOJIb30BaTENEM root ANnA M3MEHEHMA
YPOBHEMN BbIMOJIHEHUSA.

® These commands work on traditional init, Upstart and Systemd (which translates to targets).

® OTU KOMaHAbl paboTatoT C TpaAMUMOHHBIMMK init, Upstart u Systemd (4To nepeBoAUTCA B LENN).

® To use these commands, simply specify the desired runlevel as an argument (i.e. init 6,
telinit 5)

® YT106bl MCNONb30BaTb 3TM KOMaHZbl, MPOCTO YKAXKMTE KeJTaeMblM YPOBEHb 3aMyCcKa B KayecTse
aprymeHTa (Hanpumep, init 6, telinit 5).

® On Systemd, the systemctl command also can change targets (i.e. systemctl isolate
graphical.target)

e B Systemd KomaHaa systemctl Takke MOXXeT U3MEeHATb Uuenun (Hanpumep, systemctl
n3oMpoBaTb graphical.target)
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Changing Runlevels and Targets

e To bring the system down to runlevel zero, execute the halt, poweroff,
or shutdown command.

e With the shutdown command, you must specify a shutdown time; for example:

e YT106bl NEPEBECTU CUCTEMY HA HYJIEBOM YPOBEHDb 3arycKa, BbINOJHUTE KOMaHAY halt,
poweroff nnm shutdown.

e C NOMOLLbIO KOMaHAb! BbIK/IIOYEHMA Bbl A0JIKHbI YKa3aTb BpeMA BbIK/OYeHUA; Hanpumep:

sysadmin@localhost:~$ shutdown now sysadmin@localhost:~$ shutdown +10

e A message can be provided a to all users who are logged on before shutdown:
e CooO6LleHME MOXKET ObITb NpeAoCTaB/IEHO BCEM M0JIb30BaTENAM, BOWEALWUM B CUCTEMY
nepej BblKNHYEHNEM:

sysadmin@localhost:~$ shutdown now "System going down for repairs"

To reboot, use the shutdown -r command (similar to runlevel 6).

To halt, use the shutdown -h command (similar to runlevel 0).

/ina nepesarpysku Mcnosb3ymte KoMmaHay shutdown -r (aHanormMuyHo ypoBHIO BbINOAHEHMA 6).
Y106bI OCTAHOBUTLCA, MCMOJIb3yMTE KOMAaHAY shutdown -h (aHanornyHo ypoBHio BbinoaHeHus 0).
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The wall Command

e The wal1 (write to all) command is used to send a message regarding a
pending event to all logged on users.

e KomaHpa wall (HanncaTb BceM) UCnonb3yeTca ANA OTAPaBKM COOOLLEHMA 06
OXMAaKwLeM CcobbITUM BCEM BOLWIEALWMM B CUCTEMY NOJIb30BaTENAM.

sysadmin@localhost:~$ echo -e "The server will be offline on Saturday from\n6:00PM
to 12:00PM for scheduled maintenance”" | wall

Broadcast message from sysadmin@localhost (console) (Wed May 29 22:13:59 2019):

The server will be offline on Saturday from 6:00PM to 12:00PM for scheduled
maintenance

e The wall command accepts standard input or the name of a file.
e KomaHpa wall npyHMMaeT cTaHAapTHBbIM BBOA MM MMA danna.

sysadmin@localhost:~$ sudo wall letters.txt

sysadmin@localhost:~$ cat letters.txt | wall
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Managing System Services

The administrator can control which services will be provided by the various daemons.
AAMMHUCTPATOP MOXKET KOHTPO/IMPOBaTb, KakMe CNyXObl 6yayT NpeAoCTaBAATb
pa3/InyHbI€ AEMOHDI.

e Adaemon is a processes that runs in the background of the system and provides a service.

e If a system is using the traditional init process to manage system services, then the
scripts in the /etc/rc.d/init.d directory are used.

e For example, the script to manage the web server has a path name
of /etc/rc.d/init.d/httpd
Each script starts or stops a service or feature.

/leMOH - 3TO Npouecc, KOTopbiM paboTaeT B (DOHOBOM PEKMME CUCTEMbI U
npeaoCcTaBNAET YCNyru.

e Ecnm cuctema ucnonbsyeT TpagULMOHHBIM NPOLECC UMHMLMANM3ALMUM ANS
ynpasieHUA CUCTEMHbIMUA cny>|<6aMM, TO UCMOJIb3YIKOTCA CUEHAPUKN B KaTajJlore
/etc/rc.d/init.d.

e Hanpumep, cueHapum Ana ynpaBaeHUsa Be6-CEPBEPOM UMEET MyTb
/etc/rc.d/init.d/httpd.

e KaxablM cueHapuiM 3anycKaeT MM OCTaHaB/IMBaET cny>K6y© USIN DCRX,HH M. NDG
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Managing System Services

e The administrator can use these scripts to manually start or stop a service

e For example, to manually start a web server, execute:

e AAMMHUCTPATOP MOXET MCMNOJIb30BaTb 3TU CLEHAPMKU ANA 3anyCKa UJIM OCTaHOBKM
CJ1yKObl BPY4YHYIO

e Hanpumep, 4TO6bI BPY4YHYIO 3anNyCTUTb BEG-CepBEp, BbINOJIHUTE:

[root@localhost ~]# /etc/rc.d/init.d/httpd start

Starting httpd:

To manually stop a running web server, execute:
YT106bI BpY4HYIO OCTAaHOBMTb 3anyLLEHHbIM BEG-CEPBEP, BbINOJHUTE

[root@localhost ~]# /etc/rc.d/init.d/httpd stop

Stopping httpd:
Instead of having to type the full path name to the script, many systems provide
a service script:

e BmecTo TOrO, 4YTOObI BBOAMTb MOJIHOE UMS nyT™ K Cu€eHapuio, MHOIr’me CMCTEMbI
npeaocCTaBAAOT CLl,eHapl/Il‘;I CJ'Iy>K6bII

[root@localhost ~]# service httpd start

[root@localhost ~]# service httpd stop
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Managing System Services
® The following table summarizes common script arguments:

o B cnenvwiiien Tabnuiie nenevuc neHnl DACNNOCTNAHEeHHKIe anrvMmeHThl ClIeHADhbUg:

start If the service is not running, then attempt to start it.
Ecnun cnyx6a He 3anywieHa, nonpobynTe 3anyctnTb ee.

stop If the service is running, then attempt to stop it.
Ecnun cnyx6a 3anywieHa, nonbiTanTecb OCTaHOBUTL €e.

restart Stop and then start the service over.
OcTaHoBUTE K 3anycTuTe cnyoy TOMbKO TOMNbKO.

condrestart  Restart the service on the condition that it is currently running.
[NepesanycTute cny0y npu ycnosuu, YTo OHa 3anyLlieHa B JaHHbIN MOMEHT

try-restart  Same as condrestart.
To xe camoe, 4YTO U KOHpecTapT

reload Read and load the configuration for the service.
UTteHune n 3arpyska koHdurypaumm cry>obi

status Show whether the service is stopped or the process id (PID) if the service is running.
[MokaxunTe, ocTaHoBMeHa nn cnyxba unun naeHtudpukatop npouecca (PID), ecnn cnyxba
3anyLieHa.
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Managing System Services

e

fullstatus For the Apache web server, displays the URL /server-status.
[ns Be6-cepepa Apache otobpaxaetcsa URL-agpec /server-status.

graceful Gracefully restarts the service. If the service is not running, then it is started.
Unlike a normal restart, open connections are not aborted.
KoppekTHo nepesanyckaeT cnyx0y. Ecnu cnyxba He 3anyLieHa, To OHa
3anyckaetcs. B otnuyme ot 0bObl4HOM Nepe3arpy3ku, OTKPbITblE COEAMHEHUS
He NpepbIBalOTCA.

help Displays the usage of the script.
OTobparkaeT ucnonb3oBaHMe cKkpunTa.

configtest Checks the configuration files for correctness.
[MpoBepseT KoHUrypaunmoHHble doansbl Ha KOPPEKTHOCTb.
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Runlevel Directories

® Although it is possible to start up services manually, most services are automatically started up by
whatever init process the system uses.

® Specific directories are used to manage which services will be automatically started or stopped at
different runlevels

e XOTA CAYKObl MOXHO 3amnyCKaTb BPYYHYH0, 60bLIMHCTBO C/YKO6 aBTOMaTUYECKU
3anycKarTcs JIl06bIM NPOLECCOM init, KOTOPbIM MCMONb3YET CUCTEMA.
OnpeaeneHHble KaTanorm UCNonb3yoTcA ANA yNpaBAeHUA TEM, KaKue CayXKobl 6yayT
aBTOMaTMYECKM 3arnycKaTbCA MM OCTaHABAMBATbLCA Ha pPa3HbIX YacTOTaX BbINOJHEHMUSA.

e In many Linux distributions, these directories all exist within the /etc directory and have
the following path names:

e Bo MHoOrux gnctpmbyTtusax Linux BCe 3TM KaTanoru CyLecTBYHOT B Katasiore /etc u nMetoT
cneayolme UMeHa nyTeu:

O rc0.d sysadmin@localhost: $ 1s -d rc*
O rcl.d
@) rcz.d
@) rc3.d
O rc4d.d
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Runlevel Directories
e To have a service started in a runlevel:

e C(Create a symbolic link in the /etc/init.d directory.

e The link name must start with the letter s, followed by a humber from 1-99, and the
name of the init script that it is linked to.

e (Co3JaMTe CMMBOJIbHYIO CCbIJIKY B KaTasiore /etc/init.d.
MMA CCbIJIKM J0/I)KHO HauMHATbCA C BYKBbI S, 32 KOTOpoM cneayeT Ymcao ot 1 40 99 m
MMA cueHapuma init, C KOTOpbIM OHa CBA3aHa.

e For example, the symbolic link in the /etc/rc.d/rc5.d directory named S85httpd that
is linked to the /etc/rc.d/init.d/httpd script:

[root@localhost ~]# 1ls -1 /etc/rc.d/rc5.d/S85httpd
lrwxrwxrwx 1 root root 19 Jun 27 16:53

../init.d/httpd

e To manually create this link, you would execute the following command:
e YTOObI BPY4YHYIO CO34aTb 3TY CCbIJIKY, BbINOJHUTE CAEAYIOWYI0 KOMaHAY:

[root@localhost ~]# 1n -s /etc/rc.d/init.d/httpd /etc/rc.d/rc5.d/S85httpd
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The chkconfig Command

e The chkconfigcommand displays which services are started and stopped at specific
runlevels.

e It displays all services by default.

e To view a single service's settings, use the chkconfig --1list
SCRIPT command (SCRIPT = name of a script file, i.e. httpd).

e KomaHaa chkconfig oTo6parkaeT, Kakme CiyxKObl 3anyCcKaloTCa M OCTaHABAMBAIOTCA Ha
onpeAeneHHbIX YPOBHAX BbINOJIHEHUA.
Mo yMon4aHUIO OTOGparkaloTca BCE CYKObI.
/lns NpocMoTpa HaCTPOEK OAHOM CNyXK6bl UCnoNb3ynTe KomaHay chkconfig --list SCRIPT
(SCRIPT = nmsa danna cueHapums, 1.e. httpd).

[root@localhost ~]# chkconfig --1list httpd

httpd O:0ff l:0ff 2:0ff 3:0ff 4:0ff 5:0ff

e Use the chkconfig SCRIPT on command to turn on service for most run levels.

e Use chkconfig SERVICE offcommand to turn off the service.

e Mcnonb3ymte KomaHay chkconfig SCRIPT on, 4To6bl BKAOUYMTL CNYKOY 415 6O/IbLUIMHCTBA
YPOBHEMW BbINOJHEHUA.
Ucnonb3ymnte komaHay chkconfig SERVICE off, 4To6bl OTKAOUMTL CNYKOY.
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The chkcontig Command
e The runlevel a service is active on depends on chkconfig line of script.

e For example, in the etc/rc.d/init.d/httpdscript, there is a line that contains the
following:

O YpoBeHb BbINOJHEHMA, Ha KOTOPbIM aKTUBHA C/y}K6a, 3aBUCHT OT CTPOKM cLeHapus chkconfig.
Hanpumep, B ckpunTte etc/rc.d/init.d/httpd ecTb cTpoKa, cogeprkalwana cneayrulee:

the chkconfig httpdon command.

o 3HayeHue - YKa3blBaeT, 4YTO cny>|<6a HE BKJ/IO4€HA HM Ha OAHOM U3 YPOBHAX
BbIMO/IHEHNA aBTOMAaTUHECKMU.

JTa cayxb6a He 3anycKaeTcAa aBTOMaTUYEeCKM, eC/iM a/MUHUCTPATOpP He MCMNOIb3yeT
KomaHay chkconfig httpd on.

e To turn on or off services for a non-default level, the --1evel option can be used with
the chkconfig command.

e YTOObI BKAKOUYNTb UIM BbIKOYNTD CAYKObI ANA YPOBHA, HE HACTPOEHHOrO MO YMOI4aHMI0,
napameTp --level MoXXHO ucnosb3oBaTb ¢ KoMaHaoM chkconfig.

[root@localhost ~]# chkconfig --level 24 atd on
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e 7eiC/imit vireCory

e For Debian-derived Linux distributions, the /etc/init directory is used to store Upstart
scripts.
e For Debian and its derivatives (like Ubuntu), the runlevels are slightly different.
o Runlevels 0, 1, and 6 are the same as the standard.
o Runlevel 2 is the default (like the standard runlevel 5)
o Runlevels 3, 4, and 5 are initially the same as runlevel 2.

[ns auctpmbyTneBoB. Linux, nponsBogHbix oT Debian, katanor /etc/init ucnonbayetcs ans XxpaHeHUs
cueHapueB Upstart.

na Debian n ero NMPOn3BOAHDbIX (TaKVIX KakK Ubuntu) yribl BbINMOJIHEHNA HEMHOIO OTJ/IMHAKOTCA.
YDOBHM BbinonHenna 0, 1 n 6 coBnagaroT co CTaHOapPTHbIMW.

YpoBeHb BbIMNOJIHEHUS 2 ABNSIETCS YPOBHEM M0 YMOJIYaHUIo (KakK U CTaHAapTHbIA YPOBEHb
BbIMOJIHEHUS 5)

YpoBeHb BbiNonHeHns 3, 4 n 5 nsHavyanbHoO coBnagaer c runlevel 2.
e To modify runlevels, modify files in /etc/init directory; for example:
® Before:

® After: start on runlevel [2345]
stop on runlevel [!2345]

start on runlevel [23]
stop on runlevel [!23]
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The systemctl Command

e The systemctl command is used in systems that have Systemd.

e To start a service:

sysadmin@localhost:~$ systemctl start httpd.service

e To stop a service:

sysadmin@localhost:~$ systemctl stop httpd.service

e To check the state of a service:4T06bl NPOBEPUTL COCTOSHUE CNYKObI:

sysadmin@localhost:~$ systemctl status httpd.service

e To view all running services: YTo6bl NpOCMOTPETb BCE 3anyLUeHHbIe CYXKObl:

sysadmin@localhost:~$ systemctl -a
sysadmin@localhost:~$ systemctl -all
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The systemctl Command

e To configure a service to start automatically: YTo6blI HACTPOUTL aBTOMATUYECKNI 3aMyCK
CINy>X0bl, BbIMNOSTHATE UX.

sysadmin@localhost:~$ systemctl enable httpd.service

sysadmin@localhost:~$ systemctl disable httpd.service

e To change runlevels:

systemctl isolate DESIRED.TARGET

e To manage low or no power states:

systemctl hibernate
systemctl suspend
systemctl poweroff

systemctl reboot |||NDG

INCLWVUIR WEVEIVNITIEIIL JIVUp 111G



Boot Target

® Many modern systems use systemd rather than init for setting boot targets.

® The following table shows the runlevel equivalents for boot targets:
®  MHOrMe CoBpeMeHHbIE CUCTEMbI MCMOJb3YIOT systemd, a He init An1a yCTaHOBKM LieNIEBbIX NMOKasaTeNen 3arpysKu.

0 Halt or shut off the system OcTtaHoBKa nnu BbiknoYeEHNE CUCTEMBI poweroff.target

1 Single-user mode for administrative tasks OgHononb3oBaTENLCKUN PEXUM NS rescue.target
aAMUWUHUCTPATMBHbIX 3a4a4

2 Multi-user mode without configured network interfaces or network services multi-user.target
MHorononb30BaTENbLCKNIN PEXMUM 6E3 HACTPOEHHbIX CETEBLIX MHTEPGENCOB UK
CeTEBbIX CNYX06

3 Normal startup of the system HopmanbHbI 3anyck cuctemsl multi-user.target
4 User-definable Onpegensembin nons3osarenem multi-user.target
5 Start the system normally with a graphical display manager 3anyctute cucteMy B graphical.target

0ObIYHOM peXnMe C MOMOLLbIO rpadryYecKkoro MeHemkepa oTobpaxeHus

6 Restart the system, lNepesarpyaute cuctemy reboot.target



Default Runlevel

e To check the current runlevel on a Linux system:

[root@localhost ~]# 1ls -1 /etc/systemd/system/default.target

lrwxrwxrwx 1 root root 37 Dec 4 14:39
b/systemd/system/multi-user.target

e To boot into single-user mode:

® Use the systemctl enable rescue.target command, followed by systemctl
set-default rescue.target.

e To change the system to graphical mode after booting:

[root@localhost ~]# systemctl isolate graphical.target
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acpid

e Linux systems use the Advanced Configuration and Power Interface (ACPI) event
daemon acpid to notify programs of ACPI events.

e The ACPI allows the kernel to configure hardware components and manage the
system’s power settings, such as battery status monitoring, temperature, and more.

e On modern systems, acpid is normally started as a background process during bootup
and opens an event file in the /proc/acpi directory.

e The acpi command is used to display information about system hardware ACPI
settings.

® Cuctemsbl Linux ncnonb3yoT AeMOH cobbiTiii ACPl ans yBeJoMNEHUA NPOrpamMm O
cobbiTnax ACPI.
ACPI no3sondaeT agpy HacTpamBaTb annapaTHble KOMNOHEHTbI U YyNpaBaATb
napaMeTpamMm NUTAHMA CUCTEMbI, TAKMMM KaK MOHMUTOPUHI COCTOAAHMUA GaTapeu,
TemnepaTtypbl M MHOIOe Apyroe.
B coBpeMeHHbIx cncTemax acpid 06bI4HO 3anycKaeTcsa Kak hOHOBbIM NpoLiecc Bo
BpPEMS 3arpy3Kku M OTKpbIBaeT (aln cobbIiTMM B KaTasore /proc/acpi.
KomaHaa acpi ncnonb3yertca ana otobpaxeHua nHdpopmauum o napametpax ACPI
CUCTEMHOro 060py10BaHMA.
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acpid

e There are many options available to the acpi command to display various information for
power management.

e The table below summarizes some of the options available to the acpi command:

e CyLecTByeT MHOXECTBO OMNUMM, AOCTYMHbIX 418 KOMaHAbl acpi A5 0TO6parKeHUs
Pa3/IM4HOM MHDOPMaLMKM ANSA YNPABIEHWUS MUTAHMEM.
B nprBeaeHHOM HUKe Tabmue nepeymncieHbl HEKOTOPbIE NapaMeTpbl, 4OCTYMHblE
KOMaHAe acpi:

N

-b Displays battery information

—--battery OtobpaxaeT nHdopmauuto o batapee

-a Displays ac adapter information

—-ac-adapter OT1obpaxkaeT nHdopmauuto 06 agantepe NEPEMEHHOro Toka

-t Displays thermal information

——thermal OTtobpaxaeT TennoByr NHPOPMaLMIO

-f Uses Fahrenheit as the temperature unit instead of the default, Celsius
—-farenheit Ncnonb3yetcsa no PapeHrenTy B Ka4ecTBe eauHULIbl U3MEepPEHUS

TemMmneparypbl BMECTO 3HAa4Y€HUA MO yMOJT4aHuIO, LleﬂbCl/Iﬂ
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