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01.7743 GRUB-Installation to GRUB
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1.1 Overview
1.1 #R

Briefly, a "boot loader" is the first software program that runs when a computer starts. It is responsible
for loading and transferring control to an operating system "kernel" software (such as Linux or GNU
Mach).The kernel, in turn, initializes the rest of the operating system (e.g.a GNU system).

BT, — N ENEHB"RREREMNNIEITHE - PMREER , ERAERMNFHIZASERBIEHINGER
ER A" NZ" VAR A (B30 Linux % GNU), XAMNRRZ , {oXEEE , YR EXMRIER AR TER 7.

GNU GRUB is a very powerful boot loader, which can load a wide variety of free operating systems, as
well as proprietary operating systems with chain-loading(1) (*note Overview-Footnote-1::). GRUB is
designed to address the complexity of booting a personal computer; both the program and this manual
are tightly bound to that computer platform,although porting to other platforms may be addressed in
the Future.

GNU GRUB BRI FE@AHISNE AR , EEBINHEMEZ MR E(free)iRER % , EfFthaEE T B0
INEEEMeEm INE AL B RIVRIPRVIRIEZR A, GRUB EEMERSI SN ABIE LM ; XN EFMAFH
=ETMHATEETENES LB, BEAREE S —EFERFSENRAIGREERR,

One of the important features in GRUB is Flexibility; GRUB understands filesystems and kernel
executable formats, so you can load an arbitrary operating system the way you like, without recording
the physical position of your kernel on the disk. Thus you can load the kernel just by specifying its file
name and the drive and partition where the kernel resides.

GRUB EF—NEAMIFR R RGN ; GRUB BER IR AR AR NZRIR] TSN , ELbREETE N
EEIFRIEREMBIRER , EEFARERZRFIGYIEFERZE, RANMRRBETIEEAZNIXESE
S EMFMRBIIEsNEEFIS XA B EETE AWM E,

When booting with GRUB, you can use either a command-line interface (*note Command-line
interface::), or a menu interface (*note Menu interface::). Using the command-line interface, you type
the drive specification and file name of the kernel manually. In the menu interface, you just select an OS
using the arrow keys. The menu is based on a configuration file which you prepare beforehand (*note
Configuration::). While in the menu, you can switch to the command-line mode, and vice-versa. You can
even edit menu entries before using them.

= GRUB Baifg , ReEERAEPIGLITRE , Sv— " XBRE, SERAGSTREN , FEEFNERE
EAZFIENDTXBFIXGR, EXEED , MMEENGILERBREREREZERNNAR, XNMEERETR
ZAESHBNMERE M. MEEZEER |, (R UERAGSITIER | AR ZIFAR, MEEEEBTE
ERZERIEN ZBIERETE.,

In the following chapters, you will learn how to specify a drive, a partition, and a file name (*note
Naming convention::) to GRUB, how to install GRUB on your drive (*note Installation::), and how to boot
your OSes (*note Booting::), step by step.

EETRNET , FEFESIUFEE GRUB BEXEE — MRS , — 10K, M— 1M XHER , xR
GRUB ZIREVFER , IO RS SIRNRA , — 2 — 2K,

1.2 History of GRUB
1.2 GRUB A 5

GRUB originated in 1995 when Erich Boleyn was trying to boot the GNU Hurd with the University of
Utah's Mach 4 microkernel (now known as GNU Mach). Erich and Brian Ford designed the Multiboot
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Specification (*note Multiboot Specification: (multiboot)Top.), because they were determined not to add
to the large number of mutually-incompatible PC boot methods.

GRUB #2iRF 1995 & &Y Erich Boleyn =i A 5|5 Utah KEH&BIER Mach4 fAZ T ER#EFE 7
GNU Mach)#—“ GNU Hurd, Erich 5 Brian Ford —#2i&it T2 ESISH5E , B TRESFHAER
FEPBLXEN , BUEEARFREH PCEIMNAN.

Erich then began modifying the FreeBSD boot loader so that it would understand Multiboot. He soon
realized that it would be a lot easier to write his own boot loader from scratch than to keep working on
the FreeBSD boot loader, and so GRUB was born.

Erich Z /g FFia1EcQ FreeBSD 5| BRIMHB[BILHERBT S ERH, MERERIMECEEZERE 1285
FEEBENS|ISNEHER , MARLELEREFT V17T FreeBSD 195 S 1NE 25 £ , EILE GRUB AT,

Erich added many features to GRUB, but other priorities prevented him from keeping up with the
demands of its quickly-expanding user base. In 1999, Gordon Matzigkeit and Yoshinori K. Okuji adopted
GRUB as an official GNU package, and opened its development by making the latest sources available via
anonymous CVS. *Note Obtaining and Building GRUB::, for more information.

Erich 45 GRUB /RIN T F 24514 , BEEMA LB RNSBESMAERHEIET RIVAFE#FHK, 27T 1999
£ , Gordon Matzigkeit # Yoshinori K.Okuji 52 GRUB fE g — NE AR GNU &8 |, F@BTERR CVS
EAREERBMAMILTE X %RBEHH.

Over the next few years, GRUB was extended to meet many needs, but it quickly became clear that its
design was not keeping up with the extensions being made to it, and we reached the point where it was
very difficult to make any further changes without breaking existing features. Around 2002, Yoshinori K.
Okuji started work on PUPA (Preliminary Universal Programming Architecture for GNU GRUBY), aiming to
rewrite the core of GRUB to make it cleaner, safer, more robust, and more powerful. PUPA was
eventually renamed to GRUB 2, and the original version of GRUB was renamed to GRUB Legacy. Small
amounts of maintenance continued to be done on GRUB Legacy, but the last release (0.97) was made in
2005 and at the time of writing it seems unlikely that there will be another.

HEETRW/LEE , GRUBSENT REHE TIFBEX , BERRER GRUB EEEHERSH R
FeENY BT L& , AHBNEXIA N 0K EEEEAEIA B INEEMNEM E#HITER, KO9%TE
2002 £F , yoshinori K.Okuji 7F458 7 PUPA(H] 2 B YmT2 (A R 224 GNU GRUB)HY TE, BV AES H FE &iERY.
T, @AY S58 KM GRUB A%, PUPA RiGH#aE& 7 GRUB2 , 7 HIERKR) GRUB hRAt¥%& 5 GRUB
Legacy..L £H) GRUB Legacy IR AR RIFEHEF , BRMRAtL R BEEHRE 2005 F(0.97) MBEREARX 7
IEFEARKEIGEB B E#,

By around 2007, GNU/Linux distributions started to use GRUB 2 to limited extents, and by the end of
2009 multiple major distributions were installing it by default.

KL9ZIT 2007 & , GNU/Linux RRFIBEBRSEEIAER GRUB2 , F B 2009 FFRIFZ R IThREE
FIABRATLERTE,

1.3 Differences from previous versions

1.3 5ARIAVAR AR X 51

GRUB 2 is a rewrite of GRUB (*note History::), although it shares many characteristics with the previous
version, now known as GRUB Legacy. Users of GRUB Legacy may need some guidance to find their way
around this new version.

GRUB2 2 GRUBWEE REEATEITZHERYFE |, B X8I AINE S ERFAMH#EFT 79 GRUB Legacy.fE A
GRUB Legacy A FRIGEEE —LLIE S A e EMEEFMARIER,

* The configuration file has a new name ('grub.cfg' rather than 'menu.lst' or 'grub.conf'), new syntax

(*note Configuration::) and many new commands (*note Commands::). Configuration cannot be copied
over directly, although most GRUB Legacy users should not find the syntax too surprising.
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* GRUB2 FUECE X B T HMRB=F (& F'grub.cfg' A2 'menu.lst's%'grub.conf"), #TAVIE A0 — LEFTAY
e, ELEHFIBRANEEXHRIEREKLILSFIERN , RE1FS3 GRUB Legacy B FEIEES I #ThR
REX LB HANPELE,

*'grub.cfg' is typically automatically generated by 'grub-mkconfig' (*note Simple configuration::).
This makes it easier to handle versioned kernel upgrades.
*'grub.cfg' 1@ 2 H'grub-mkconfig' BN £ M BV XILRZREARES 5,

* Partition numbers in GRUB device names now start at 1, not 0 (*note Naming convention::).
*GRUB i#EZHI R XwmSMER 1 Ata , mIEO.

* The configuration file is now written in something closer to a Full scripting language: variables,
conditionals, and loops are available.
*GRUB2 MRBEXFATEROT — PN REBIHAES : TE. FREFSHEIAFEIUEXEFER,

* A small amount of persistent storage is available across reboots, using the 'save_env' and
'load_env' commands in GRUB and the 'grub-editenv' utility. This is not available in all configurations
(*note Environment block::).

F—\HENEEFEREENMRNELEBARGE EFEFRNIE , WEZEAE| GRUB2
#Y'save_env'5'load_env'as S fEF grub-editenv'IhgE, XLRNREFFBIEEPEETN.

* GRUB 2 has more reliable ways to find its own files and those of target kernels on multiple-disk
systems, and has commands (*note search::) to find devices using file system labels or Universally
Unique Identifiers (UUIDs).

*GRUB2 BIFERIENEEZEMSMUERAT I EEH CMRENXX G RIBLEBInA% , FHIER]
LBT RS ERX G R AN E 2 BHEIRIAFF(UUIDS) ANMIEE 1% 5E.

* GRUB 2 is available for several other types of system in addition to the PC BIOS systems supported
by GRUB Legacy: PC EFI, PC coreboot, PowerPC, SPARC, and MIPS Lemote Yeeloong are all supported.

* GRUB2 27]F§F GRUB Legacy Fisz#5#9 PC BIOS ARG IME R 35— L Hth R RIM R4 : PCEFI, PC
coreboot , PowerPC , SPARC , #1 MIPS lemote Yeeloong(Zicr) EA 1&R IR 25,

* Many more file systems are supported, including but not limited to ext4, HFS+, and NTFS.
* ISR SHINERG , B extd, HFS+F] NTFS {Bimiz A~ HiX e,

* GRUB 2 can read Ffiles directly from LVM and RAID devices.
* GRUB2 BETSEIEM LVM 0 RAID 1% & BiZEI 4,

* A graphical terminal and a graphical menu system are available.
*RET I ENER LR — P EEEER A,

* GRUB 2's interface can be translate;l, including menu entry names.
* GRUB 2 RS HREMS 4R ENZ , BIIERBINE B,

* The image files (*note Images::) that make up GRUB have been reorganised; Stage 1, Stage 1.5, and
Stage 2 are no more.
* GRUB MY 1& S LERL B2 E4E ; Stage 1, Stage 1.5 %1 Stage 2 Ef IEZHER,

* GRUB 2 puts many facilities in dynamically loaded modules, allowing the core image to be smaller,
and allowing the core image to be built in more flexible ways.
* GRUB2 @I TS AIRIRKY RINEE , FRLADREFT AR/ , ELbgem R HE R RIFEHININZER.
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1.4 GRUB Ffeatures
1.4 GRUB 945 =

The primary requirement for GRUB is that it be compliant with the "Multiboot Specification", which is
described in *note Multiboot Specification: (multiboot)Top.
23 GRUBHEEZEEXKERAE"ZBE5|IBHE" , INMNESES I SIEET N BFF A,

The other goals, listed in approximate order of importance, are:

HitBir , REUEZMREEIG , ~ .

* Basic functions must be straightforward for end-users.
*WFLumAFK , ERRINEVINEERT,

* Rich functionality to support kernel experts and designers.

*ARZERSRTTERBFEMIINEE,

* Backward compatibility for booting FreeBSD, NetBSD, OpenBSD, and Linux. Proprietary kernels
(such as DOS, Windows NT, and OS/2) are supported via a chain-loading function.

* [0 [ A 25/ FreeBSD,NetBSD,0penBSD, A K Linux. @i i N E 23 ThBE M I E B AZ(EEUn
DOS,wWindows NT,#1 0S/2),

Except for specific compatibility modes (chain-loading and the Linux "piggyback" format), all
kernels will be started in much the same state as in the Multiboot Specification. Only kernels loaded at 1
megabyte or above are presently supported. Any attempt to load below that boundary will simply result
in immediate failure and an error message reporting the problem.

BRIEERIFENRE MR (REIN-I0EFD Linux "piggyback 1N Fiz" 1820) , BN FABRIAZERIG IR
BZEL|SISEMERBRNRS TR0, BRIRFHEMESLXIEMN 1 RFT(1MB) RE LA EAYZS B AR
E?EV\]V o EAEZIRIERZINEE] 1MB U N EEMZEEFERSERAKAF B =& — Nt R ERR

= = PTEX VY

In addition to the requirements above, GRUB has the following features (note that the Multiboot
Specification doesn't require all the features that GRUB supports):
PR T LA ERVFREIN , GRUBIZEBU NHH(EE S ES | SEIEAEE GRUB EXZIHHEFIBRIINGE) :
Recognize multiple executable formats
13 2 eI 1T 8
Support many of the "a.out" variants plus "ELF". Symbol tables are also loaded.

SEFINEZ M a.out" A MITXXF AR A SR ABIE"ELF", FSRE—FHWINE,

Support non-Multiboot kernels

ZIFESESEMRZ:

Support many of the various free 32-bit kernels that lack Multiboot compliance (primarily FreeBSD,
NetBSD, OpenBSD, and Linux). Chain-loading of other boot loaders is also supported.

TS EMBHENRZZSE5| SAEMEIIB HEY 32bit-free Wiz (FEE R FreeBSD,NetBSD,0penBSD,
#0 Linux). BIMESZF5 Bt 5| S EATZFRRIEETVINEL,

Load multiples modules

DL 2 SR
Fully support the Multiboot feature of loading multiple modules.
TERHNHZ MERNZES | E45MH

Load a configuration file

hoE S & 314

Support a human-readable text configuration file with preset boot commands. You can also load
another configuration file dynamically and embed a preset configuration file in a GRUB image file. The
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list of commands (*note Commands::) are a superset of those supported on the command-line. An
example configuration file is provided in *note Configuration.

SE—TRAMEE | EMSEMM I AR E X &, (R et A B — M E XA ERAE
GRUB BRBREM— I EMNREXH, XILEHmS(E  dF)— I mITAZEN— 1M RBE., #HARE"S
S'ETERMET —MEEEXXHHIRA.

Provide a menu interface

RE—IXBERm:

A menu interface listing preset boot commands, with a programmable timeout, is available. There is
no fixed limit on the number of boot entries, and the current implementation has space for several
hundred.

— P REBERMmIREEMELF 75|15 < , LWRET LB r]RiZEHIf @ REBiEE. E%
EMEPRHIARLES | S FZBRE , mMEEEINTIRETHUTITANFBIEIF,

Have a flexible command-line interface

BE—1MRENGSITHRE:

A Fairly flexible command-line interface, accessible from the menu, is available to edit any preset
commands, or write a new boot command set from scratch. If no configuration Ffile is present, GRUB
drops to the command-line.

— MEEHREGSITRE , HERHANFER , o] RIFhEREEFRIME T HSHREDE |, M
IHEBRE — NG| EHSHIRENEZH, NRSGBEREXGFFE , GRUB FBEE S 1THET,

The list of commands (*note Commands::) are a subset of those supported for configuration Files.
Editing commands closely resembles the Bash command-line (*note Command-line interface::), with
<TAB>-completion of commands, devices, partitions, and files in a directory depending on context.

XL H S AREXHIZFHN—1NFE, REGSHAINIEERMUT Bash G1TARN , KT
BRETXMARNBEI<TAB>HE I UBEMHEmESRE , 882, 7XKB , iIXHFA,

Support multiple filesystem types

RS MXHRBEEE:

Support multiple filesystem types transparently, plus a useful explicit blocklist notation. The
currently supported filesystem types are "Amiga Fast FileSystem (AFFS)", "AtheQS fs", "BeFS", "BtrFS"
(including raido0, raid1, raid10, gzip and lzo), "cpio" (little- and big-endian bin, odc and newc variants),
"Linux ext2/ext3/ext4", "DOS FAT12/FAT16/FAT32", "exFAT", "HFS", "HFS+", "1ISO9660" (including Joliet,
Rock-ridge and multi-chunk Files), "JFS", "Minix fs" (versions 1, 2 and 3), "nilfs2", "NTFS" (including
compression), "ReiserFS", "ROMFS", "Amiga Smart FileSystem (SFS)", "Squash4", "tar", "UDF", "BSD
UFS/UFS2", "XFS", and "ZFS" (including lzjb, gzip, zle, mirror, stripe, raidz1/2/3 and encryption in AES-
CCM and AES-GCM). *Note Filesystem::, fFor more information.

BT BEM SIS MG RAER |, I E—MEHFANENBUERIIRRE, SRIKBENXEGRAE
RU"Amiga Fal K INHRIESZ I Z G5 (AFFS)","AtheOS fs","BeFS","BtrFS" (EH &1 raid0, raid1, raid10, gzip and
[zo),"cpio" (K/MNHAIET ZEXRF , ODC FIFTAYRRA), "Linux ext2/ext3/ext4","DOS
FAT12/FAT16/FAT32","exFAT","HFS","HFS+","1ISO9660" (£1F joliet 47 , Rock-ridge 1 multi-chunk 3
4),"JFS","Minix fs" (kg4 1,2 #0 3),"nilfs2","NTFS" (BL¥E[E4E), "ReiserFS", "B K I & 8ES {4 22 48 (Amiga Smart
FileSystem-SFS)","Squash4","tar","UDF","BSD UFS/UFS2","XFS",#1"ZFS" (&%
lzjb,gzip,zle,mirror,stripe,raidz1/2/3 FHIN1ZHY AES-CCM 5 AES-GCM), (iE : XERFE-NFBIAEZSER)

Support automatic decompression

S FrE TR 4E:

Can decompress files which were compressed by 'gzip' or 'xz'(1) (*note Features-Footnote-1::). This
function is both automatic and transparent to the user (i.e. all functions operate upon the
uncompressed contents of the specified files). This greatly reduces a file size and loading time, a
particularly great benefit for Floppies.(2) (*note Features-Footnote-2::)

BEMIESE " gzip"ak"xz"MI XX P REE LS. TR NEREMIE EN (LB IIEEED
BEREBEABTHIFTIEE XM LIRIE), XARKMPRE 7 XA R/NFIINELET (8] , 3 FRAERITXEIREREE,
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It is conceivable that some kernel modules should be loaded in a compressed state, so a different
module-loading command can be specified to avoid uncompressing the modules.

] ARG R L NAZIRREMEN D IOE A FEHRS , B — P RERRRINBZEZEAGSEIEEEMN
T3 5 25 R & 48 X MEIR,

Access data on any installed device

EEMAZRIREEUiRIE :

Support reading data from any or all floppies or hard disk(s) recognized by the BIOS, independent of
the setting of the root device.

154 BIOS INHHIFT B IR BB RIRBUE , XAZET root iREHIRE.

Be independent of drive geometry translations

IR ST B IR B B8 i1 B HESI 8 $k:

Unlike many other boot loaders, GRUB makes the particular drive translation irrelevant. A drive
installed and running with one translation may be converted to another translation without any adverse
effects or changes in GRUB's configuration.

RNEFRZEMBVSISMEHFIZF , GRUB FEESENRINE BN BERIRTEBLREZE, — 1INz
TRAU—MA BRI NB1TEP] AR IR 5 — M BRI FZ N MAS N GRUB MECE =4 RS20,

Detect all installed RAM

KM EERRTH RAM:

GRUB can generally find all the installed RAM on a PC-compatible machine. It uses an advanced
BIOS query technique for finding all memory regions. As described on the Multiboot Specification
(*note Multiboot Specification: (multiboot)Top.), not all kernels make use of this information, but GRUB
provides it for those who do.

GRUB —fig &R 8EFX H FT B L 3R7E PC-FRAVVZEEER RAM, BEFEA—IEEY BIOS BiffR AR EHKLFT
ENAFEXE, XIEWNZES|SHEEMERYN , AAZMBERZEENZESISISEENRTS | B GRUB
R\ BLFEERABTHISZFF M 2 FH AL A,

Support Logical Block Address mode

S BRI AR

In traditional disk calls (called "CHS mode"), there is a geometry translation problem, that is, the
BIOS cannot access over 1024 cylinders, so the accessible space is limited to at least 508 MB and to at
most 8GB. GRUB can't universally solve this problem, as there is no standard interface used in all
machines. However, several newer machines have the new interface, Logical Block Address ("LBA")
mode. GRUB automatically detects if LBA mode is available and uses it if available. In LBA mode, GRUB
can access the entire disk.

HEESENEEIRRAPAR A" CHS R"), XEE — MBI FURyiEiRDE |, il , BISO ~NgE
AE) 8T 1024 NMEEAEHE (M FRERIZIEES PR SL2R) , FTCARTIERR A5 [e]Ry =S (8] &x /) Jo 508MB(16
NG SLE) S8 K0 8GB(256 Mi#E3k%#1). GRUB RNEEH—itALIE XA Ne]dl , B RSB — MrER OISR
TFAIBEINERESE, Nd , EEHFMVRSEHE 7T —EHMmEO |, fluZiE il ("LBA") RN, R
LBA RV 2 FT AN GRUB 2 BNt HEHE, £ LBAIRIVE , GRUB FILAIL ) ENMER,

Support network booting

< FEMLEE| B

GRUB is basically a disk-based boot loader but also has network support. You can load OS images
from a network by using the "TFTP" protocol.

GRUB EER—NMETHEES|ISENMHAZEREHL ] ML, (Re] LB ER"TFTP" MR INEEREE
MR OS $B1&,

Support remote terminals

X FHEFE L e

To support computers with no console, GRUB provides remote terminal support, so that you can
control GRUB from a remote host. Only serial terminal support is implemented at the moment.

(GRUB EAAX#H) EFMBMRAS : 1.00
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AT ZFgBES & (console) FEE Y , GRUB IREIZIZL IRV , ELLREEEET — & VI KIEIZEH
GRUB, HelRgeStMA XX RBEO%LmEL,

(1) Only CRC32 data integrity check is supported (xz default is CRC64 so one should use
-check=crc32 option). LZMA BCJ filters are supported.

(1) 3235 CRC32 FEURTE M B (xz EXiA Jo CRC64 ElLLFTE AEBMN iZfEF -check=crc32 i£I0), X
5 LZMA BCJ it & 28,

(2) There are a few pathological cases where loading a very badly organized ELF kernel might take
longer, but in practice this never happen.
(2) E— LRI EEG EHAN—NMEREIEENEREN ELF RZEZE KN (E , B3R EXMMERE,

1.5 The role of a boot loader

155 SHARNAR

The following is a quotation from Gordon Matzigkeit, a GRUB fanatic:
XEBLATi8A 5| FAE Gordon Matzigkeit , —/ GRUB JF##& :

Some people like to acknowledge both the operating system and kernel when they talk about their
computers, so they might say they use "GNU/Linux" or "GNU/Hurd". Other people seem to think that the
kernel is the most important part of the system, so they like to call their GNU operating systems "Linux
systems."

BLEASREMTTEVENRERAASIZNRE T IHEXAER 7SR . TRMA(TFIER AR
&"GNU/Linux"8%"GNU/Hurd", Z—E AU ANRZRRAGZEREERVAEMERS |, FrLAI IS IR {th{18Y
GNU BER L R "Linux REA",

|, personally, believe that this is a grave injustice, because the_boot loader_is the most important
software of all. | used to refer to the above systems as either "LILO"(1) (*note Role of a boot loader-
Footnote-1::) or "GRUB" systems.

B, BmMsS , HEXEZWMARLIERN , BASISNHB/EMBRGPTREZN. FHIIRIELRRRAR
A"LILO"S%"GRUB" & 4.

Unfortunately, nobody ever understood what | was talking about; now | just use the word "GNU" as a
pseudonym for GRUB.

A=, RBABRBEEIRMTA ; WEFRKR A "GNUYERAFE GRUB BF 2 — 1518,

So, if you ever hear people talking about their alleged "GNU"systems, remember that they are actually
paying homage to the best boot loader around... GRUB!

FtE , INRFG LT EANTEICMAIBIFTIE"GNU" RS |, iEM]SCFF ERBRIFHIE | SINEH SR RE]
&...GRUB!

We, the GRUB maintainers, do not (usually) encourage Gordon's level of fanaticism, but it helps to
remember that boot loaders deserve recognition. We hope that you enjoy using GNU GRUB as much as
we did writing it.

ZItb , GRUB BULEIRPE] , FAGER) ANExl{5 Gordon's X HFRYIERIZE |, (BEBBIFRI2(ES| S I0EEE
NiZBHIAE], FHAIHEBREIRFER GNU GRUB FH BRI 1 —H2A4ER,

(1) The LInux LOader, a boot loader that everybody uses, but nobody likes.

(1) X/ Linux NS , 8NMABEERI—15|1SMEE | BEEBAENE,
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2 Naming convention
2 an 2 H

The device syntax used in GRUB is a wee bit different from what you may have seen before in your
operating system(s), and you need to know it so that you can specify a drive/partition.

iii GRUB FigEMEBMEMZAIERIEAZPBINESAE , MFE TR EABEIEHIIEE — N IRENEEEk
7 X,

Look at the following examples and explanations:

B NEGIFRRER:

(FdO)

First of all, GRUB requires that the device name be enclosed with '(' and ')'. The 'fd' part means that it is
a floppy disk. The number '0'is the drive number, which is counted from _zero_. This expression means
that GRUB will use the whole floppy disk.

Bt , GRUBEXIZFBMYWINEEERES ()P , SP8Y"fd"REREIRE (Floppy disk), MELF"0" AIREZZHY
wS , HOAiEEE, XNMRANERE GRUB 2EABINRE,

(hd0,msdos?2)

Here, 'hd' means it is a hard disk drive. The first integer '0' indicates the drive number, that is, the First
hard disk, the string 'msdos' indicates the partition scheme, while the second integer, '2', indicates the
partition number (or the PC slice number in the BSD terminology). The partition numbers are counted
from _one_, not from zero (as was the case in previous versions of GRUB). This expression means the
second partition of the first hard disk drive. In this case, GRUB uses one partition of the disk, instead of
the whole disk.

EXE , "hd"EREER—RELWNEE,F—NEBN'0"RBTIRNRE RS |, thElR , EMERFE —RELRE ,
MmFfFE'msdos 15 T R XFTERAMNX AR RRIBNER | FETABH"2"RRPX RS (&L BSD FFT
IRt A (slices)ms ) . XS 18 , MAR 0 (B5lF GRUB LARIRVARAE ) XN RIANKRRFE IR
BEIRMEFNE_ N X , EXMIERLT , GRUB FI{ERNREEEN— 10X , MAER/ME.

(hd0,msdos5)

This specifies the first "extended partition" of the first hard disk drive. Note that the partition numbers
for extended partitions are counted from '5', regardless of the actual number of primary partitions on
your hard disk.

RERRE-REEBRHNF LNE—NTEAIX" , FENRTEIXNDXSEN'S"Hia , NTMEEEE
FEE LNEDPXEEESV(ERZ RES 4 MEREX),

(hd1,msdos1,bsd1)

This means the BSD 'a' partition on first PC slice number of the second hard disk.

XANEMRE BSD R4 L5 "2"REZIIFE"1"1 slice tIHSHY"a" 7 X (BSD £/ slice EIRME |, BLSEMUTF
FnX),

Of course, to actually access the disks or partitions with GRUB, you need to use the device specification
in a command, like 'set root=(Fd0)' or 'parttool (hd0,msdos3) hidden-'. To help you find out which
number specifies a partition you want, the GRUB command-line (*note Command-line interface::)
options have argument completion. This means that, for example, you only need to type

S9X |, 283E1d GRUB ESCihifDZIMESR A X |, (MEEFEREEMRSHIEESMIIRIIRE |, W'set
root=(fd0)'sx'parttool(hd0,msdos3) hidden-', Jo 7 BENRIXZNEE A RIFIIN 2 XFERNAISRES , GRUB
WMYITIEMBES AN 2INgE, AR , B, MRFEEA
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set root=(

followed by a <TAB>, and GRUB will display the list of drives,partitions, or file names. So it should be
quite easy to determine the name of your target partition,even with minimal knowledge of the syntax.
&R —TF<tab>, GRUB & EBRHIRMEE. 7 XX EFRIIR, BLHREBRS XNBFNZEHES
B5HE |, BIE(R ﬁlmf?ﬁ#%"‘

Note that GRUB does _not_ distinguish IDE from SCSI - it simply counts the drive numbers from zero,
regardless of their type. Normally,any IDE drive number is less than any SCSI drive number, although
that is not true if you change the boot sequence by swapping IDE and SCSI drives in your BIOS.

B/ FE GRUB 21X 45 IDE JXENESFN SCSI IXpNzEH , ERSEEM 0 AlRiTERENEES |, MEAENREER
KA BEH  IDE WANBHESHANTF SCSI WENEHE |, FRIEARE BIOS L IDE F SCSI a2 =50
EINRIEESE S

Now the question is, how to specify a file? Again, consider an example:

B RERIERZ |, fIEE—1 XM ? B8R, BERLATHF

(hd0,msdos1)/vmlinuz
This specifies the file named 'vmlinuz', found on the first partition of the first hard disk drive. Note that
the argument completion works with file names, too.

XEEET—MRR"vmlinuz"BIXHE , EREIBEF —MERNE -7 KXE, FEI2SHBN2I6E
WFXEFRBEERN,

That was easy, admit it. Now read the next chapter, to find out how to actually install GRUB on your
drive.
WMIAEINA ERBEERE R, MERFEZT—F , ZT7THRINFEIEMEZR GRUB BfER L,

(GRUB EAXM)Y #NHFHBERAS : 1.00
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3 Installation
3LR

In order to install GRUB as your boot loader, you need to first install the GRUB system and utilities under
your UNIX-like operating system (*note Obtaining and Building GRUB::). You can do this either from the

source tarball, or as a package for your OS.

AT IE GRUB LZRM ARG I SMNEHEE , BEAMEEZEEMFRIE Unix IBIERAR LLRIFGRUBRARETE,
{REZPT LB JmiR [RASR L 2 GRUB |, o] BUBE £ 3% F{RAVIRE R RT3 RY GRUB B4 EIR &L=

After you have done that, you need to install the boot loader on a drive (Floppy or hard disk) by using the
utility 'grub-install' (*note Invoking grub-install::) on a UNIX-like OS.

LR T GRUB Zfg , IREEEIRAYIZE Unix IRIER S L (UL root BIAXBR){E A "grub-install" TERIE— /NG
NEL e LR EMRAVIR BN 2] L (R IRERAE D).,

GRUB comes with boot images, which are normally put in the directory '/usr/lib/grub/<cpu>-<platform>'
(For BIOS-based machines '/usr/lib/grub/i386-pc'). Hereafter, the directory where GRUB images are
initially placed (normally '/usr/lib/grub/<cpu>-<platform>') will be called the "image directory", and the
directory where the boot loader needs to find them (usually '/boot') will be called the "boot directory".
GRUB B TEIS181% , @B FH"/usr/lib/grub/<cpu>-<platform>"({ZaNETF BIOS H2EHIE &

73" [usr/lib/grub/i386-pc"), Bt , LEEFXFA A T RTF GRUB {RIGIIVIIBMIE(EE
J3"[usr/lib/grub/<cpu>-<platform>")HMEN"BEER" , HELBEtEEWS I SMFE(BEE A
F"/boot") X EIHELEth#EFM A5 IR B R

3.1 Installing GRUB using grub-install
3.1 {£F grub-install % GRUB

For information on where GRUB should be installed on PC BIOS platforms, *note BIOS installation::.
& EHIEX T GRUB L& T PCBIOS EEEMESER |, BER"BIOS ©XR"ET,

In order to install GRUB under a UNIX-like OS (such as GNU), invoke the program 'grub-install' (*note
Invoking grub-install::) as the superuser ("root").
J97 32 GRUB & 212 Unix R4 (%0 GUN) , EZ LB PR root SKiE1T grub-install §5%,

The usage is basically very simple. You only need to specify one argument to the program, namely,
where to install the boot loader. The argument has to be either a device file (like '/dev/hda’). For
example, under Linux the following will install GRUB into the MBR of the First IDE disk:
FHEREER , MRFEZLEFZEE IS8, GEXE , MREEMEEZLRINEIEMEHZRE, XIS
ATR—MEE (" /dev/hda") , FI80 , 7 Linux F{ER TENGSIEIL GRUB T35 —1R IDE &2
B9 MBR BX &,

# grub-install /dev/hda
Likewise, under GNU/Hurd, this has the same effect:
B+t , 7£ GUN/Hurd T , TEHSERFNKR !

# grub-install /dev/hd0

But all the above examples assume that GRUB should put images under the '/boot' directory. If you

(GRUB EAAX#H) EFMBMRAS : 1.00
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want GRUB to put images under a directory other than '/boot’, you need to specify the option '--boot-
directory'. The typical usage is that you create a GRUB boot floppy with a filesystem. Here is an
example:

{BRUA LRFIFERERI% GRUB FR & MTE/boot B3R T, WNR{F1E GRUB IBIREHMEHREBRT |, (REEE
ZE"--boot-directory"i&Ill, BEEIMAEZREIER—MNTFENXMHZRAN GRUB BohE, EMMF :

# mke2fs /dev/fd0

# mount -t ext2 /dev/fd0 /mnt

# mkdir /mnt/boot

# grub-install --boot-directory=/mnt/boot /dev/fd0

# umount /mnt

Some BIOSes have a bug of exposing the first partition of a USB drive as a floppy instead of exposing the
USB drive as a hard disk (they call it "USB-FDD" boot). In such cases, you need to install like this:
FLEBIOS FE—MEUSBIREMNE— NI XMUA— MK |, MARE— USBiIZ&ER—NEEHY
bug(iX## /"USB-FDD"5|§), EXMIEAT , MEZRBUNTARNLE :

# losetup /dev/loop0 /dev/sdb1

# mount /dev/loop0 /mnt/usb

# grub-install --boot-directory=/mnt/usb/bugbios --force --allow-floppy /dev/loop0

This install doesn't conflict with standard install as long as they are in separate directories.
REBENFERTARNER , EMEERF EASTINENTRBIEFE PR,

Note that 'grub-install' is actually just a shell script and the real task is done by 'grub-mkimage' and
'grub-setup'. Therefore, you may run those commands directly to install GRUB, without using 'grub-
install'. Don't do that, however, unless you are very familiar with the internals of GRUB. Installing a boot
loader on a running OS may be extremely dangerous.

7 EE"grub-install"RER— shell iiA& , mMEIER{EFARAZ"grub-mkimage"#l "grub-setup"as <, ELL , 1R
e A B s TX M N a2 %% GRUB , MAWMER "grub-install” ; A , tARFEARE T 7 #3%E GRUB A
SRR , R BAEZEAXERS, BAE—NEREGITHRERAA LLR5ISMAB[BE —HREBKRNE

|E=
Bo

3.2 Making a GRUB bootable CD-ROM
3.2 #lYE— /> GRUB &K

GRUB supports the "no emulation mode" in the El Torito specification(1) (*note Making a GRUB
bootable CD-ROM-Footnote-1::). This means that you can use the whole CD-ROM from GRUB and you
don't have to make a floppy or hard disk image Ffile, which can cause compatibility problems.

GRUB ZF5"IEAZHAE TV /Y ElTorito #3E(1), XEMRE(RF] A{E A TER) CD-ROM X /Z5] GRUB AU EH]
E— MR XEREEMREX G , NTERERFHEE 0],

For booting from a CD-ROM, GRUB uses a special image called 'cdboot.img', which is concatenated with
‘core.img'. The 'core.img' used for this should be built with at least the 'is09660' and 'biosdisk' modules.
Your bootable CD-ROM will usually also need to include a configuration file 'grub.cfg' and some other
GRUB modules.

BMNAIXEEN , GRUB fERT — AU "cdboot.img"HI4E0%iE1& , FH HF"core.img"XEq , AFXRE

B9 "core.img" BN B /DM EH "is09660"F biosdisk"t#&ik, {RHYT]E5) CD-ROM BEHEER S —
AN"grub.cfg"fic & 3 {4 ke —LEFE X INEERY GRUB 1&1R,

To make a simple generic GRUB rescue CD, you can use the 'grub-mkrescue’ program (*note Invoking
grub-mkrescue::):
ZFE—NE S BRI GRUB BUE CD , {ReJLAfEEF"grub-mkrescue"m% :

# grub-mkrescue -o grub.iso

(GRUB EAAX#H) EFMBMRAS : 1.00
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You will often need to include other files in your image. To do this, first make a top directory for the

bootable image, say, 'iso":

BEREEETFNEREGESI " LHEXH, At , BECIBE— N rIEMNRENINEER , 88, "iso" :
# mkdir iso

Make a directory for GRUB:
ElZ— GRUBHIE X :
# mkdir -p iso/boot/grub

If desired, make the config file 'grub.cfg' under 'iso/boot/grub’ (*note Configuration:), and copy any files
and directories for the disc to the directory 'iso/'.

MBEFEE , v]fx"iso/boot/grub"fI B REGIE—MCEN 4 "grub.cfg" , AR EFIFTBRIXEF B REIFR
HEZ2A " iso/"BET.,

Finally, make the image:

&a , fIERER :

# grub-mkrescue -o grub.iso iso

This produces a file named 'grub.iso’, which then can be burned into a CD (or a DVD), or written to a USB
mass storage device.

XF— N FEER 7" "grub.iso"HIXH , ERTUHZIREI—HK CD (3¢ DVD ) 1, th aJU#HE AR —4 USB X
BEFMHIZER,

The root device will be set up appropriately on entering your 'grub.cfg' configuration file, so you can
refer to file names on the CD without needing to use an explicit device name. This makes it easier to
produce rescue images that will work on both optical drives and USB mass storage devices.
MR FHVERIFFRE S I B E (R "grub.cfg"ICEXHE |, EILL{RPIBATE CD F5 |G EBMARER
VERIR S BN, XIGEINE St HF H eER B T IRFN USB 7fF 1R ZRIBIRHRK.

(1) El Torito is a specification for bootable CD using BIOS functions.

(1) El Torito & —“NE & BIOS INEERYR] B IR FISE,

3.3 The map between BIOS drives and OS devices
3.3 BIOS X n] s3 FIRF R R 1% & Z B HYBR 5T

If the device map file exists, the GRUB utilities (‘grub-probe’, 'grub-setup’, etc.) read it to map BIOS
drives to OS devices. This file consists of lines like this:
WMRFEIRZHIMET A |, B84 GRUB AHFER ( "grub-probe". "grub-setup" &£)&i1ZElE 4% BIOS IX
RS ZIRIERRIRE., EXEFHRBEUA TN ARITERAR :

(DEVICE) FILE

DEVICE is a drive specified in the GRUB syntax (*note Device syntax:), and FILE is an OS file, which is
normally a device file.
DEVICE @A GRUB 1B/ZEFBER— 1 IRENES , ™ FILE M — OS X |, EBEEIBE H—MRE X,

Historically, the device map file was used because GRUB device names had to be used in the
configuration File, and they were derived from BIOS drive numbers. The map between BIOS drives and
OS devices cannot always be guessed correctly: for example, GRUB will get the order wrong if you
exchange the boot sequence between IDE and SCSI in your BIOS.

A1E , EEAIZEIREXHERE D GRUB NEEEXHFZREMEAEIRER , FFEEEZH BIOS KNS
M3k, BIOS IX#NZEFN OS i F [BIRIPREEE NEEIEMAVHIEE « FI90 , YNSR{R7E BIOS 4% IDE #1 SCSI
B EohlifF , GRUB fifE =B E HBiRIVAF,

Unfortunately, even OS device names are not always stable. Modern versions of the Linux kernel may
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probe drives in a different order from boot to boot, and the prefix ('/dev/hd*' versus '/dev/sd*') may
change depending on the driver subsystem in use. As a result, the device map file required frequent
editing on some systems.

EAENR , EE X OSIREFRBMAERIREN, NEhRAHY Linux RiZTE BRI & F] e AR EIRLK F
SENEIRsNes , AR E RETERIRIRRISE (90"/dev/hd"8L"/dev/sd" ) ik FFT{ERNIRE FRGE
MBREERENTE, GRE , B ERR LN ST EME R IE N FIRE Y,

GRUB avoids this problem nowadays by using UUIDs or file system labels when generating 'grub.cfg’,
and we advise that you do the same for any custom menu entries you write. If the device map file does
not exist, then the GRUB utilities will assume a temporary device map on the fly. This is often good
enough, particularly in the common case of single-disk systems.

< GURB 77 52X — ¥R T 21813 £ A UUIDs B XX 4 R %545 Label 2R&ERL "grub.cfg” , FFEFEE
WIRTEEE X ERIRTPAHMR X A, MNRIGSZRE SXEARFE |, 4 GRUB A HEEFIMNSHERIZ—D
IHETEYIR FRET, XFBECLRBMNITT , AHRARERTERMEZIVERLT.

However, the device map file is not entirely obsolete yet, and it is used for overriding when current
environment is different from the one on boot. Most common case is if you use a partition or logical
volume as a disk for virtual machine. You can put any comments in the file if needed, as the GRUB
utilities assume that a line is just a comment if the first characteris '#'.

M, HAERERZMF G ZTL2WEA , EREEA T LEREEMINZEZIXEHXRLUSIE, RELD
BARMBEEFEREEIMNMEEN — 1M Xe—M2ES, MBYENIERE] AR GFFRIMANEFERE |
[E )5 GRUB RIE—LA#' A SLBI N AR TEERGER,

3.4 BIOS installation
3.4 Z£3<El BIOS

MBR

MBR 5z

The partition table format traditionally used on PC BIOS platforms is called the Master Boot Record
(MBR) format; this is the format that allows up to four primary partitions and additional logical
partitions. With this partition table format, there are two ways to install GRUB: it can be embedded in
the area between the MBR and the first partition (called by various names, such as the "boot track",
"MBR gap", or "embedding area", and which is usually at least 31 KiB), or the core image can be installed
in a file system and a list of the blocks that make it up can be stored in the first sector of that partition.
P XYNRIEXER ERERT PCBIOS EEH B AEES BIER(MBRIFIET ;| XM RE R 15
NMEFXR—PEIIMIZEDX, BETXFNDXIIRE , EHMEER GRUB BI77% : flEET3ERAZ
MBR 5 — 19 X Z BRI X (X B 1R 2 M ABIFRIE , FI900Y"5| S48 (boot track)","MBR [E]fE(MBR gap)",
=" # A X tg(embedding area)" , XX @R E /0 E 31KiB) , SEIE GRUB MINZEREREIX RS
I XIFREMAMEIMIEEBEFEZDXPNE—MBEX L,

Each of these has different problems. There is no way to reserve space in the embedding area with
complete safety, and some proprietary software is known to use it to make it difficult for users to work
around licensing restrictions; and systems are sometimes partitioned without leaving enough space
before the first partition. On the other hand, installing to a filesystem means that GRUB is vulnerable to
its blocks being moved around by filesystem features such as tail packing, or even by aggressive fsck
implementations, so this approach is quite fragile; and this approach can only be used if the '/boot’
filesystem is on the same disk that the BIOS boots from, so that GRUB does not have to rely on guessing
BIOS drive numbers.

B—MEBEAENOE, TEFRIERAZMBAEXIZNHMEREN L2 , AREHN—EE8REGHME
FEALFENMERZE N XIFRBRREZHOD ; REREERAEMEIHE I XZEIFHEEETE
BEY= (8], M»—AMHE , i€ GRUB ZREINGARAKERIRE GRUB RIESSE A EF EREIEIR TR G R
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SRTEBMIRSEAMEBE | OINMERIE—LAIRRUEFE , EEREEEBME Fsck(file
system check XA 40 E T B)FriRit , S MBR AHY GRUB 028 %4 E| GRUB FIRDiRE , FrbAX
MNERAHNBALZE , MERFE BIOS E5|SHEEE S E"/boot" D X AXREIWKE MBRISIS , M
iE GRUB NEZ#TI5M BIOS JXZIEE S,

The GRUB development team generally recommends embedding GRUB before the first partition, unless
you have special requirements. You must ensure that the First partition starts at least 31 KiB (63
sectors) from the start of the disk; on modern disks, it is often a performance advantage to align
partitions on larger boundaries anyway, so the First partition might start 1 MiB from the start of the disk.
GRUB F % [Z]PA —fig #E7FIE GRUB BERAZIE — N7 X |, BRIEMBIFHRIIENK, (RUIRIERE — 7 XBILE7
=VE 31KiB(63 M EX)MrTAZ EHFH EATHREE RS I ENEREZ L, RIEEXRMIWNFLXBEE MG
=EMEN , AtEEENEE MK Zel—iRESFREB H 1MiB FIZ(E),

GPT

GPT

Some newer systems use the GUID Partition Table (GPT) format. This was specified as part of the
Extensible Firmware Interface (EFI), but it can also be used on BIOS platforms if system software
supports it; for example, GRUB and GNU/Linux can be used in this configuration. With this format, it is
possible to reserve a whole partition for GRUB, called the BIOS Boot Partition. GRUB can then be
embedded into that partition without the risk of being overwritten by other software and without being
contained in a filesystem which might move its blocks around.

FLRINRAASEAE] GUID nXR(GPT)HEIN, XMEAZRIY REGEOEF)FASEMN—E5 , BNR
ARG ERIIFERE LRI LAERTE BIOS & L ; 5190 , GRUB #1 GNU/Linux #82°] LAERIXIFHVEC &,
EAXMMIET , GRUB ZEEBRFEI — N EANBERIXE , EHWM A BIOS5|S 72X, Mt GRUB gET3
RENRIMBRERXN D XA BN EEMIRGMESSIMHES , EASENGFRAEZRBINERNIR,

When creating a BIOS Boot Partition on a GPT system, you should make sure that it is at least 31 KiB in
size. (GPT-formatted disks are not usually particularly small, so we recommend that you make it larger
than the bare minimum, such as 1 MiB, to allow plenty of room for growth. ) You must also make sure
that it has the proper partition type. Using GNU Parted, you can set this using a command such as the
following:
SE—1GPTREEXCIEBIOS5|SH XA, RN IZFARELH 31KiBd KINKREZ 8], (GPT {8\ HIHE
BEEAREZXA/NINKX , FIRBNTBIFILEXRTREEE |, Fl90 1MiB , iILEB BB EEEK, )
RENINRREBEMIIDXER, 7£ GNU Parted 2 |, {/RRJCAERGIIILA T HLSFKIRE :

# parted /dev/DISK set PARTITION-NUMBER bios_grub on

If you are using gdisk, set the partition type to 'OXEF02'. With partitioning programs that require setting
the GUID directly, it should be '21686148-6449-6e6f-744e656564454649'.

WNRIRIEEFERRRZ Gdisk , EEEXENIRE 7D H'0XEF02', FHKRBEBSXEFINEXRFIZREER GUID ,
‘BRN1Z) '21686148-6449-6e6f-744€656564454649'.

*Caution:* Be very careful which partition you select! When GRUB finds a BIOS Boot Partition during
installation, it will automatically overwrite part of it. Make sure that the partition does not contain any
other data.

IR MMEBIEENODHEEEREBN2EX | H GRUB ZREAEIAIL BIOS 51§97 XAt , EXIEREATENE
=2 BIOS 5|1 &R XE, FINBHARZINMN S XERE SR AHMINERUREES.

(GRUB EAAX#H) EFMBMRAS : 1.00

Linux O www.linuxidc.com



04. 23N % 4t-Booting

04./ 25/ % 4i-Booting

kkhkhkhhhkhkhk khkhkhhhkhikk

4 Booting
4 SR 4%

GRUB can load Multiboot-compliant kernels in a consistent way, but for some free operating systems
you need to use some OS-specific magic.

GRUB BEA—EBV A NINEHFRE S E RN , B3 F —LL455R07 free BIFRRINFEE(ER—LE OS ATt
ERFRIT T35 BE1S ASEI,

4.1 How to boot operating systems

4.1 NFIENRIER S

GRUB has two distinct boot methods. One of the two is to load an operating system directly, and the
other is to chain-load another boot loader which then wicll load an operating system actually. Generally
speaking, the former is more desirable, because you don't need to install or maintain other boot loaders
and GRUB is flexible enough to load an operating system from an arbitrary disk/partition. However, the
latter is sometimes required, since GRUB doesn't support all the existing operating systems natively.
GRUB EAMEAARENSISE AN, EF—MEERMINARERSE , Mm— ﬂFvLBT\tzEL,LﬂE*UJD*!zj:—/\

S| SMEBAMENE —MEERR, —MRMS , AIESE AJERY , ljjf BARLRROEIFEHM SN
nkz8H H GRUB A5 gEWS R &t =X N KRB SR ERS EJ:EI’H 1’F¥% Am , REMREERVE
#Y , BJ5 GRUB $%3¢7ﬁ ENIAI TN SHIRTBIRIER 4.

4.1.1 How to boot an OS directly with GRUB
SRERERAR

Multiboot (*note Multiboot Specification: (multiboot)Top.) is the native format supported by GRUB. For

the sake of convenience, there is also support for Linux, FreeBSD, NetBSD and OpenBSD. If you want to

boot other operating systems, you will have to chain-load them (*note Chain-loading::).

ZE5|EWTF GRUB RIAREEERMEZIHFNEENN, AT HEEMF , helblik

Linux , FreeBSD , NetBSD #l1 OpenBSD FHZ#5E. BNRIRES a2 iR iR RMERG , REFREE
Ai#NmErnARNERBIE]

FIXME: this section is incomplete.
EEXE XA HATE,

1. Run the command 'boot' (*note boot::).
1181782 "boot"KJZ5N , IBZ /" /Z5-boot"&E 75,

However, DOS and Windows have some deficiencies, so you might have to use more complicated
instructions. *Note DOS/Windows::, for more information.

9RM , DOS #1 Windows B— ‘“‘Z@EZ&\ FRCAMReI e R 2 EREIEE #IES. B
|;ﬂ"DOS/W|ndows"=‘+*LMkHY%p*EBEGM L

\\}t

4.1.2 Chain-loading an OS

(GRUB EAXM)Y #NHFWBERAS : 1.00
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4.1.2 V- BN—MRIER R

Operating systems that do not support Multiboot and do not have specific support in GRUB (specific
support is available for Linux, FreeBSD, NetBSD and OpenBSD) must be chain-loaded, which involves
loading another boot loader and jumping to it in real mode.

BRIERAET2AFE GRUB B E5| S 515 (FFEFZ 157 #5 Linux , FreeBSD , NetBSD #
OpenBSD A 4)HUEHE , S IIAZIREN- NI A IUKMNE , B RRIMNES — 5| SN EEH BRI
()RR BN E.

(ERN-FCREAE : AR CPURZR AT U 1MB |, 1IB3BERSR KN 64KB , BUBS &R K 2011 , —RR
Fi 16 i1R9ZF 178340 : 8086CPU)

The 'chainloader' command (*note chainloader::) is used to set this up. It is normally also necessary to
load some GRUB modules and set the appropriate root device. Putting this together, we get something
like this, for a Windows system on the first partition of the first hard disk:

an"chainloader"((E : ANMER)RATEARERN. BEELFEEME —L GRUB RIAEIRFIIE B H1E S
g‘g%l%iﬁ%o EelRal—& , TS TAF)XE , EZ5F Windows RAFBEEFE —MEENNE—1
oKX

menuentry "Windows" {
insmod chain
insmod ntfs
set root=(hd0,1)
chainloader +1

}

On systems with multiple hard disks, an additional workaround may be required. *Note DOS/Windows::.
ERAABEEZNEENE , OJEEETHEXNM S EREESHIIMNGS, E2ATES

%" DOS/Windows"

Chain-loading is only supported on PC BIOS and EFI platforms.

HX-IE B R 22 $F PCBIOS &% EFI £ &,

4.2 Loopback booting
4.2 Loopback booting([E] & 5| &)

GRUB is able to read from an image (be it one of CD or HDD) stored on any of its accessible storages
(refer to *note loopback:: command). However the OS itself should be able to find its root. This usually
involves running a userspace program running before the real root is discovered. This is achieved by
GRUB loading a specially made small image and passing it as ramdisk to the kernel. This is achieved by
commands 'kfreebsd_module’, 'knetbsd_module_elf', 'kopenbsd_ramdisk’, 'initrd' (*note initrd::),
'initrd16' (*note initrd::), 'multiboot_module’, 'multiboot2_module' or 'xnu_ramdisk' depending on the
loader. Note that for knetbsd the image must be put inside miniroot.kmod and the whole
miniroot.kmod has to be loaded. In kopenbsd payload this is disabled by default. Aditionally behaviour
of initial ramdisk depends on command line options. Several distributors provide the image for this
purpose orit's integrated in their standard ramdisk and activated by special option. Consult your kernel
and distribution manual for more details. Other loaders like appleloader, chainloader (BIOS, EFl,
coreboot), freedos, ntldr and plan9 provide no possibility of loading initial ramdisk and as far as author is
aware the payloads in question don't support either initial ramdisk or discovering loopback boot in other
way and as such not bootable this way. Please consider alternative boot methods like copying all Files
from the image to actual partition. Consult your OS documentation for more details.

GRUB BEB 1B —MEFE(E I T in R fEFIREFHVRZR (E1E 2 CD 122 HDD), AMIRIERAZESN M iZ
BERIXZIEEBMRIERR, XBEE SR EIFELEREFZTEZRMEIBERINME, X2181T GRUB HA
—MFRIR/NRBAEBAARAFEMNERIELAZ, XLEXINBGH

% "kfreebsd_module" , "knetbsd_module_elf" , "kopenbsd_ramdisk" , "initrd" , "initrd16" , "multiboot
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_module" , "multiboot2_module"s%"xnu_ramdisk" & ELAE X X EAII0EE, 7E kopenbsd BB A EEKIA

=XAN , FIEVEARAFEMNENITAKRBTHSTIEDN, LR THERTHAFX—BNMNBEMR&REK
ECEEM TINERFENEF BB FREDREE , BEEFRNAZINATFERRESES AT, S —
LeINEFEF PI B2 R INEL 38 |, 5570 N%;28(BIOS,EFI,coreboot),freedos,ntldr 1 plan9 ANe]EEIR L INE ¥ 84
EHREFEMEAFBEEOEIRE GO H B EZFHER — M B ARFEINESE @ T — LIk it
WS SR EMBEAEESUG IS/, BEERZENSISHENREESEF MBI EFEISRNA X, BEEIE
REAZI A HBFEMRESES AT,

4.3 Some caveats on OS-specific issues
4.3 — L& OS-45 M REEEIN

Here, we describe some caveats on several operating systems.
EXE , BN LR ERATRARLES,

4.3.1 GNU/Hurd
4.3.1 GNU/Hurd

Since GNU/Hurd is Multiboot-compliant, it is easy to boot it; there is nothing special about it. But do not
forget that you have to specify a root partition to the kernel.

EJ GNU/Hurd BN ZES|EM , MAEESZEBHE ; Xt 4faI0, BRAFIC TR AEMtIEE
H— P AZRENRS X,

1. Set GRUB's root device to the same drive as GNU/Hurd's. The command 'search --set=root --file
/boot/gnumach.gz' or similar may help you (*note search::).

1.3E GRUB IR 1R B 1R E N E D GNU/Hurd FRrERYIRENEE. @5 J"search --set=root --file
/boot/gnumach.gz" S EMEUNENGS. WHSEEN , ESBnNEE /boot/gnumach.gz X4 , FiE
FERUEXX D XIRE NRIZE.
AR BOXFBRIREAE—IEN , RN EXREXGFRAARBERAENSX, RiZ&EEHE GRUB INE OS
AZEt, —4N8 7 root FIETE , EEOARZEFIENIN 7 X REMEHBMEE RS,
40 : set root=(hd0,1)

2. Load the kernel and the modules, like this:
2. INEFTENAZKRERR , 10T :
grub> multiboot /boot/gnumach.gz root=device:hd0s1
grub> module /hurd/ext2fs.static ext2fs --readonly \
--multiboot-command-line='${kernel-command-line}'\
--host-priv-port='${host-port}'\
--device-master-port="'${device-port}'\
--exec-server-task='${exec-task}' -T typed 'S{root}'\
'S(task-create)' 'S(task-resume)’
grub> module /lib/ld.so.1 exec /hurd/exec 'S(exec-task=task-create)'

3. Finally, run the command 'boot' (*note boot::).
3. &/ , BITR#&®< "boot"

4.3.2 GNU/Linux
4.3.2 GNU/Linux

It is relatively easy to boot GNU/Linux from GRUB, because it somewhat resembles to boot a Multiboot-
compliant OS.
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M GRUB %5|5 GNU/Linux h 2B EZHT , AAEBREZMUTESIES—NMENZSESISIEHRL.

1. Set GRUB's root device to the same drive as GNU/Linux's. The command 'search --set=root --file
/vmlinuz' or similar may help you (*note search::).

1. 1% & GRUB MtR1ZFZE 14 /9 GNU/Linux FR{ERYIRENEE, @< "search --set=root --file /vmlinuz" s Hfit
EUNBUGS,

2. Load the kernel using the command 'linux' (*note linux::):
BT S " linux"ENEHRZ :
grub> linux /vmlinuz root=/dev/sda1

IFyou need to specify some kernel parameters, just append them to the command. For example, to set
'acpi' to 'off', do this:
MRFEZEEE —LARSH , REFE(ANEISSEmENR], F , ZE"acpi"igE R "off" , FTLAIXHE
5

grub> linux /vmlinuz root=/dev/sda1 acpi=off
See the documentation in the Linux source tree for complete information on the available options.

FRTHRERENFIAEIER , 2% Linux RICHEA RRYEE IS,

With 'linux' GRUB uses 32-bit protocol. Some BIOS services like APM or EDD aren't available with this
protocol. In this case you need to use 'linux16'
£ GRUB B/ "linux"as S EAIAZ(EF 32-bit iXHY, X7EFLE BIOS fR5540 APM B EDD FEA AR, &
XMIERT , RRZEEA"linux16"6F< -

grub> linux1 6 /vmlinuz root=/dev/sda1 acpi=off

3.If you use an initrd, execute the command 'initrd' (*note initrd::) after 'linux"
BUNRIFEFEXZEA— MR MEAFEE(nitrd) , MFEZERIT 7 "linux"Hm<L2BEEMIT initrd"65 <
grub> initrd /initrd
If you used 'linux16' you need to use 'initrd16":
MRFERAMR"linux16"is S MM EFEA"initrd16"5 % :
grub> initrd16 /initrd

4. Finally, run the command 'boot' (*note boot::).
4. &f5 , BITRMEES "boot”,

*Caution:* If you use an initrd and specify the 'mem="'option to the kernelto let it use less than actual
memory size, you will also have to specify the same memory size to GRUB. To let GRUB know the size,
run the command 'uppermem before_loading the kernel. *Note uppermem::, for more information.
S NBIHEA T initrd 1555 BASET B mem=MIZSHiIE B T/INFSIRATZEA/NMIEREE, it
M\E'E?’_ GRUB EPlx%ﬂ‘EﬂE’JWEWE Zil GRUB SXENLLEME , EEEMEEEN linux AR ZBIERIT

uppermem &<,

4.3.3 DOS/Windows
4.3.3 DOS/Windows

GRUB cannot boot DOS or Windows directly, so you must chain-load them (*note Chain-loading::).
However, their boot loaders have some critical deficiencies, so it may not work to just chain-load them.
To overcome the problems, GRUB provides you with two helper functions.

GRUB RNEEE /251 DOS g% Windows , FTAMRTIEREN-INEEEERBIE ], A , Ef RIS SEHARE
FFEEE —LRBEMAERRE |, FT L‘X%ﬁﬁﬁﬁﬂé‘t NEFEBINENNETESEM, AT XL EE ,
GRUB AfRigf TR MDEITIEER EX.

If you have installed DOS (or Windows) on a non-first hard disk, you have to use the disk swapping
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technique, because that OS cannot boot from any disks but the first one. The workaround used in GRUB

is the command 'drivemap' (*note drivemap::), like this:

MRIFELZIE DOS(3X Windows) LR TIEARRHESE —MEE L |, MM IEREERIIRTA , AAXLERERN

BE BN TR T HE —NMERUINIEMTER, GRUB ERAMASREHGS drivemap” , FIiXHE .
drivemap -s (hd0) (hd1)

This performs a "virtual" swap between your first and second hard drive.

X BRI HIBRIE —MERSE T /MERM TG, WAL EIR R T RIRIERE,

*Caution:* This is effective only if DOS (or Windows) uses BIOS to access the swapped disks. If that OS

uses a special driver for the disks, this probably won't work.

IR IRBRTIRERAET BIOS ZFEAEENBN. EBNRIBMEERARER TEHTHERNESES

g |, AR EIURBRE RN RIERALK,

Another problem arises if you installed more than one set of DOS/Windows onto one disk, because
they could be confused if there are more than one primary partitions for DOS/Windows. Certainly you
should avoid doing this, but there is a solution if you do want to do so. Use the partition
hiding/unhiding technique.

MRBRLFRESHALE—E DOS/Windows | —MER Er]gER £ o) , ARMNRE— 1A LR
DOS/Windows E R XAJRERSIERENIRVES, SAMMMIZERIXEM , BEXE—MERAAR , tNRFEIX
R, ERS XERE/ R EE AR,

IF GRUB "hides" a DOS (or Windows) partition (*note parttool::), DOS(or Windows) will ignore the
partition. If GRUB "unhides" a DOS (or Windows) partition, DOS (or Windows) will detect the partition.
Thus,if you have installed DOS (or Windows) on the First and the second partition of the first hard disk,
and you want to boot the copy on the first partition, do the following:
9N GRUB"B2iE (hides)"—~ DOS(3X Windows) 53X , DOS(3% Windows)1§ ZB& XM X, 1R GRUB" &= [2
#& (unhides)"— DOS(E% Windows)%' X , DOS(EL Windows)iF &G HiX N X, HLL , tNREEZIE
DOS(8k Windows) 3 Bl LR AEFE —MERME — M XEE NP XE , MBMGEESSXMIFEMSE—
PX, BTLARITUA IR :

parttool (hd0,1) hidden-

parttool (hd0,2) hidden+

set root=(hd0,1)

chainloader +1

parttool ${root} boot+

boot
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5 Writing your own configuration File

5mE{FECHEENXHF

GRUB is configured using 'grub.cfg’, usually located under '/boot/grub'This File is quite Flexible, but
most users will not need to write the whole thing by hand.

GRUB Fr{E FIMECEX & A" "grub.cfg" , EBE L "/boot/grub"E, XINMCENXHIFERE , BASH
AFPESAEEUNFINARNEZTEREHEBMIFIERNE,

5.1 Simple configuration handling
5.1 E R ERF

The program 'grub-mkconfig' (*note Invoking grub-mkconfig) generates 'grub.cfg' files suitable for most
cases. lItis suitable for use when upgrading a distribution, and will discover available kernels and
attempt to generate menu entries for them.

A" grub-mkconfig" 12 fF £ A Al B A F AEBA 1E)R F "grub.cfg" X, iX4"grub-mkconfig"i2 7 &
THEARN—EER , EREEEIRETRANARHEZHEZEMRHENFERESRE.

'‘grub-mkconfig' does have some limitations. While adding extra custom menu entries to the end of the
list can be done by editing '/etc/grub.d/40_custom' or creating '/boot/grub/custom.cfg’, changing the
order of menu entries or changing their titles may require making complex changes to shell scripts
stored in '/etc/grub.d/'. This may be improved in the future. In the meantime, those who feel that it
would be easier to write 'grub.cfg' directly are encouraged to do so (*note Booting::, and *note Shell-like
scripting::), and to disable any system provided by their distribution to automatically run 'grub-
mkconfig'.

"grub-mkconfig"FEFMAEFE—LERM, SEEFEBTXEDNYRNEEZRIIEINIBEE X KEEINHE
B /R =] CAIE T 4R3E" /etc/grub.d/40_custom" S {43R LI e & €Il H — " /boot/grub/custom.cfg" R & X 15 ,
MmEE R R F S EE R ENTRIFEIIX Pl RE T B X iE7F1E"/etc/grub.d/" B R ERY shell A {43
1TEE ZAHMELY , B EITIEHHRLE shell IR AFRIRISRENFRLIN |, BBLBRFRRTHIFINF , =ik
NI RTHED, XLEFRMErIREERRSBCUH, ELLHEAE] , LA AENX "grub.cfg"BBEENFEER
ZiEFEENATISEESHME XN , FHR I EZAE( R AR RHBNE1T grub-
mkconfig"fZFEVE S #HiZ,

The File '/etc/default/grub’ controls the operation of 'grub-mkconfig'. It is sourced by a shell script, and

so must be valid POSIX shell input; normally, it will just be a sequence of 'KEY=value' lines, but if the

value contains spaces or other special characters then it must be quoted. For example:

X" /etc/default/grub" X2 # " "grub-mkeonfig"IZ iz HlR1ERY, EEILFME — shell A , FrLAwI

AEMEY POSIX shell(FIBEMIRER A IEN) WA ; EXIREEH—7FIRY"KEY=value"FT¢BREVFZI , {B

MR ENETE SRS EMISHRNF IR M AN | SXKEE , F0 :
GRUB_TERMINAL_INPUT="console serial"

Valid keys in '/etc/default/grub' are as follows:
"/etc/default/grub" BB IAVREWT :

'GRUB_DEFAULT'
The default menu entry. This may be a number, in which case it identifies the Nth entry in the generated

menu counted from zero, or the title of a menu entry, or the special string 'saved'. Using the title may
be useful if you want to set a menu entry as the default even though there may be a variable number of
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entries before it.

"GRUB_DEFAULT"

BEFEIRINGNIFEED, ENEFNUER—1MNEF , IMMER N EEB IR EMKEFIIM 0 FiatirIE
NNEH, 2P UR— 1M REBEMIIMEER , XEER —MFAT S & "saved", (EFRAXBINIVIRHR]gELL
BREFR , BAMGRIZENBNRIANRREIN A gERE N REZEHRESHIFHERNM SR EREE,

For example, if you have:
flan , WREE -

menuentry 'Example GNU/Linux distribution' --class gnu-linux {

then you can make this the default using:
SRIE{RETLAfE X4 default 815 :
GRUB_DEFAULT="Example GNU/Linux distribution'
If you set this to 'saved’, then the default menu entry will be that saved by 'GRUB_SAVEDEFAULT',
'grub-set-default’, or 'grub-reboot'. The defaultis'0'.
WMRIRIZE F"saved" |, ABAFaNFMERIKRIMAVHEG (i E IS E A ENARIR R IHIII B BH B RTF
ZI"GRUB_SAVEDEFAULT" , "grub-set-default" , 3%"grub-reboot"&, MEEKIAFIIRER"0",

'GRUB_SAVEDEFAULT'

If this option is set to 'true’, then, when an entry is selected,save it as a new default entry for use by
future runs of GRUB. This is only useful if 'GRUB_DEFAULT=saved'; it is a separate option because
'GRUB_DEFAULT=saved' is useful without this option, in conjunction with 'grub-set-default' or 'grub-
reboot'. Unset by default. This option relies on the environment block, which may not be available in all
situations (*note Environment block::).

"GRUB_SAVEDEFAULT"

MBI UEEDNZE F"true” |, B4 , S—NFREHREPE , SREFZBHIUBRT T RFABIELLZBER
— NENUASK B R4S GRUB KR K117, MEXMEERE—HBMNT"GRUB_DEFAULT=saved"BIERA T ; ER
BEE—IEI"GRUB_DEFAULT=saved" , #HHEEG AT "grub-set-default"=%"grub-reboot", ZXIAEL T,
XMEIRER FIMRARIR | X ERNEEFTBRIER FEB AT A,

'GRUB_TIMEOUT'

Boot the default entry this many seconds after the menu is displayed, unless a key is pressed. The
defaultis'5'. Set to '0' to boot immediately without displaying the menu, or to -1' to wait indefinitely.
"GRUB_TIMEOUT"

HEA M, KRRBNERERERFRIASLVAFHFARIARE , B35 - MEBIETERIN, XEEIA
A"5", RER"0O"NMZEENERARZEMASEREE , SEFIZN"-1"NRLRIEFR.

'GRUB_HIDDEN_TIMEOUT'

Wait this many seconds for a key to be pressed before displaying the menu. If no key is pressed during
that time, display the menu for the number of seconds specified in GRUB_TIMEOUT before booting the
default entry. We expect that most people who use GRUB_HIDDEN_TIMEOUT will want to have
GRUB_TIMEOUT set to '0' so that the menu is not displayed at all unless a key is pressed. Unset by
default.

"GRUB_HIDDEN_TIMEOUT"

EEERRBHER T ZASEHFS VP AERER, 1R GRUB_TIMEOUT EEMMHMBARNZEZEEEBR TE
S8 , MEREME GRUB_DEFAULT EMENIARE. FATHEEAZ M AA GRUB_HIDDEN_TIMEOUT KEC
51 GRUB_TIMEOUT EBMiZE 7 "0"MIFHME —#2REMA , E A FM % GRUB_TIMEOUT RIFFIR{ERT
BA"C"MERMNMELRT T —MEIBBNBEA TEXEMRANRETMEEEBNEIAXETB O , M
GRUB_HIDDEN_TIMEOUT gt H Z RT#E R MEER < /BB B /R 3 S 89/F A A Mk
GRUB_TIMEOUT #9"0"# /%% , ™ GRUB_HIDDEN_TIMEOUT BIZKINME R =",

'GRUB_HIDDEN_TIMEOUT_QUIET'
In conjunction with 'GRUB_HIDDEN_TIMEQUT', set this to 'true' to suppress the verbose countdown
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while waiting For a key to be pressed before displaying the menu. Unset by default.
"GRUB_HIDDEN_TIMEOUT_QUIET"

©5"GRUB_HIDDEN_TIMEOUT"HEEH , IREE R "true"S AR FREAER E 1A FRIERR BB — N 1R
RTEMEERTEE, RMER"ES", MZRE R "afult" B BRiTETES,

'GRUB_DEFAULT_BUTTON'
"GRUB_DEFAULT_BUTTON"

'GRUB_TIMEOUT _BUTTON'
"GRUB_TIMEOUT BUTTON"

'GRUB_HIDDEN_TIMEOUT_BUTTON'
"GRUB_HIDDEN_TIMEOUT_BUTTON"

'GRUB_BUTTON_CMOS_ADDRESS'

Variants of the corresponding variables without the '_BUTTON' suffix, used to support vendor-specific
power buttons. *Note Vendor power-on keys.

"GRUB_BUTTON_CMOS_ADDRESS"

1‘5%5&% " BUTTON"AEEMBRTE , AT EHNEEIEREZH, FINFELEICARN S ERER
THF,

'GRUB_DISTRIBUTOR'

Set by distributors of GRUB to their identifying name. This is used to generate more informative menu
entry titles.

"GRUB_DISTRIBUTOR"

i%E GRUB FTETRMEZHE B, XRATEREZEEEXBEEDAIREE,

'GRUB_TERMINAL_INPUT'

Select the terminal input device. You may select multiple devices here, separated by spaces.
"GRUB_TERMINAL_INPUT"

ERLIRMAIRSE, EXBERITNEES MRS , AEBIENR.

Valid terminal input names depend on the platform, but may include 'console' (PC BIOS and EFI
consoles), 'serial' (serial terminal), 'ofconsole' (Open Firmware console), 'at_keyboard' (PC AT keyboard,
mainly useful with Coreboot), or 'usb_keyboard' (USB keyboard using the HID Boot Protocol, for cases
where the firmware does not handle this).

EXMRIHMABMEVRTFES |, BT E " "console"(PC BIOS #1 EFiconsoles 1=#18) , "serial"(B 0%
#18) , "ofconsole" (R E4EHIE) , "at_keyboard"(PC H#2E , TEHBITF Coreboot : EREEIT) ,

3%, "usb_keyboard"(f#H HID BzffiXAI USB #E2 , HEHAIEXMa)BHERL T, )

7% Coreboot :

LinuxBIOS 5t&l , —{@ Free Software BI5t& , EEENXIFIRS 2 ER LR BIOS EL R BES
coreboot, EFF L coreboot R 2 —{E/NELEEENTEREAVFNEE | RIBIMERMIERIAL , ABMIEERIER
MEERSHEE Z—, coreboot MARZEA Linux MRERY , #EATRILAGER Linux ZIDRE(EEE |, &
RARIL Linux O ARENRRY Flash ROM B 5 EHE IR coreboot FFE—#2 , S E1E1E1® FILO 3 GRUB2 REL
Ef Linux iy , MEFEEEENEEEH I LA ARBMEIHEFERAEK R Plan 9. Windows, FreeBSD &,
(LALE3I8 : http://www.oschina.net/p/coreboot/)

JEHID :

7= Human Interface Device FI4E , HEBMFIU THE HID REREERS AR EMNIRE , fINRE. Bix
5E%iTE, NI HD EFAAR—EEBANED , RENS HID Z3HMTEHigEE HID 18& (B8 :
http://baike.baidu.com/link?url=e71NiaEFkjA4-
azdAw3GKPgBKzZ12ifUhZpnULdMo7xLVStwjM49d1sSWvt9m4VagxL3onDzAzuBe-0WQo7vlla)

The default is to use the platform's native terminal input.

ERARER ST ibLiniaA,

'GRUB_TERMINAL_OUTPUT'

(GRUB EAAX#H) EFMBRAS : 1.00
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Select the terminal output device. You may select multiple devices here, separated by spaces.
"GRUB_TERMINAL_OUTPUT"

ERLIRHHIZSE, XBMRPITNIEESMEE | ASBO .

Valid terminal output names depend on the platform, but may include 'console' (PC BIOS and EFI
consoles), 'serial' (serial terminal), 'gfxterm' (graphics-mode output), 'ofconsole’' (Open Firmware
console), or 'vga_text' (VGA text output, mainly useful with Coreboot).

BRLiRaHBMEURTES |, (Br]EEEIE "console"(PC BIOS # EFlconsoles £#I&) , "serial" (g8 O 3=l
&) . "gfxterm" (B2 $itH) , "ofconsole" (FHMEHIEHIA) , 5k "vga_text"(H VGA IRENAI X A% R
1 , EEHBET{ER Coreboot),

The default is to use the platform's native terminal output.

EFRMNEREA ST AR L IR,

'GRUB_TERMINAL

If this option is set, it overrides both 'GRUB_TERMINAL_INPUT' and 'GRUB_TERMINAL_OUTPUT' to the
same value.

"GRUB_TERMINAL"

WMERIFE TIXMNED , EAEE"GRUB_TERMINAL_INPUT"5"GRUB_TERMINAL_OUTPUT"iXENINEEER
{8 , MMSEIRAEE RIS A T,

'GRUB_SERIAL_COMMAND'

A command to configure the serial port when using the serial console. *Note serial::;. Defaults to 'serial'.
"GRUB_SERIAL_COMMAND"

SEIfERRITES SNMRMERAXREERITImAGmS, ERRIAMEA"serial",

'GRUB_CMDLINE_LINUX'

Command-line arguments to add to menu entries for the Linux kernel.
"GRUB_CMDLINE_LINUX"

AINE R ZB TR Linux AZIIGS1TSEL

'GRUB_CMDLINE_LINUX_DEFAULT'

Unless 'GRUB_DISABLE_RECOVERY' is set to 'true’, two menu entries will be generated for each Linux
kernel: one default entry and one entry for recovery mode. This option lists command-line arguments to
add only to the default menu entry, after those listed in 'GRUB_CMDLINE_LINUX'.
"GRUB_CMDLINE_LINUX_DEFAULT"

BRIE"GRUB_DISABLE_RECOVERY"1Z & /3"true" , BMENET Linux RIZRRZRRNESEMHESH
FIAANREEIRIARA : — P EAAREBRIVEF B —PMRERIVED, ZTILRNZISHEI R =R
FEAWEEERXE , HFHESRIE"GRUB_CMDLINE_LINUX"INRER S5 REME,

'GRUB_CMDLINE_NETBSD'

'GRUB_CMDLINE_NETBSD_DEFAULT' As 'GRUB_CMDLINE_LINUX' and
'GRUB_CMDLINE_LINUX_DEFAULT', but for NetBSD.
"GRUB_CMDLINE_NETBSD"

"GRUB_CMDLINE_NETBSD DEFAULT" #l[E "GRUB_CMDLINE_LINUX" A
’"GRUB_CMDLINE_LINUX_DEFAULT"—#% , EX % 'E R AT NetBSD,

'GRUB_CMDLINE_GNUMACH'

as 'GRUB_CMDLINE_LINUX', but for GNU Mach.
"GRUB_CMDLINE_GNUMACH"
F1"GRUB_CMDLINE_LINUX"—#¥ , {E R F§F GNU Mach,

'GRUB_CMDLINE_XEN'
'GRUB_CMDLINE_XEN_DEFAULT'

The values of these options are appended to the values of 'GRUB_CMDLINE_LINUX' and
'GRUB_CMDLINE_LINUX_DEFAULT' for Linux and Xen menu entries.

(GRUB EAAX#H) EFMBMRAS : 1.00
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"GRUB_CMDLINE_XEN"

"GRUB_CMDLINE_XEN_DEFAULT"

X LEE IR {E S M AN E]"GRUB_CMDLINE_LINUX"5"GRUB_CMDLINE_LINUX_DEFAULT" B Fr it [z A
Linux SZEIEINF] Xen FHEENE, W 17EATF"GRUB_CMDLINE_LINUX"BA
52"GRUB_LINUX_DEFAULT"—#¥ , (B REATF linux LA Xen,

E

Xen B— MNABUERBEMVIIEMEE , —MET X86 532/, KRR, MeERiATE. SBERERLIARRE
AR, BAFKEFL. (8|8 : http://baike.baidu.com/link?url=koikxgrO03Mn12vYL4FC-
auDr3pSjMFOKxih_tn82uQqcjeyuXZdhK5l_ISmVriQZO40s9EVIAC0-qZ52dKaiK)

'GRUB_CMDLINE_LINUX_XEN_REPLACE'

'GRUB_CMDLINE_LINUX_XEN_REPLACE_DEFAULT'

The values of these options replace the values of 'GRUB_CMDLINE_LINUX' and
'GRUB_CMDLINE_LINUX_DEFAULT' for Linux and Xen menu entries.
"GRUB_CMDLINE_LINUX_XEN_REPLACE"

"GRUB_CMDLINE_LINUX_XEN_REPLACE_DEFAULT"

X LI E S E R E]"GRUB_CMDLINE_LINUX"5"GRUB_CMDLINE_LINUX_DEFAULT"EEXF A4 Linux F0
Xen HHEFBEEMIE,

'GRUB_DISABLE_LINUX_UUID'

Normally, 'grub-mkconfig' will generate menu entries that use universally-unique identifiers (UUIDs) to
identify the root filesystem to the Linux kernel, using a 'root=UUID=..." kernel parameter. This is usually
more reliable, but in some cases it may not be appropriate. To disable the use of UUIDs, set this option
to 'true’.

"GRUB_DISABLE_LINUX_UUID"

—RRIBERT , "grub-mkconfig"i4fE £ BME—FRZFF(UUIDS)RAERL H AV B K B REIR B Linux AZAYE
XHRG , FH—1Nroot=UUID=.."N1ZE% , "UUID"RREXHZRF., XBEEMIE , BEERLERT
EOEEARELHN, EEZIFFEA UUIDs , MBIEXAMEINRE 7" "true",

'GRUB_DISABLE_RECOVERY'

If this option is set to 'true’, disable the generation of recovery mode menu entries.
"GRUB_DISABLE_RECOVERY"

MBXMETNZE A "true” , MEXAEMIRERINAIKEFZE,

'GRUB_VIDEO_BACKEND'

If graphical video support is required, either because the 'gfxterm' graphical terminal is in use or
because 'GRUB_GFXPAYLOAD_LINUX'is set, then 'grub-mkconfig' will normally load all available GRUB
video drivers and use the one most appropriate for your hardware. If you need to override this for some
reason, then you can set this option.

"GRUB_VIDEO _BACKEND"

NRAEEZSEI BN , EARNETER"gfxterm" B2 & ImEE 4 7] LLET i%
E"GRUB_GFXPAYLOAD_LINUX"S#UEIIRFE , AfG{ER " "grub-mkeconfig"an SHEBERIIE A T EINEFR
BEEMH GRUB MliMIE N2 H B BofERA — M RESREFIMMIED, NREEREEERMEZEEES
T, AR AR E XN R{ERIEIL,

After 'grub-install' has been run, the available video drivers are listed in '/boot/grub/video.lst'.

£ "grub-install"fZFF#MITLER G |, BB r] ARYMSMIRENFZF = 7E" /boot/grub/video.lst" X E 1 H,

'GRUB_GFXMODE'

Set the resolution used on the 'gfxterm' graphical terminal. Note that you can only use modes which
your graphics card supports via VESA BIOS Extensions (VBE), so for example native LCD panel
resolutions may not be available. The default is 'auto’, which tries to select a preferred resolution.
*Note gfxmode.

"GRUB_GFXMODE"

RE"gfxterm" B2 L IRAI D IR, TEMIE T FEZHME—1]1ER) VESA BIOS Extensions(VBE : 37
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FIREDS BIOS T B)EL , FHIAIsERNER TREA R BRFENDTIHER, SHRIAMER "auto" |, ILESE
HEIER— M RED R, WrEE N "auto" ZRIEM A A7 HZE"640x480",

'GRUB_BACKGROUND'

Set a background image for use with the 'gfxterm' graphical terminal. The value of this option must be a
file readable by GRUB at boot time, and it must end with '.png’, .tga’, ".jpg', or ".jpeg’. The image will be
scaled if necessary to fit the screen.

"GRUB_BACKGROUND"

BRE—MEAE"gfxterm" B LImENERE R, XMEMNEMER — M EEFXX4FH EE GRUB /B
I REPSHEIEE , mBLXXEFVERLL . png" , ".tga" , ".jpg"k"jpegd" NEENEFR., XMER A TIEMN
FEESHENFEMWB NN,

'GRUB_THEME'

Set a theme for use with the 'gfxterm' graphical terminal.
"GRUB_THEME"
RE—MERAE"gfxterm" B2 & imAYERD,

'GRUB_GFXPAYLOAD_LINUX'

Set to 'text' to force the Linux kernel to boot in normal text mode, 'keep' to preserve the graphics mode
set using 'GRUB_GFXMODE', 'WIDTHXHEIGHT'['xDEPTH'] to set a particular graphics mode, or a
sequence of these separated by commas or semicolons to try several modes in sequence. *Note
gfxpayload.

"GRUB_GFXPAYLOAD_LINUX"

R "text" S8 K5@H Linux AZBoNEIRENXEIRT , MEAR"keep"SHNSREBEFT{ER
F9"GRUB_GFXMODE"EIFR N BRVIRE , MmiBd{EA "WIDTHXHEIGHT"["XDEPTH"| SN B X IREBTE
%E’%HZJI‘EKE’\J"E xZBXRIFHR" , FEFTUAESHA SEARARIZELHSNMEENMLULZ NE1HE
NI E5,

Depending on your kernel, your distribution, your graphics card, and the phase of the moon, note that
using this option may cause GNU/Linux to suffer from various display problems, particularly during the
early part of the boot sequence. If you have problems, set this option to 'text' and GRUB will tell Linux
to boot in normal text mode.

WRIBRET{ERMAZ , FIERNAMRA , FIERNE | , f1—LrlR9f== 4 o) |, 2 ERX L] g8
K8 GNU/Linux EZRZZMSHENERRLA |, {3l RERNMNREAMEL, NRMGESERLE T ,
B] BAEEEINIR B A "text" WM 1L GRUB &1k Linux BoE| IE BRI AR E,

'GRUB_DISABLE_OS_PROBER'

Normally, 'grub-mkconfig' will try to use the external 'os-prober' program, if installed, to discover other
operating systems installed on the same system and generate appropriate menu entries for them. Set
this option to 'true' to disable this.

"GRUB_DISABLE_OS_PROBER"

EEM , "grub-mkeonfig" 2 Z R EFERA— NI R ARIFNEZ "os-prober'iz2F , IREELE , &k
EPRRGHRELZIMEMBELR THIRIERAZFBERBENRIENEZERIN, XEINIE A "true" N 79X 7,

'GRUB_INIT_TUNE'

Play a tune on the speaker when GRUB starts. This is particularly useful for users unable to see the
screen. The value of this option is passed directly to *note play.

"GRUB_INIT_TUNE"

= GRUB Ballf\17FE s EE —EHF, XN TAZEBIFRE LMWAFRPAHER, ZTXMENMNSRIE
BEEED play"ETEIA,

'GRUB_BADRAM'

If this option is set, GRUB will issue a *note badram:: command to filter out specified regions of RAM.
"GRUB_BADRAM"

NSRER TR E , GRUB NFE % H— badram as & EHIREIEER RAM(RTE) X 15,
(GRUB B7X#H) EHEMBMRAES : 1.00
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'GRUB_PRELOAD_MODULES'

This option may be set to a list of GRUB module names separated by spaces. Each module will be loaded
as early as possible, at the start of 'grub.cfg'.

"GRUB_PRELOAD_MODULES"

XMEI AT AR B 5 — 4 GRUB 1RIR BT FRHA B USSR BIE A DR, BRERRZ @ MRIESHSIEM
#, 2EMNEFTEAEZMNIT "grub.cfg",

For more detailed customisation of 'grub-mkconfig's output, you may edit the scripts in '/etc/grub.d’
directly. '/etc/grub.d/40 _custom'is particularly useful for adding entire custom menu entries; simply
type the menu entries you want to add at the end of that file, making sure to leave at least the first two
lines intact.

WMFEEFCEIFLHRY"grub-mkeonfig"#it , fReIABIZEIEN T "/etc/grub.d" B REBRIBIA 4, mME
HHY"etc/grub.d/40_custom"XEWNFRINFTEIBEE XZBTHRINER ; (RRFIEE M AR RINE R0
AXHRIRE , HEREREANIENLRAITRII ARG,

5.2 Writing Full configuration files directly
52 EEREHTEBNEENY

'grub.cfg' is written in GRUB's built-in scripting language, which has a syntax quite similar to that of GNU
Bash and other Bourne shell derivatives.

"grub.cfg"X{HFIA B R GRUB FIAEMAIES KRS , EIVIEEZE{LTF GNU Bash LAKEAth Bourne
shell 74 fm.

A "word" is a sequence of characters considered as a single unit by GRUB. Words are separated by
"metacharacters", which are the following plus space, tab, and newline:
— A H"FE"FTEMNFAFIIHE GRUB ML a—NETHIBEIE, RiAS58IEZEN TFHF"EDIRE , AFFr
AR rF S F B0 E"SH8A" , "BIRE"S"MITHE"

{}1&$;<>

Quoting may be used to include metacharacters in words; see below.

"SIRA"EIFERRAEERIEREER " TFEAHIBAT BT

Reserved words
REBEiE(IREBF)

Reserved words have a special meaning to GRUB. The following words are recognised as reserved when
unquoted and either the first word of a simple command or the third word of a 'for' command:
XLEFTREBRVEFATE GRUB BEEBIIFHREN., U TRIAERRESFHEESNESWIRAINREFMAETER
EE[.':I]:I']E?}EEE—/F?ﬁﬁéﬂﬁiﬂ‘]f’e’ﬁiﬁ‘ﬁ%ﬁﬁﬁ%mEﬁ\?ﬁﬁéﬂﬁiﬁ‘]"l‘or"ﬁ‘ﬁ%\ :

|

case do done elif else esac fi for function if in menuentry select then time until while

Not all of these reserved words have a useful purpose yet; some are reserved for future expansion.

XERERIEANEEMEEEIFAN  BERENTHRIYT RMKINE.

Quoting
51 A

Quoting is used to remove the special meaning of certain characters or words. It can be used to treat

(GRUB EAAX#H) EFMBMRAS : 1.00
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metacharacters as part of a word, to prevent reserved words from being recognised as such, and to
prevent variable expansion.

SIRMERZATRRITFANBEIEINGTHRE X, EERETFMEAZBFHFMMAARIEAN—3n , XEN
BALE T BiA#IRIA DREB RiE , HEPBIEEIMAERNIT ST EMIER T MK,

There are three quoting mechanisms: the escape character, single quotes, and double quotes.
XEE=F5|BIERVLE : ¥EXFR , B5|SHNE|S,

A non-quoted backslash (\) is the "escape character”. It preserves the literal value of the next character
that follows, with the exception of newline.

— N ESIERNRFINE — M EXFHFRIEFR)". EREBTREREFN T -1 FHNFEREBHRZ R
EZBRHEMNERIFAFCTFA) EMEBEFAREL |, B THRITHA.

Enclosing characters in single quotes preserves the literal value of each character within the quotes. A
single quote may not occur between single quotes, even when preceded by a backslash.
BETEEIISHNFRERHEAE T ZSENXAEMMAEEFF, —MNE5|ISHABEHIL S —HESIS
BNEES | S a1 LR AT HARIT,

Enclosing characters in double quotes preserves the literal value of all characters within the quotes, with
the exception of '$'and '\'. The '$' character retains its special meaning within double quotes. The
backslash retains its special meaning only when followed by one of the following characters: '$', "™, '\', or
newline. A backslash-newline pair is treated as a line continuation (that is, it is removed from the input
stream and effectively ignored(1) (*note Shell-like scripting-Footnote-1::)). A double quote may be
quoted within double quotes by preceding it with a backslash.

BRENS I SHNFHAERBHREESI SANMBFHAHEXAE , B"$" M "\" BRIMEMEILNE SN
F"S"FM"\" T eEEBEHESMER , MIEUEBFHNANEME). TS BN I SHEBFIINE X,
MEZUEBEFHFIEAMEEZENARFMI\"FEEZMBEEN L TIF/_Fz—  "$" ", "\"S {7,
mE"RFHL"EE ZRE — N RITH " PRSI FER — 1N ETR. (MR , ERERt ZAFMER T
1)\JZ.*‘I)Q m— N5 SEIBEERFMIAMERASIAS — 155,

glan -

line="OK\

_line2"

MEF=EFFE"OK line2" , LTHMIERRBILMARR i HZIVE =N,

Variable expansion
TETRE

The '$' character introduces variable expansion. The variable name to be expanded may be enclosed in
braces, which are optional but serve to protect the variable to be expanded from characters
immediately following it which could be interpreted as part of the name.

"S'"FRATEET R, HENZTERFIUHATERESH , AMXErNEN, XA THRIFEENTF
T&];ﬁﬂﬁﬁﬁ URZRTEEHENFHREBRATERFH 7,

gian -

var="_med_"

pre ="P"

suf ="s"

echo "$PS${var}ILSsuf"

el

P_med_ILS

MRNMEREIESS{varliL , MEAFERASvarlL , MARZRZRBIERIY BELER M varlL S IR,

Normal variable names begin with an alphabetic character, followed by zero or more alphanumeric
characters. These names refer to entries in the GRUB environment (*note Environment).
LERF—MIUFEBAIAL , EEAFTIHSINFENFR., XIEEFS5|AB GRUB IMEERIER.

(GRUB EAAX#H) EFMBMRAS : 1.00
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Positional variable names consist of one or more digits. They represent parameters passed to function
calls, with '$1' representing the first parameter, and so on.

TJEE BEBFH MRS IMFAEMN. ENRRASHBEEDNRLAR , B"S1"RRE—INSE, B
EHE,

The special variable name '?' expands to the exit status of the most recently executed command. When
positional variable names are active, other special variable names '@', '*' and '#' are defined and they
expand to all positional parameters with necessary quoting, positional parameters without any quoting,
and positional parameter count respectively.

BFHRNTERF T RAREHITHNGSIEHIRS, SUETENBF HTENME , HMSTREER
F'@" , "*"M"# ellnsly BH  "@"REFABMUENEESHHBTENEISHE|IBAFEIMNEY B
BY : "$1M 62" 83" L) M RAFIBMUENZESHEATNG SIS B (FIINET B @ $152

$3....) , "H'REFIBBEBRIMIES I,

Comments
e

A word beginning with '#' causes that word and all remaining characters on that line to be ignored.
E— T RiENKRITENLE"#"FHEERIMISXMIMUTFE—IT ENEENFE F AW B M-,
PR T 15 FR BB R IREE N RFRIM

Simple commands
BEHEATS

A "simple command" is a sequence of words separated by spaces or tabs and terminated by a semicolon
or a newline. The first word specifies the command to be executed. The remaining words are passed as
arguments to the invoked command.

—NMNEREGY"EH—HATSRIHIRGER Bn# MUE R SEIRITFHEALILFRRIEFS, E—NFiah
BEEWNITHGRS, RRNEAIIEASHESZLWIBAANGS,

The return value of a simple command is its exit status. If the reserved word "' precedes the command,
then the return value is instead the logical negation of the command's exit status.

B R SHIREENGLHIRLIRES, MRFEF""ERSZE , BLREERGHLWEER EINRHIRE,

Compound commands

EamL(ERANGS

A "compound command" is one of the following:

for name in word ...; do list; done

The list of words following 'in' is expanded, generating a list of items. The variable NAME is set to each
element of this list in turn, and LIST is executed each time. The return value is the exit status of the last
command that executes. If the expansion of the items following 'in' results in an empty list, no
commands are executed, and the return status is 0.

— " %E‘E@"%—Fﬁuz—(ﬁﬁﬁ%}ﬁ DEERER) , BIMER |, REEGNERS) -

for NAME in WORD ... ; do LIST ; done

EE?‘"ln"}:EE’J"WORD"§U%§A%§H‘E R —PMNBYR, EINEE"NAME"F RO IR ERIXNFIRER
SATER , FASRPAT RS, MEAHINEAERRE— I HOMTERENIIBEDS
E;JJEHWK?E MREBE"IN"FHXLEHNYT BRE—1MZE9IR , RNEBEAGSHENIT , BLAREIRZS
2R :

NAME 2EEMETEHE. WORD Z2Hia8V7IR, BEHSEINRFIEN , §X1EAF NAME F{ERFIRPHIRE
—JtH&, for BAIMNBRERASNEE—IMRITHRSHEHIRS, R WORD JIRAZE , BBARM—REAR

(GRUB EAXM)Y #NHFWBERAS : 1.00
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1T, BRSO,

if LIST; then LIST; [elif LIST; then LIST:] ... [else LIST;] fi

The 'if' LIST is executed. If its exit status is zero, the 'then' LIST is executed. Otherwise, each 'elif' LIST is
executed in turn, and if its exit status is zero, the corresponding 'then' LIST is executed and the
command completes. Otherwise, the 'else’ LIST is executed, if present. The exit status is the exit status
of the last command executed, or zero if no condition tested true.

if LIST ; then LIST ; [elif LIST ; then LIST ; ] ... [else LIST ; ] fi

S LIST IBR#HMIT, NREREARSR"0"("0"RARMAIN , E"0"RARAKI) , BBLAMEERIT
"then"LIST, BN , MESMRERITETEHRBIIE—"elif" LIST , M PUR"elif" LIST BHRHARTS
A"0", BBLMSEEMITESR "then" LIST AMERLR TIXEMITIER., EBNREBHERAR"0", M
SEEBERERITREEFRIAANelif" LIST , EZIREEAIREFE"0" M SEENITEIEER "else” LIST FLA
HERFEHMBRHRE , SAFIHER "else"BFERN. ERNAMKRE 1M HSHITREINEEIRSHUNRIME
Mk, /R A true M J5"0",

while COND; do LIST; done
until COND; do LIST; done
The 'while' command continuously executes the 'do' LIST as long as the last command in COND returns
an exit status of zero. The 'until' command is identical to the 'while' command, except that the test is
negated; the 'do' LIST is executed as long as the last command in COND returns a non-zero exit status.
The exit status of the 'while' and 'until' commands is the exit status of the last 'do' LIST command
executed, or zero if none was executed.
while COND:; do LIST; done
until COND; do LIST; done
XAN"'while"sr SIEARBEE HEMITEBAN"do" LIST , H2ISRfE COND RE—MEFIRSIE"0" A AL
R, "until'"HmELEERT "while"H< , BENIE—MXINETFEIAFEFIENEE/REY ; "do"LIST 2K
AMITERIRE COND S RETMFARE —N0"FIEHIRS, BEHIRS A "while"F1"until"GSERE—
gﬂgf}i”do"uﬂ ARSI "do"LIST FmREIRYIRZ , B MR EBEMITITEFER 7 MR [E"0",

TLEVL .
while 55 < 8 , & COND B2 BHKE N 0B , REMITLIST , EZI COND BHIREAR K 0,
until s 22 , 5 COND 2 BRHIREAR B OB , REMITLIST , EZI COND BHIRZE R O,

function NAME { COMMAND; ...}

This defines a function named NAME. The "body" of the function is the list of commands within braces,
each of which must be terminated with a semicolon or a newline. This list of commands will be executed
whenever NAME is specified as the name of a simple command. Function definitions do not affect the
exit status in '$?'. When executed, the exit status of a function is the exit status of the last command
executed in the body.

function NAME { COMMAND; ... }

XEE X — MR BF NAME, R ERK(body)" M BEESERBESAN—RIGS , BIGSHEREW
TRANSHIRITERLIER, S NAMEHENFERIUMER— NMEREGSBREIBA |, BRAERBFNEIS
LIRBGENIT 1B, BEXRHAZM S BRNRHIRES, EHITHEHE , —MRBEIBHRSERERE
HITAIRE —FHSHERMNIVBHIRS,

flan :
menuentry TITLE ['--class=class'...] ['--users=users'] ['--unrestricted'] ['--hotkey=key'l { COMMAND; ... }
X SRR N E ST R TN S BIR TR grub.cfg XA ERIAKEE,

Built-in Commands
REGS

Some built-in commands are also provided by GRUB script to help script writers perform actions that are
otherwise not possible. For example, these include commands to jump out of a loop without fully
completing it, etc.

GRUB IRt T —ELRAEMM A G S ERBIMAREBERITEMA ANNTEMEIRIENIE, Bl , XL IER
(GRUB BEAXH) EEHBRES : 1.00
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WEBRTENTEMILBEAMERIP LGS |, ENLRES,
]t - REEGSERARERMAREZENGES,

break ['n']

Exit from within a 'for’, 'while', or 'until’ loop. If 'n'is specified, break 'n' levels. 'n' must be greater than
orequalto 1. If'n'is greater than the number of enclosing loops, all enclosing loops are exited. The
return value is 0 unless 'n' is not greater than or equal to 1.

break ['n']

M break i FERAY"for" , "while" , Sk"until"fEIAMMKFIREH, RS "n"HiEE(E , MIRME"n"%, "n"w)
MARTFEHRFT 1. WR"n"XTFEIMNVEIMEERE | BBRRABENEIMAE W EREN. REERREER
0 FRIE"N"AIERFHFT 1 HE,

continue ['n']

Resume the next iteration of the enclosing 'for’, 'while' or 'until' loop. If 'n' is specified, resume at the
'n'th enclosing loop. 'n' must be greater than or equal to 1. If 'n"is greater than the number of enclosing
loops, the last enclosing loop (the "top-level" loop) is resumed. The return value is 0 unless 'n' is not
greater than or equal to 1.

continue ['n']

ERAMNBEERR for" , "while"sX"until"{EIMARIZZ) FF I8 T —XRIEIF (BRI LA : SIZFBEIAMEAR T
—3ER), NRSH n"HWIEEE , WA N"BIMIBEIMAEIIZ AR T —IRERCENR), "n"BIKFHEFTF
1, MNMR"N"AXTERFEBMEANTRERRE , WIERANRINEHBIMEEIIZI AR T —XEIA (R "T"1E
7)., ERREMEAR"0"FRIE"N"FVEIERFHEFTF 1.

return ['n']

Causes a function to exit with the return value specified by 'n'. If 'n" is omitted, the return status is that
of the last command executed in the function body. If used outside a function the return status is false.
return ['n']

(RIEE—/NINEERIERH HIRE"n"FIIEEME, NRZIBET" , BRERKSAEHBHREANRE —FHSL
MITEMERGHNREURZ, (RUNEREXR LAY/ BN ELR BRSS9 false,

thFiE i return ERAERBIRAR , MR TFREARIIIT KIESSM , MER[DO false, MIEREAT
return KEREESEARNTIEER IR FIERIEERN " n"EIREIZ E—RIFRERKRE , 1R Z2IEEE T "n"/1
S8, WSRO RE—FSHITIRM AR GRNREHIRZ,

shift ['n']

The positional parameters from 'n'+1 ... are renamed to '$1'.... Parameters represented by the numbers
'S#' down to '$#'-'n'+1 are unset. 'n' must be a non-negative number less than or equal to '$#'. If 'n'is O,
no parameters are changed. If 'n'is not given, it is assumed to be 1. If 'n' is greater than '$#', the
positional parameters are not changed. The return status is greater than zero if 'n' is greater than '$#'
or less than zero; otherwise 0.

shift ['n']

MNESHMFIR N N"+1... WEHBER"S1"... ERISHARREF "S#" T TEE "$#"-"n" + 1 BIWIR
B, N"WERHMNFHEFT"S#"BIERELY, WR"N"H0, WEESHWAE, NR"n"gLEH , BEHRBE
71, WR"N"KFHAN"S#" , BUESHNAEEE, NR"n"BARFIBAN"S#" M HIREARSARFFSM /)
T, 8MA0,

iR :

MIBESHN"+1 HEGHBA"S1", S n=0 B AS1 , = n=1W#HMRBS2 , hFEL2 a0=>b1,

al=>b2 , a2=>b3 , FIBMRIBELEME G —I , XMEEEER SR BUERI M E@RIFVHESI B X EFR,
iR shift"{EEF BN TZEQEBN"n"(U, M"'n"WEAKRTFHEFTF 0 FENFHFEFTEZHIREARN
#2S#", WIR"n" R 0 MAEEENRIE, NR"NEBLREMHEEBRER 1. AR"N"KF"S#"BALAMUESHUAR
28T , HESIRE—1NE 0 FRASIREME, MRIEEMITERNSIREHIRZIRENE O,

(1) Currently a backslash-newline pair within a variable name is not handled properly, so use this feature
with some care.
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(1) BRfE—N RF-RIT REXZERFERERIH , AMUERXMHERE — LIk,

5.3 Multi-boot manual config
53 B ERMNFICE

Currently autogenerating config files for multi-boot environments depends on os-prober and has
several shortcomings. While fixing it is scheduled for the next release, meanwhile you can make use of
the power of GRUB syntax and do it yourself. A possible configuration is detailed here, feel free to
adjust to your needs.

— it 2 E-5| SIMEXMREHT OS-IRNMEMBEMEMBEN G RAEERRE, MAE FNRITHRAMEE T
¥, ReIAzBFIFMIRS NEEFERE(RBE 2H GRUB iB/%1EF), —/MEANSIERE , BREIBHMt, &&
B, BEIL...(free BEZB)IMIESEFNER,

First create a separate GRUB partition, big enough to hold GRUB. Some of the following entries show
how to load OS installer images from this same partition, for that you obviously need to make the
partition large enough to hold those images as well. Mount this partition on/mnt/boot and disable
GRUB in all OSes and manually install self-compiled latest GRUB with:
BEEIE— 1R GRUB NX , KEEABTH GRUB, A TFTHIEARREIE ANE—MEEERIE—1MND
XE XN OS TREFR , ERAMINNXEBERFEBEMILIRBKR, BXPHXIEFE /mnt/boot IHEHE
RIVRIER B EMPRIZFAR A GRUB F BFiIE BE-Ri¥ LR&EHMRAR GRUB :

'grub-install --boot-directory=/mnt/boot /dev/sda’

In all the OSes install GRUB tools but disable installing GRUB in bootsector, so you'll have menu.lst and

grub.cfg available for use. Also disable os-prober use by setting:

HERIIRIER R E(ER GRUB TEEZLRMAHREIIE GRUB £REI5|1&EEKX , BAMRBERIBN

BY"menu.lst"s & "grub.cfg" X A(ER, EZEXF{ER"os-prober"f2F@IT U FiRE :
'GRUB_DISABLE_OS_PROBER=true'

in /etc/default/grub Then write a grub.cfg (/mnt/boot/grub/grub.cfqg):
1EEE [etc/default/grub ERYERA grub.cfg X4 S A (/mnt/boot/grub/grub.cfg) :

menuentry "OS using grub2" {
insmod xfs
search --set=root --label OS1 --hint hd0,msdos8
configfile /boot/grub/grub.cfg

}

menuentry "OS using grub2-legacy" {
insmod ext2
search --set=root --label OS2 --hint hd0,msdos6
legacy_configfile /boot/grub/menu.lst

}

menuentry "Windows XP" {
insmod ntfs
search --set=root --label WINDOWS_XP --hint hd0,msdos1
ntldr /ntldr

}

menuentry "Windows 7" {
insmod ntfs
search --set=root --label WINDOWS _7 --hint hd0,msdos2
ntldr /bootmgr

(GRUB EAX#H) EFMBRAS : 1.00
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}

menuentry "FreeBSD" {
insmod zfs
search --set=root --label freepool --hint hd0,msdos7
kfreebsd /freebsd@/boot/kernel/kernel
kfreebsd_module_elf /freebsd@/boot/kernel/opensolaris.ko
kfreebsd_module_elf /freebsd@/boot/kernel/zfs.ko
kfreebsd_module /freebsd@/boot/zfs/zpool.cache type=/boot/zfs/zpool.cache
set kFreeBSD.vfs.root.mountfrom=zfs:freepool/freebsd
set kFreeBSD.hw.psm.synaptics_support=1

}

menuentry "experimental GRUB" {
search --set=root --label GRUB --hint hd0,msdos5
multiboot /experimental/grub/i386-pc/core.img

}

menuentry "Fedora 16 installer" {
search --set=root --label GRUB --hint hd0,msdos5
linux /fedora/vmlinuz lang=en_US keymap=sg resolution=1280x800
initrd /Fedora/initrd.img

}

menuentry "Fedora rawhide installer" {

search --set=root --label GRUB --hint hd0,msdos5

linux /fedora/vmlinuz repo=Fftp://mirror.switch.ch/mirror/fedora/linux/development/rawhide/x86_64
lang=en_US keymap=sg resolution=1280x800

initrd /fedora/initrd.img
}

menuentry "Debian sid installer" {
search --set=root --label GRUB --hint hd0,msdos5
linux /debian/dists/sid/main/installer-amdé64/current/images/hd-media/vmlinuz
initrd /debian/dists/sid/main/installer-amd64/current/images/hd-media/initrd.gz
}

Notes:

* Argument to search after -label is FS LABEL. You can also use UUIDs with -fs-uuid UUID instead of -label
LABEL. You could also use direct 'root=hd0,msdosX' but this is not recommened due to device name
instability.

R

* -label KA RN T FS LABEL GEIRISEE, {RE2EILAR UUIDs BA -fs-uuid UUID B TNE R B -label
LABEL , fRiXr]AE #EH{E A "root=hd0,msdosX"{§ S EEEFERA N XEXRARENIE NIZEBFHRIEE,

5.4 Embedding a configuration File into GRUB

(GRUB EAAX#H) EFMBRAS : 1.00

Linux] [0 www.linuxidc.com



5.4 5 & X4 #% A Z| GRUB

GRUB supports embedding a configuration file directly into the core image, so that it is loaded before
entering normal mode. This is useful, for example, when it is not straightforward to find the real
configuration File, or when you need to debug problems with loading that file. 'grub-install’ uses this
feature when it is not using BIOS disk functions or when installing to a different disk from the one
containing '/boot/grub', in which case it needs to use the 'search' command (*note search) to find
'/boot/grub'.

GRUB ZFHEEEX M EIEHERAZ]"core"iZzDiRER , MEETHEAEERN Z#HINE, XFHEB T
B, FlaN , EREERE BN EEMNEEXGFELHAANER , SREEXRABNEZNHEEXE L
B RRRTEHR, Z"grub-install"ZEAEF BIOS MR INEERIBHES N S " /boot/grub” B R LR EIRERIMLE
BRER"grub-install"i2F S BNEIAMERARALREX G EIAZMNINE , EXMEATEEREEA
Z"search"fr £ A8 R H " /boot/grub" B RELIMB N EIR B REIIEMAIHLE,

To embed a configuration file, use the '-c' option to 'grub-mkimage'. The file is copied into the core
image, so it may reside anywhere on the file system, and may be removed after running 'grub-mkimage’'.
EEMA—NMEEXY , FEE"grub-mkimage" 2R REERE"-c"SHET, ERICEENXHGEHIE]#Zi0
'f“ﬁ%i , ELbERBEEBEENXGRAEIEFRGIE , FBFIGERE" "grub-mkimage"IZ2Fiz1TZ FE AN M
PREE,

After the embedded configuration file (if any) is executed, GRUB will load the 'normal’ module (*note
normal::), which will then read the real configuration file from '$prefix/grub.cfg'. By this point, the 'root’
variable will also have been set to the root device name. For example, 'prefix' might be set to
'(hd0,1)/boot/grub’, and 'root' might be set to 'hd0,1'. Thus, in most cases, the embedded configuration
file only needs to set the 'prefix' and 'root' variables, and then drop through to GRUB's normal
processing. A typical example of this might look like this:
ERITTRAREXXGZEWENIRE) , GRUB EINE "normal "R , EIFSiZENRE"Sprefix/grub.cfg"fIE
IEMEENX A, B5LEER , XM "root"EEMVERITEMRIZHZIREF, LW, "prefix" IR IZE
73"(hd0,1)/boot/grub" , #84 "root"F]BES#IRE 7 "hd0,1", HEltt , EREHBRAT , IREMALREXHEHR
EEIRE"prefix"TEF"root"TE |, #EE[E FiB3X 2 GRUB 9" normal"tERIFFZIELIEFA AT A T, — Nl
B B FERRGIXF

search.fs_uuid 01234567-89ab-cdef-0123-456789abcdef root

set prefix=($root)/boot/grub

(The 'search_fs_uuid' module must be included in the core image for this example to work.)
("search_fs_uuid"##2R I B SRz ORGF B ELL G FHEETS 1IEE T 1F)

In more complex

cases, it may be useful to read other configuration Files directly from the embedded configuration file.
This allows such things as reading files not called 'grub.cfg’, or reading files from a directory other than
that where GRUB's loadable modules are installed. To do this, include the 'configfile' and 'normal’
modules in the core image, and embed a configuration file that uses the 'configfile' command to load
another file. The following example of this also requires the 'echo’, 'search_label’, and 'test' modules to
be included in the core image:

EESEZNBERT , EFEEEENFRANRBEXGFEFIZNEMERANEEEN G, XA R IFIRLE 1%
HFALA"grub.cfg" 738 , sk GRUB RYBTINELIRIR B SREASMY — N B RPIZEN G, EMEXLE |, UFE

" configfile"#=RRF1"normal"{ZR B S 2" "core"iZIMRERE , HEEWHBRANBNMNCEX G R
F"configfile"GmSEMNME S —MNFIBENEEXH, FIFIFEEERE "echo” , "search_label" , 5 "test"
RRFIADERE—HEBE R DRERE .

search.fs_label grub root
if [ -e /boot/grub/example/test1.cfg ]; then
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set prefix=($root)/boot/grub
configfile /boot/grub/example/test1.cfg
else
if [ -e /boot/grub/example/test2.cfg ]; then
set prefix=($root)/boot/grub
configfile /boot/grub/example/test2.cfg
else
echo "Could not find an example configuration Ffile!"
fi
fi
The embedded configuration file may not contain menu entries directly, but may only read them from
elsewhere using 'configfile'.

Ft , WRAWEEXAF BTN EREZESMFENIRBIE , MR @ E£A" " configfile"ar < RizEX
FRTEthth B E X ARE R BB E TR,

(GRUB EAX#H) EFMBRAS : 1.00
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06.F B X {418 ,-Theme File Format
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6 Theme file format

6 ERFIZT\

6.1 Introduction
6.1 &

The GRUB graphical menu supports themes that can customize the layout and appearance of the GRUB
boot menu. The theme is configured through a plain text file that specifies the layout of the various GUI
components (including the boot menu, timeout progress bar, and text messages) as well as the
appearance using colors, fonts, and images. Example is available in docs/example_theme.txt

GRUB BB 25 EE LI BABE X GRUB 5| S E/MFEMINI, THREE L —MINXAEGIEER
ESMGUIAHNABR(BERMNFEE |, BRHES , FiINAER) ARINIERMEE , 4K , MBS , i
F docs/example_theme.txt BB BRBISTFY A,

6.2 Theme Elements
6.2 FRiTH

6.2.1 Colors
6.2.1 Bt

Colors can be specified in several ways:

BB EEALA FEYJLM A IERBE X -

* HTML-style "#RRGGBB" or "#RGB" format, where *R*, *G*, and *B* are hexadecimal digits (e.g.,
"#8899FF")

* L HTML ISR E X, "#RRGGBB" Bf "#RGB" &%\, , HH *R* , F *B* Jg+7xFHIEF (bt
4 : "#8899FF")

* as comma-separated decimal RGB values (e.g., "128, 128, 255")

* LLES{E PR 12 Hl RGB1E (tl:ﬂl] : "128,128,255")

* with "SVG 1.0 color names" (e.g., "cornflowerblue") which must be specified in lowercase.

* ¥ "SVG 1.0 BB (bW : "cornflowerblue"- 4¢3 L&) HAMME H/INE,

6.2.2 Fonts
6.2.2 1K

The fonts GRUB uses "PFF2 font format" bitmap fonts. Fonts are specified with full font names.
Currently there is no provision for a preference list of fonts, or deriving one font from another. Fonts
are loaded with the "loadfont" command in GRUB. To see the list of loaded fonts, execute the "lsfonts"
command. If there are too many fonts to fit on screen, do "set pager=1" before executing "lsfonts".
GRUB BYF R {EF"PFF2 font format" i R FEEIF A8, FAREITIEE T BIF AR REA, E BIFA
MEBEERFARIZR , SFEHMIMIFR, FARMEBFZAZ] GRUB B "loadfont"S., BEEBER
#HTHFMARIIR , FILARIT (sfonts"as S, MNRINEARASFRUETHEFER , WFE T?ﬂ’?"lsfonts"/\
ZBIRMIT— h"set pager=1"#%,

B+ :

grub-mkfont --verbose --range=0x0-0x7F --size=18 --output=DejaVuSans-18.pf2 $(locate
DejaViewSans.ttf)

A& LEMFH L LR DejaVuSansMono F1A , & s FxFHPRXREEZEHMAPIZFA |, tbal
WenQuanYi,

(GRUB EAXM)Y #NHFHBERAS : 1.00
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6.2.3 Progress Bar

6.2.3 FHEF

Figure 6.1

. 6. 1(TﬁE7KEE1§I . —.I-rE;:F*%E{/\o o o )

Figure 6.2

6.2

Progress bars are used to display the remaining time before GRUB boots the default menu entry. To
create a progress bar that will display the remaining time before automatic boot, simply create a
"progress_bar" component with theid"__timeout__". This indicates to GRUB that the progress bar
should be updated as time passes, and it should be made invisible if the countdown to automatic boot is
interrupted by the user.

B EFZ AR ERTE GRUB X BNEIAK BRI Z BIRIRIRETE), BRI —MEERXFEEENBNZEIER
H—PRIREE , ERREREMEIERL —1FE IDfRIRA"_timeout "B TEE’J progress_bar"#B{4, iXZRAA
GRUB BY## E R Jlxmﬁlﬁ%ﬁlﬂﬁﬁﬂﬁ%%‘ﬁﬁ’] ¥ BN IZEES B BINFHFAGITE |, BRI T2 2 F
%Ei}ﬂ)t')uj':Pliﬁf—'Enf]?&l‘ﬂﬁﬂﬁ'ﬁ?#ﬂﬂﬁﬁiﬁo

Progress bars may optionally have text displayed on them. This text is controlled by variable "text"

which contains a printf template with the only argument %d is the number of seconds remaining.

Additionally special values "@TIMEOUT_NOTIFICATION_SHORT@",

"@TIMEOUT_NOTIFICATION_MIDDLE@", "@TIMEOUT_NOTIFICATION_LONG@" are replaced with

standard and translated templates

HEEFZRIJURRERANEKERAN, INMNERRHIZFITE "text" 58 F—/ printf R ELA HIE—RISE %d

RRTFIRIVIEL, Jtt?M%ﬁﬂiB’MEﬁ

"@TIMEOUT_NOTIFICATION_SHORT@" , "@TIMEOUT_NOTIFICATION_MIDDLE@" , "@TIMEOUT_NOTIF

ICATION_LONG@"# & #r Jotm i 5 BRI AE R,

—ILME!J&lexEjJJ_EH BT "show text"BHRERIEE B RENTIS X ASLINFHEFZ AR B IEK
BR , MiX/N"show text"E’J)='T’_iLTU\%E’zlxﬁjj"true"T%"False" m"true" N A7 /2 B RET (8){E] A,

6.2.4 Circular Progress Indicator
6.2.4 B R HETE R 28

The circular progress indicator functions similarly to the progress bar. When given an id of

" _timeout__", GRUB updates the circular progress indicator's value to indicate the time remaining. For
the circular progress indicator, there are two images used to render it: the *center* image, and the
*tick* image. The center image is rendered in the center of the component, while the tick image is used
to render each mark along the circumference of the indicator.

B R EISREERINAER M TFHE SR, HAH—1" tlmeout _"B9ID #RiIRAET GRUB SEEMERHERER
SMENTIRAFIRNE, WFREMHEERSE , EEABIMEREERE | — M center" B , F—
ANtick"Bl&R, FA center BRREIMEFOMIERES |, FAMABA tick 1%%%??&?‘@%%5%8’95?[571‘?\
SEEMHE - EIRS,

thFi i :

REHERZIERFEMUTHES , HiZE 7 "timeout"#y ID {ERT , GRUB & UALLIERIE EITHEIAIPR, XY
FRARHNES ERFHMNEGEAESI | — 1 center EHR 5 — Ntick"Bl1& , AN "center” ARG HIZR
2, MmN "tick" M AR HIZRERZE,

6.2.5 Labels

6.2.5 iK%

Text labels can be placed on the boot screen. The font, color, and horizontal alignment can be specified
for labels. If a labelis given the id "__timeout__", then the "text" property for that label is also updated
with a message informing the user of the number of seconds remaining until automatic boot. This is
useful in case you want the text displayed somewhere else instead of directly on the progress bar.

(GRUB EAXM)Y #NHFWBERAS : 1.00
Linuxd OO www.linuxidc.com



MENERXAERNERS|ISFEIEAUE, ERZEr]NRENAMRERNFR , e, 5KENTT
BHEESH, NERREHXAEWIZE H_timeout "I ID F7IR , BBAXMRERN "text" B ESERT—
MENAFPARADYNIXAER , BERINEERABNEN NI, BN T AMRELRMEAFEEERIN
WHERNA , MAREREREHRERL,

6.2.6 Boot Menu

6.2.6 ZRIXE

The boot menu where GRUB displays the menu entries from the "grub.cfg" file. Itis a list of items,
where each item has a title and an optional icon. The icon is selected based on the *classes* specified
for the menu entry. If there is a PNG file named "myclass.png" in the "grub/themes/icons" directory, it
will be displayed for items which have the class *myclass*. The boot menu can be customized in several
ways, such as the font and color used for the menu entry title, and by specifying styled boxes for the
menu itself and For the selected item highlight.

GRUB 75| B EHRRERHEENHRIE T "grub.cfg"XHEMNFEEFZH, ttR—MIEFRAIIFE ,
B MBEES — MM — N PIERER. BANERRERAREEAEXEIEBIEE "classes"SEKRELIN
B, FIIXEBE— 1 aR R " "myclass.png”"# PNG X HF "grub/themes/icons"BRXE , ABXMNEIMRMG R
FRBEE T "classes"SERME R "myclass"MIHBEFZBMER. KMBIMFEMNBEEXBESMMAIV, #10
AR EX BN BFAMERNFARSFREE , U LB EEEFERREASAIREEESHAX
MK BINEHERERFT{ERANS R

6.2.7 Styled Boxes
6.2.7 F L HESS
One of the most important features for customizing the layout is the use of *styled boxes*. A styled box
is composed of 9 rectangular (and potentially empty) regions, which are used to seamlessly draw the
styled box on screen:
BEXMEREENFHEZ —2FERA"FIVE", — MFEIVERR 9 MNMEF XIS FT4HAY (P] e R L2 /2 X 15 9
T) , BT ERES LT aE HEVE ¢

Northwest (nw) North (n) Northeast (ne)

[icp] e it it

West (w) Center (c) East (e)

] M &

Southwest (sw) South (s) Southeast (se)
Li)=3] 3] e

To support any size of box on screen, the center slice and the slices for the top, bottom, and sides are all
scaled to the correct size for the component on screen, using the following rules:
ATERBEEXFHEFRTIES, FENTIASEPSS5TIARINER , KEBFFARIL] R F145/\ 2 1E
MR BB ERAG , T AERMM

1. The edge slices (north, south, east, and west) are scaled in the direction of the edge they are
adjacent to. For instance, the west slice is scaled vertically.

2. The corner slices (northwest, northeast, southeast, and southwest) are not scaled.

3. The center slice is scaled to fill the remaining space in the middle.

1.1RB% R , B, B, Mdb) RREAIRMRAEREIFNAERA L, F1a0 , Bt A SRLEGIEERHRAEREY |
s t A M= B2 EE 57K SRR 48 A%

2RI R (B |, "L, REFAR)HSEARNGERIE | BLENRELER,

3. ERERRT A R LG 48 i E 7R B PR RV RIR =B E
As an example of how an image might be sliced up, consider the styled box used for a terminal view.
Flan— N EguEttl s, EEZ R #FRNERELTEARI LRI ERR,

Figure 6.3
6.3
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6.2.8 Creating Styled Box Images
6.2.8 BV E R ER

The Inkscape_ scalable vector graphics editor is a very useful tool for creating styled box images. One
process that works well for slicing a drawing into the necessary image slices is:

£ Inkscape_scalable(A 24 E_rFIH R) xEBRmERE —NMEEEANITIAEES TRIBFNESRFERE
B, KIMNF — N EERAREERERT AN —MIRIE

1. Create or open the drawing you'd like use.

1. BIESFT A — MREFEREE,

2. Create a new layer on the top of the layer stack. Make it visible. Select this layer as the current layer.

2. 8IB— R TEEERNINGL. FEHE], EFEXNMEFEISHEIE.

3. Draw 9 rectangles on your drawing where you'd like the slices to be. Clear the fill option, and set the
stroke to 1 pixel wide solid stroke. The corners of the slices must meet precisely; if it is off by a single
pixel, it will probably be evident when the styled box is rendered in the GRUB menu. You should
probably go to File | Document Properties | Grids and enable a grid or create a guide (click on one of the
rulers next to the drawing and drag over the drawing; release the mouse button to place the guide) to
help place the rectangles precisely.

3. BMRAEI R HMMEEIESLEIH o MERS., BRIEFEERIEFRIZIN , FHZEEEH 1 BRREAISLL,
EAFIUNAEI A RO THEEIEFE ; BINIRE T —MER |, EFTSEEEHNERERZI GRUB X
B BENMREEIREMZIN, FrUAMRNIZEI <X 4> EBrI<SAEE H>1E L <AFR>1EI |, 325 MERTHAY
ABNAAR R B IR E AL ARER BB — MARE | SRR AN Ge s it N E (R E S EU B PR R 2 G HeiE
EE L ; FEELIRE| ERME ERAIRRRRH).

4. Right click on the center slice rectangle and choose Object Properties. Change the "Id" to "slice_c"
and click Set. Repeat this for the remaining 8 rectangles, giving them Id values of "slice_n", "slice_ne",
"slice_e", and so on according to the location.

4. ARATRETIFNERFABRBER<NREM>, t8ZH"ID"A"slice_c"HAE<MA>, LAXHEFRIA I
ERFITH 8 MEF , LA F eI ID &N "slice_n" , "slice_ne", "slice_e" , SHEMNAV(IE——X R,

5. Save the drawing.

5. RF4E,

6. Select all the slice rectangles. With the slice layer selected,you can simply press Ctrl+A to select all
rectangles. The status bar should indicate that 9 rectangles are selected.

6.1k EFR BRI R, tIRRIEHIE LS | (REEREBEMIE CirltA X1 LA B R, RSERMNIZET
HE 9 NMEFHIE L,

7. Click the layer hide icon for the slice layer in the layer palette.The rectangles will remain selected,
even though they are hidden.

ﬁ?. §<;§%$&>EéﬁiEﬁéﬁﬁﬁﬁéﬁt}]ﬁﬁﬁﬁﬂﬁﬁﬁ\ﬁo ARLERE RGN AR IRIFERIEFRVIRE |, BD
EAHEBRRE T,

8. Choose File | Export Bitmap and check the *Batch export 9 selected objects* box. Make sure that
*Hide all except selected* is unchecked. click *Export*. This will create PNG files in the same directory
as the drawing, named after the slices. These can now be used for a styled box in a GRUB theme.

8. R <4 >B iy <4a K (i1 [ >#%%E 5) £ "Batch export 9 selected objects"TH#EER, HE{RAR"Hide all except
selected"&tF"unchecked" XA ERIRE., XIGELEFMEBRPEIBLHULIF BRHGEH PNGHEIX
4, FlaNasa J slices, ZEILXEEFTUEEERAZI GRUB ERIMFNERET,

6.3 Theme File Manual
6.3 T & Fift

The theme File is a plain text file. Lines that begin with "#" are ignored and considered comments.
(Note: This may not be the case if the previous line ended where a value was expected.)
The theme File contains two types of statements:
FAXGR—NEXAE M, CU"#"ERALMITREDEEME 2GR, (F  XeIaEHIEMLtbulR E—17
L5 RE—\ FHAE)
FAXGESRMWEERFERR :

1. Global properties.
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1. £BB%.

2. Component construction.

2. AL,

6.3.1 Global Properties

6.3.1 £FREM

6.3.2 Format http://note.youdao.com/signin/index.html?callback=http%3A%2F
%2Fnote.youdao.com%2Fgroup

6.3.2 183

Global properties are specified with the simple format:
LEBMHLAEREINKIEE :

name1;:value1
TELZ 118 1

name2:"value which may contain spaces"

TER2"FrFHR"

name3:#88F
TELZ 3 SHE

In this example, name3 is assigned a color value.

FEXANMIFR |, name3 P T — N EIRE,

6.3.3 Global Property List

6.3.3 =FREMLIIR

title-text
title-text
title-font
title-Font
title-color
title-color
message-font
boot an entry.
message-font
RRER.
message-color
message-color
message-bg-color
message-bg-color
desktop-image
desktop-image
desktop-color
desktop-color
terminal-box
terminal window.
terminal-box

Specifies the text to display at the top center of the screen as a title.
EEENXAEATEEERIFERINSNERAE,
Defines the font used for the title message at the top of the screen.
HME T EFSINERREUE B AT FER,
Defines the color of the title message.
HE T irlE BEe,
Defines the font used for messages, such as when GRUB is unable to automatically

METRRAMEEMANTA , fIW1E GRUB TiEBaNHE N KB H N FT 2 /REH/

Defines the color of the message text.
HETRRMEERHINARE®,
Defines the background color of the message text area.
METRRMEENXAXIFENEREAE,
Specifies the image to use as the background. It will be scaled to fit the screen size.
EEESMERNER., EREERUESEREXR,
Specifies the color for the background if *desktop-image* is not specified.
BETESFIERNEE , 8iiE " "desktop-image" AR RIZEIVIRE,
Specifies the file name pattern for the styled box slices used for the command line

EREXMGRINEGI A FERFIVERERR G STLIRE O PRI,

For example,"terminal-box: terminal_*.png" will use the images "terminal_c.png" as the center ares,
"terminal_n.png" as the north (top) edge, "terminal_nw.png" as the northwest (upper left) corner, and so
on. If the image for any slice is not Found, it will simply be left empty.

40 , "terminal-box:terminal_*.png"i4&{FEAE& "terminal_c.png"ZIF 8 [X 1 , "terminal_n.png" it A
(IMER)RHALNMIE |, "terminal_nw.png" AFEIL S (E LA)AE |, CALLEHE, NMRE—BHHEREEHKRE ,

MEMIERSEZE,

6.3.4 Component Construction

(GRUB E7X#4)

BiFMBRAS : 1.00

Linux O www.linuxidc.com



6.3.4 AL 451

Greater customizability comes is provided by components. A tree of components forms the user
interface. *Containers* are components that can contain other components, and there is always a single
root component which is an instance of a *canvas* container.

HERMHTERENREES, —PMHRBVAGERMR TAFEO, "Containers"AFErI B S EHthA
HrIAY |, FHIBLIREE —"root"IRLBHFHAE R "canvas" AR — L,

Components are created in the theme file by prefixing the type of component with a '+' sign:
HEMPIBBTEFEXXGRIEAGR — MRS "+" IE— I NSKIR :
'+ label { text="GRUB" font="aqui 11" color="#8FF" }
properties of a component are specified as "name = value" (whitespace surrounding tokens is optional
and is ignored) where *value* may be:
* a single word (e.g., "align = center", "color = #FF8080"),
* 3 quoted string (e.g., "text = "Hello, World!""), or
*a tuple (e.qg., "preferred_size = (120, 80)").
— NMAGREBMEME 79" name = value"BIFZ VB (RIF IN=H&FF R PR F B ES W 2 M) , mak
N'value"® ] AR :
*—/NEASE (140 : "align = center” , "color = #FF8080")
*—ANWE| S5 EIFERFE (140 : "text="Hello,World!"") , 2%
*— ANBUEEITAH (5140 : "preferred_size = (120,80)"),

o

6.3.5 Component List
6.3.5 HF IR

The following is a list of the components and the properties they support.
R HAHSENFFHNEME.

* label

A label displays a line of text.

—/N'label"trERAUER— I NXAIT,

Properties:

B :

text The text to display.

text EEMERIXE,

font The Font to use for text display.

font EIRXAFTERNFIR,

color The color of the text.

color NARFTERREE,

align The horizontal alignment of the text within the component. Options are "left", "center", and
"right".

align NAEHEEANSESTTAE, B "left"L , "center"d , F"right" A,

* image

A component that displays an image. The image is scaled to fit the component, although the preferred
size defaults to the image's original size unless the "preferred_size" property is explicitly set.

— NERE—MERIVAG., BREEHRUNESESE , MEEEX/NEARDEGREIEIR K/NER
JE"preferred_size" B H E IR E,

Properties:

B :

file The full path to the image File to load.

file ARG HRI TR,

* progress_bar
Displays a horizontally oriented progress bar. It can be rendered using simple solid filled rectangles, or

(GRUB EAAX#) EFMBRAS : 1.00
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using a pair of pixmap styled boxes.

BRE—NKEHER, EEBERRBRENSLAFIRAMAE —MER |, NEER N EEERFIVES.

Properties:

B :

fg_color The foreground color for plain solid color rendering.
fFg_color A RENEHE R EBER,

bg_color The background color for plaln solid color rendering.

bg_color ExRPeHERnagEBER,

border_color The border color for plain solid color rendering.

border_color AEEIEMRE R ERBEL,

text_color  The text color.

text_color XARIEIE,

show_text Boolean value indicating whether or not text should be displayed on the progress bar. If

set to *false*, then no text will be displayed on the bar. If set to any other value, text will be displayed

on the bar.

show_text EH{EAMMRELERARBIEXABREHESR, NRIZE h*false* |, 8B NXARE B/RE|3H

EFXL, IRZERNEFNEME , XARBFRERINHAERE,

bar_style The styled box speciﬁcation for the frame of the progress bar. Example:

"progress_frame_*.png" highlight_styleThe styled box specification for the highlighted region of the

progress bar. This box will be used to paintjust the highlighted region of the bar, and will be increased in

size as the bar nears completlon Example: "progress_hl_*.png".

bar _style FEVIEZRIRIE T It EE R FTEFAMLEM, BIF : "progress_frame_*.png"B5_tE e IE
ISR NS RN, RS RERIEAR A EERNS S X . FF RSB HIBNEREIE T

HEEZ K, HIF : "progress_hl *.png",

text The text to display on the progress bar. If the progress bar's ID is setto"__timeout__ ",
then GRUB will updated this property with an informative message as the timeout approaches.

text XZ!SJLTC"IJ HELE, NRHAEREM" timeout "ID TIKIRE, A4 GRUB I LEEHXMEM
value The progress bar current value. Normally not set manually.

value HEZFSaINE, BEARRFNRE.

start The progress bar start value. Normally not set manually.

start HEFRNHAKRE, BERNBFNRE,

end The progress bar end value. Normally not set manually.

end HEFNERE, BEAAFMRE,

* circular_progress

Displays a circular progress indicator. The appearance of this component is determined by two images:
the *center* image and the *tick* image. The center image is generally larger and will be drawn in the
center of the component. Around the circumference of a circle within the component, the tick image
wrll be drawn a certain number of times, depending on the properties of the component.

/T\ PMEFRHETEREE. ERIMNEMBEURTEANEIR | — 1 F*center*E&F 75— A*tick*RIE
1% XN ER(center) BREE RLERAMWFA BB HEEZERMUEMR H—MEAGF., BFEMAKZRA—
A, XARIC(tick) BRI A E R AE R RVET (8] =55 |, XEUR TFEERIEM,

Properties:
B :
center_bitmap  The file name of the image to draw in the center of the component.

center_bitmap BEXHBHEKGELETHGFNERUE,

tick_bitmap The file name of the image to draw for the tick marks.
tick_bitmap XN RIEERESE R E L%,

num_ticks The number of ticks that make up a full circle.
num_ticks mRBEANERANZIENEE,

ticks_disappear Boolean value indicating whether tick marks should progressively appear, or
progressively disappear as *value* approaches *end*. SpeaFy 'true" or "false".

ticks_disappear Jf/RAVE , RIBZIEX R BN 1ZZL B , SEEEvalue* i *end* X2 /B%, B
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Ja*true*zi*false*,

value The progress indicator current value.Normally not set manually.
value HEERBWIFE BERAAFIRE.

start The progress indicator start value.Normally not set manually.
start HEBRBINARE BERARAFIEE.

end The progress indicator end value.Normally not set manually.
end HERRBNERE, BERARAFIIRE.

* boot_menu
Displays the GRUB boot menu. It allows selecting items and executing them.
£/~ GRUBMIEXKE, EARFERIIEHMITE.

Properties:

B :

item_Ffont The font to use for the menu item titles.
item_font K EBIN B R PR {E AR R,

selected _item_font The font to use for the selected menu item, or "inherit" (the default) to use
"item_Ffont" for the selected menu item as well.

selected_item_font EEINBE#iE EAYATERARFA |, sk& "inherit" (4 R-X2EIANE) EE
F3"item_font" B i% BRI FA B K R INE #E PETHIFIE,

item_color The color to use for the menu item titles.
item_color KEBIEFAFT{ERNEE,

selected _item_color The color to use for the selected menu item, or "inherit" (the default) to use
"item_color" for the selected menu item as well.

selected_item_color SEEINE#% ERTET{ERVEIR |, & "inherit"(JDEIA) X{ER"item_color"EBigE
RIEN B SO R I B 4 P ETRIER &,

icon_width The width of menu item icons.lcons are scaled to the specified size.
icon_width HKEMBERNEE, BIRMEREEOIgEMEIEE K/,

icon_height The height of menu item icons.

icon_height KEBINAEEIRNSE.

item_height The height of each menu item in pixels.

item_height BN EBENBNSEMRRE HEAL

item_padding The amount of space in pixels to leave on each side of the menu item contents.
item_padding FEMBASTESMIAREEE , MERE R

item_icon_space The space between an item's icon and the title text, in pixels.
item_icon_space 151 B AR RS A Z (8189 [B)FR |, FRERIR R A B AL

item_spacing The amount of space to leave between menu items, in pixels.
item_spacing KEMB ZEEEIEE , UMERRERL

menu_pixmap_style The image file pattern for the menu frame styled box. Example: "menu_*.png"
(this will use images such as "menu_c.png","menu_w.png", 'menu_nw.png", etc.)

menu_pixmap_style SEHEAERMMFINERNEGIER. F40 : "menu_*.png"((XFEREH
0"menu_c.png" , "menu_w.png" , "menu_nw.png" , F%., )

selected_item_pixmap_style The image file pattern for the selected item highlight styled box.
selected_item_pixmap_style #iEHFHEBHSRHFNIERMEGRE,

scrollbar Boolean value indicating whether the scroll bar should be drawn if the frame and
thumb styled boxes are configured.

scrollbar BEAMRE, IRDESFITIIFIIERBEEE T , RIEFEBNZEE L,
scrollbar_frame The image file pattern for the entire scroll bar. Example: "scrollbar_*.png"
scrollbar_frame T2 RRNFHIEE AR, 140 : "scrollbar_*.png"

scrollbar_thumb The image Ffile pattern for the scroll bar thumb (the part of the scroll bar that

moves as scrolling occurs). Example:"scrollbar_thumb_*.png"

scrollbar_thumb AT RNFEANBGEXERIER, (HRNFRERNTRIAER D),

a0 : "scrollbar_thumb_*.png"

max_items_shown The maximum number of items to show on the menu. If there are more than
*max_items_shown* items in the menu, the list will scroll to make all items accessible.
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max_items_shown EXRRERRMEMNSEAHE. NREBET*max_items_shown*BIKEEE , 15
RENYRIGEFT BRI B FI#1A58],

* canvas

Canvas is a container that allows manual placement of components within it. It does not alter the
positions of its child components. It assigns all child components their preferred sizes.
EREA—1BE , ATFIHRERLEAGTEZAN, EASNTENFAAENME, EREME FAHE
B/

* hbox

The *hbox* container lays out its children from left to right,giving each one its preferred width. The
height of each child is set to the maximum of the preferred heights of all children.

X *hbox* BRFNEEBMEIHEF TR , L TENSENGERERE, MENFAENSENRER
FRIEMFEFTHAIRANEESE.

* vbox

The *vbox* container lays out its children from top to bottom,giving each one its preferred height. The
width of each child is set to the maximum of the preferred widths of all children.

X *vbox* BN LB THERIIHEFTE  FETE(NSENEESE. MBI TFRRINEENIRER
FrEMFIZFHHNRANEIETEE,

6.3.6 Common properties
6.3.6 NHEM

The fFollowing properties are supported by all components:

AT AZFEHMBEHEGRIEN

'left’

The distance from the left border of container to left border of the object in either of three formats:

MNBERNEANBEZI R EA R 2 BRI EEEF A =M R PAVER — A IURERR ¢

X Value in pixels
X U&= NE
p% Percentage

p% Bt
p%+x  mixture of both
P%+x WEESEH

ltopl
The distance from the left border of container to left border of the object in same format.

MNERNERDERIN RN R 2 ERESH UEEMBIURRTE

'width' The width of object in same format.

"width" WRIZEEFUB RS,

'height' The height of object in same format.

"height" WRIEEFUBERRIIER,

id' The identifier for the component. This can be any arbitrary string. The ID can be used by
scripts to refer to various components in the GUI component tree. Currently, there is one special ID
value that GRUB recognizes: "_timeout_" Any component with this ID will have its *text*, *start*,

*end*, *value*, and *visible* properties set by GRUB when it is counting down to an automatic boot of

the default menu entry.

"id" PNAHIRRF, XEIUAEENFRFE, X4 D 88T GUI A PERMAERS| HEH
Hi%, BHI, ¥ GRUB FrEIAYFARY IDERBE—1 : "_timeout_"1X4™ ID BY{E{rI4HFRY

*text* , *start* , *end* , *value* , Fl *visible* B # GRUB EEITTEI AR HEB NG| S — M EIARISE
BEREHMRIZE,

(GRUB EAAX#H) EFMBMRAS : 1.00

Linux O www.linuxidc.com



07.AME X5 S GRUB

07.)AM4& % 5| & GRUB - Booting GRUB from the network
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7 Booting GRUB from the network
7 NM4&5| 5 GRUB

The following instructions only work on PC BIOS systems where the Preboot eXecution Environment
(PXE) is available.
PA T 1BR REIT TS | SHITIFE(PXE) 97T FAAY PCBIOS R4EER T,

To generate a PXE boot image, run:

Copy 'grub.pxe’, '/boot/grub/*.mod', and '/boot/grub/*.Ist' to the PXE (TFTP) server, ensuring that

"* mod' and "*.Ist' are accessible via the '/boot/grub/' path from the TFTP server root. Set the DHCP
server configuration to offer 'grub.pxe' as the boot file (the 'filename' option in ISC dhcpd).

£ —1PXESIBHRK , BT :

grub-mkimage --format=i386-pc-pxe --output=grub.pxe --prefix="(pxe)/boot/grub' pxe pxecmd

%l "grub.pxe" , "/boot/grub/*.mod" , 1 "/boot/grub/*.Ist" E| PXE(TFTP)BRS528 , MR ] CATE TFTP AR
5 230VIRE B REid iR 13 "/boot/grub" _IL,LU‘J'IEHEIJ"* mod"F0"*.Ist" 4, 1RE DHCP RSB 2EHVECE[F
"grub.pxe" fEA5| S (iIX4 "filename" EINFE ISC dhepd B, ),

You can also use the 'grub-mknetdir' utility to generate an image and a GRUB directory tree, rather than
copying files around manually.

Rtz e] EAfE A "grub-mknetdir" INEEE LM —MREES — 1> GRUB B FH , AR FaNthEE XM,

After GRUB has started, files on the TFTP server will be accessible via the '(pxe)' device.

£ GRUB [2aizfa , £ TFTP iRSZ B EMXXMHIFET "(pxe) "Iz MT#EUIE1Z,

The server and gateway IP address can be controlled by changing the '(pxe)' device name to
'(pxe:SERVER-IP)' or '(pxe:SERVER-IP:GATEWAY-IP)'. Note that this should be changed both in the prefix
and in any references to the device name in the configuration File.

AR5 E 5 MK IP A EC B BT 4E " (pxe)" IR & BHFRCXLZAY "(pxe:SERVER-IP)" Y, "(pxe:SERVER-
I;GAgES\zN_ﬁY-IP)" , BILAFSRECE RSB 2SRRI Ptttk , SEREEEX G RIgIRFEFII LR &85 | AN
AG LR e

GRUB provides several environment variables which may be used to inspect or change the behaviour of
the PXE device:

GRUB BRI /INMIMELEEZATHREIIEK PXE iR&HITH ¢

'net_pxe_ip'

The IP address of this machine. Read-only.

XAV IP b, Rif,

'net_pxe_mac'
The network interface's MAC address. Read-only.
&1z Ry MAC tthlik, Ris,

'net_pxe_hostname'
The client host name provided by DHCP. Read-only.
DHCP fRZ SRR HIZ iR EV B, i,
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'net_pxe_domain’
The client domain name provided by DHCP. Read-only.
DHCP frZ SRR EFimiEE. Rik,

'net_pxe_rootpath’
The path to the client's root disk provided by DHCP. Read-only.
DHCP frFZ B RHMBEEFIRIRHAENEEE, RiL

'net_pxe_extensionspath’
The path to additional DHCP vendor extensions provided by DHCP.Read-only.
DHCP AR%3 251R (HtHO@1ERTINAY DHCP FRSZ BN BAVERIZ, RifE,

'net_pxe_boot_File'
The boot file name provided by DHCP. Read-only.
DHCP RSB RMAVEISXHBM, RiL

'net_pxe_dhcp_server_name'
The name of the DHCP server responsible for these boot parameters.Read-only.
R XLES| ES A9 DHCP RSB 888/, Ri%,

'net_default_server'
The default server. Read-write, although setting this is only useful before opening a network device.
AR R, FIiEE |, REXIRERGEERTEITAMBKIZSE ZH,
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08.i#3d & [0 £ {¥ FH GRUB-Using GRUB via a serial line
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8 Using GRUB via a serial line
w8 d & 4 {#F GRUB

This chapter describes how to use the serial terminal support in GRUB.

AELHAWNAIEA GRUB #5158 4K i,

If you have many computers or computers with no display/keyboard, it could be very useful to control
the computers through serial communications. To connect one computer with another via a serial
line,you need to prepare a null-modem (cross) serial cable, and you may need to have multiport serial
boards, if your computer doesn't have extra serial ports. In addition, a terminal emulator is also
required, such as minicom. Refer to a manual of your operating system, for more information.
MRMTMERZEMERZZEE R/ EENER , %B/Aa_ HEMBEEEHERIEETBHN, B T8
T$ A&EEma s, T/J\F.-Ei“i} = Aﬁlﬂ%‘]ﬁﬂﬂ B4, WMRMFBREZESIIMIBITRO , (RER)
NME2EOR, ZI, EFE— /\2“ i E2% , 190 minicom, FMEERFEFTIRAVER HERGER,

As for GRUB, the instruction to set up a serial terminal is quite simple. Here is an example:
ZT GRUB , BEHRMOKRImNAEZEFER, FIAIFEZANMIF :

grub> serial --unit=0 --speed 9600

grub> terminal_input serial; terminal_output serial

The command 'serial’ initializes the serial unit 0 with the speed 9600bps. The serial unit 0 is usually
called 'COM1’', so, if you want to use COM2, you must specify --unit=1"instead. This command accepts
many other options, so please refer to *note serial:;, fFor more details.

S “serial"¥]81L 0 SR O B ITFHIRE RIFE J 9600bps, 0 SROBRTTEE W MHIE"COM1” , ALt , thR
{RAERA COM2 , FZEA"-unit=2"%E., “serial’ mLHBITZHMAD, FMEEER serial"BIFMIT,

The commands 'terminal_input' (*note terminal_input::) and 'terminal_output' (*note terminal_output::)

choose which type of terminal you want to use. In the case above, the terminal will be a

serial terminal, but you can also pass 'console' to the command, as 'terminal_input serial console'. In this

case, a terminal in which you press any key will be selected as a GRUB terminal. In the example above,

note that you need to put both commands on the same command line, as you will lose the ability to type

commands on the console after the first command.

#n< “terminal mput”%l]"termlnal out"Z EREAMNEMMERNRIR, ELEMNELR , EENE—

BOKm, mMA , Bidas< “terminal_inout serial console” , {RAJLAIEIF— /\“console”é’;‘lﬁﬁo QD%LHE’J

1% T BT LR GRUB 4% — @R RN console” &%, 7E F EHIFIF EBMNIZEAAN L IRER
MR LITH QD%M\?E%U)\ ZmS , BELEFRAZT —FHS.

However, note that GRUB assumes that your terminal emulator is compatible with VT100 by default.

This is true for most terminal emulators nowadays, but you should pass the option '--dumb' to the

command if your terminal emulator is not VT100-compatible or implements few VT100 escape

sequences. If you specify this option then GRUB provides you with an alternative menu interface,

because the normal menu requires several fancy features of your terminal.

%ﬁ'ﬁ , GRUB {BRE {RRYZ 1E,~nu¥\klk%§ VT100 Kifm, SRHIIKRZ BRLIREPFRE VT100 Lim, WRIRRY
iﬁﬁTJ‘iEgﬁT\%é VT1OO , B REZIFLEM VTI00 EXFR , BLNRER LS EE"-dump”it

. IBXEZIEDF , GRUB Ah1 LS R— BN B D |, EAJ0E .%E’J KBEFE —ERNKRIRIEE T,
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09.52 & ZHEHIAYE/EHE{FEH GRUB - Using GRUB with vendor
power-on keys
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09 Using GRUB with vendor power-on keys
09 ic & HEBIRIEREE{EA GRUB

Some laptop vendors provide an additional power-on button which boots another OS. GRUB supports
such buttons with the
'GRUB_TIMEOUT_BUTTON','GRUB_DEFAULT_BUTTON','GRUB_HIDDEN_TIMEOUT_BUTTON' and
'GRUB_BUTTON_CMOS_ADDRESS' variables in default/grub (*note Simple configuration::).
'GRUB_TIMEOUT_BUTTON', '"GRUB_DEFAULT_BUTTON' and 'GRUB_HIDDEN_TIMEOUT_BUTTON' are
used instead of the corresponding variables without the '_BUTTON' suffix when powered on using the
special button. 'GRUB_BUTTON_CMOS_ADDRESS' is vendor-specific and partially model-specific.
Values known to the GRUB team are:
— (@ T B A (L R A R (R — N EMSMN R R R SR BN B — MRIER 4, GRUB iEid default/grub HAY
“GRUB_TIMEOUT_BUTTON", “GRUB_DEFAULT _BUTTON"., “GRUB_HIDDEN_TIMEOUT BUTTON"#]
“GRUB_BUTTON_CMOS_ADDRESS” L ERZFhX M5, ZHERFHRIVRENET
“GRUB_TIMEOUT_BUTTON", “GRUB_DEFAULT _BUTTON"#] “GRUB_HIDDEN_TIMEOUT BUTTON"#F8
YEERMX BABLEAENT M AY)&E B E4R"_BUTTON"#IZEE, “"GRUB_BUTTON_CMOS_ADDRESS"LE X F ARG
KEANER , BB FAENESHEANER, FHEZILH GRUB ZBAFTEIERIER D E :
<Dell XPS M1530>

85:3
<Asus EeePC 1005PE>

84:1 (unconfirmed) (R £Z1IEEE)

To take full advantage of this function, install GRUB into the MBR (*note Installing GRUB using grub-
install::).

AT RSEREIANINEETRIIFA , FE1TF GRUB TR A MBR,  ({#H grub-install %2 GRUB )

If you have a laptop which has a similar feature and not in the above list could you figure your address
and contribute? To discover the address do the following:
MRFBE—BEICARBEMBEEMUNFHFABAEZFHNESIRP , FrIUXRITEHEREFEIEH B
BALHSR(EF ? IRIFW TR IR H ARAVHLE
*boot normally EFEED , T FI&GES

sudo modprobe nvram

sudo cat /dev/nvram | xxd > normal_button.txt
* boot using vendor button {EF[ ZREVHEED , MITFIIGHS

sudo modprobe nvram

sudo cat /dev/nvram | xxd > normal_vendor.txt

Then compare these text files and find where a bit was toggled. E.g. in case of Dell XPS it was:
AR LB EX R H M A — =V, Flu -
byte 0x47: 20 --> 28

It's a bit number 3 as seen from following table:

MINTTFHRPPIUBH LR ETHE 3 SAtll, (F10x47 RKRZ228LH 28, IRIBEBFRWNT 3)
0 01

1 02
2 04
3 08

(GRUB EAX#H) EFMBRAS : 1.00
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4 10
5 20
6 40
7 80

0x47 is decimal 71. Linux nvram implementation cuts first 14 bytes of CMOS. So the real byte address in
CMOS is 71+14=85 So complete address is 85:3

0x47 9+ HIFRR A 71, linux nvram TR EIE CMOS B981 14 N F 1. FTUATE CMOS R E SZRYHE
Ut 71+14=85, PFTUASTEERYMIIER 85 : 3

(GRUB EAAX#H) EFMBMRAS : 1.00

Linux O www.linuxidc.com



10.GRUB B8 ¢
10.GRUB & 18 X {4-GRUB image files

kkhkhkkkhhhkhhhrhhrrkkhrkrkirx

10 GRUB image Files
10 GRUB 7 1% 324

GRUB consists of several images: a variety of bootstrap images for starting GRUB in various ways, a
kernel image, and a set of modules which are combined with the kernel image to form a core image.
Here is a short overview of them.

GRUB B18%& TR : Xgﬂlﬁ“ﬂé)ﬂa}] GRUB U5 | EREMH. — 1MWNZBREXE H—RIINZE
HERARREXEERZOER, EXENXESEENMEL

'boot.img'

On PC BIOS systems, this image is the first part of GRUB to start.It is written to a master boot record
(MBR) or to the boot sector of a partition. Because a PC boot sector is 512 bytes, the size of this image
is exactly 512 bytes.

The sole function of 'boot.img" is to read the first sector of the core image from a local disk and jump to
it. Because of the size restriction, 'boot.img' cannot understand any file system structure, so 'grub-
setup' hardcodes the location of the first sector of the core image into 'boot.img' when installing GRUB.

"boot.img"
FENAEN BIOS 24iH |, X4 Z GRUB FF&“FEJJ#LFIE"JEE—E‘BQO E—MREBSAMBRA , EHSA
— N XM EBEXAF, EE:_FAAEEHLIE’JF'B?JF'ZE 1B512FT , M, IXEFHIRNER 512 F715,

"boot.img"#IME—INRER M — N AR 2 EPE’JifF:L,\%ﬁ%ﬁszFﬂPuHR’sfﬁ—/\FﬁE#E?Eh%ﬂé’éﬂn E. HTFX
/\BR®E , "boot.img" RNEEIBFMEMI R G LEM |, FTUA , TER 3K GRUB BYRY{E , "grub-setup"{Bizily X
HE—REXHHEE N"boot.img"H,

'diskboot.img'

This image is used as the first sector of the core image when booting from a hard disk. It reads the rest
of the core image into memory and starts the kernel.Since file system handling is not yet available, it
encodes the location of the core image using a block list format.

"diskboot.img"

SA—MERR BN , IMEEXEHAFZROREXEGNE -1 EX, BiREFERNZOERE XGHE
BiA%, lbﬁﬁ#?%ﬂ’]? RVEIEANEI A, E{EH block list Format fRIBIZICMEAR ST R iiE,

‘cdboot.img'
This image is used as the first sector of the core image when booting from a CD-ROM drive. It performs
a similar Function to 'diskboot.img'.

"cdboot.img"
{éé{;{? ROM IRZIgR BaEY , ENMREE G IEZDRBEXXEFNE -1 EEX, EF"diskboot.img"{c 16
X .

'pxeboot.img’

This image is used as the start of the core image when booting from the network using PXE. *Note
Network.

'pxeboot.img"

HIEL MBI TIMEAM BB |, X MREE SR S F DR B X EFRIF8,

'Inxboot.img'

This image may be placed at the start of the core image in order to make GRUB look enough like a Linux
kernel that it can be booted by LILO using an 'image=' section.

“Inxboot.img"

MBEEXMEBENGRELEEZOEBEGXENALE , ©E4# GRUB B&— linux A% , FHBEER—1
(GRUB EAXM)Y #NHFWBERAS : 1.00
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“image="77 , BJCA# LILO Bz/,

'kernel.img'

This image contains GRUB's basic run-time facilities: frameworks for device and file handling,
environment variables, the rescue mode command-line parser, and so on. It is rarely used directly, but is
built into all core images.

"kernel.img"

ENMEBRX GBS GRUB FIERIRIEITIRGE : SIRIREHXERNE. IMETE, MEERXTHGSIT B
MRESE, e ROVEEWHER  BEEMENZILDEGREERE.

'core.img’

This is the core image of GRUB. It is built dynamically from the kernel image and an arbitrary list of
modules by the 'grub-mkimage' program. Usually, it contains enough modules to access '/boot/grub’,
and loads everything else (including menu handling, the ability to load target operating systems, and so
on) from the file system at run-time. The modular design allows the core image to be kept small, since
the areas of disk where it must be installed are often as small as 32KB.

"core.img"

X & GRUB HyfZIMRR X, EBETEH "grub-mkimage" 2 F AN ZIRE X FF — R I ERIRIRTN S 2
i, BE , EE2EBIIRRETERIER"/boot/grub”" XK , HBEETEEITRNEAX G R KRR E TR
RO (BEIXEEIE  MEBEMRMERAAFS ) . FRANGITATRZRERE/N , BTFEEERE(1IwdMm
LR 32KB BBANIXIFE,

*Note BIOS installation: for details on where the core image can be installed on PC systems.

“ER*BIOS iR : E—EE#MBEA TARKIRKRITERETRE PCHRAAKE,

"*.mod'

Everything else in GRUB resides in dynamically loadable modules. These are often loaded automatically,
or built into the core image if they are essential, but may also be loaded manually using the 'insmod'
command (*note insmod).

"* mod"

GRUB FHYEA Eth ZRAERFE TSP MNEAVIRIR P, S E oIStz , & SiIsv AT LS
WIMAZDESSR , ME , el ERB <L ismod” Fajiti N,

For GRUB Legacy users
%+ F GRUB Legacy FH F

GRUB 2 has a different design from GRUB Legacy, and so correspondences with the images it used
cannot be exact. Nevertheless, GRUB Legacy users often ask questions in the terms they are familiar
with, and so here is a brief guide to how GRUB 2's images relate to that.

GRUB2 HJi&1+RETF GRUB Legacy , FTAEN 1ERI RIS IR eI e RN R, $AT , GRUB Legacy AP
ZBERREXINMNAEENBTA80L U, £ TEXNEENFMPIEHENNTREX G ZBRIEXR,

'stage1’

Stage 1 from GRUB Legacy was very similar to 'boot.img'in GRUB 2, and they serve the same function.
"stage1"

GRUB Legacy #fy“Stage 1"#1 GRUB 2 HfJ"boot.img"IEE L , F Bt 1IRHAERAITHEE,

'"* stage1_5'

In GRUB Legacy, Stage 1.5's function was to include enough filesystem code to allow the much larger
Stage 2 to be read from an ordinary filesystem. In this respect, its function was similar to 'core.img' in
GRUB 2. However, 'core.img' is much more capable than Stage 1.5 was; since it offers a rescue shell, it is
sometimes possible to recover manually in the event that it is unable to load any other modules, for
example if partition numbers have changed. 'core.img' is built in a more flexible way, allowing GRUB 2 to
support reading modules from advanced disk types such as LVM and RAID.

GRUB Legacy could run with only Stage 1 and Stage 2 in some limited configurations, while GRUB 2

(GRUB EAAX#H) EFMBMRAS : 1.00
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requires 'core.img' and cannot work without it.

"* stage1_5"

£ GRUB Legacy # , Stage 1.5 INEER B2 BWBHINX 4 R AR AB1LE KA Stage 2 FJAMN — N —ARBI 4
AGHIZEHR, EXNAHE , ETNEEEMTF GRUB2 A9 “core.img”, #AM , “core.img”tt Stage 1.5
EiEAR, BNERE—MEBIRNE shell 2/ , ERMNPXHESHATHERT , (RANEEIMNE IR
XE , B et g F otk E, “core.img”A—FRIFRIFZIVEIL , IF GRUB2 4N LVM F RAID
XM SR S B R EAR IR,

GRUB Legacy R e BALA—FPRHIFY S X1z 1T Stage 1 #1 Stage 2 , A , GRUB 2 i ZiE “core.img” , #} B
BEREEIEBT,

'stage?2’

GRUB 2 has no single Stage 2 image. Instead, it loads modules from '/boot/grub' at run-time.
"stage2"

GRUB2 %B B JHAY"Stage 2"171%, HIMXZz , EBT1TEI"/boot/grub” FRNELREIR,

'stage2_eltorito'

In GRUB 2, images for booting from CD-ROM drives are now constructed using 'cdboot.img' and
‘core.img’, making sure that the core image contains the 'iso09660' module. It is usually best to use the
'grub-mkrescue' program for this.

"stage2_eltorito"

7£ GRUB2 # , } CD-ROM IRzf)28 BRIRIR G H “"cdboot.img”Fl“core.img" 832 , MRAZIRGSIHH
B & "is09660" 18R, BERIFEMEA"grub-mkrescue" 2 7RSI IX LE,

'nbgrub’

There is as yet no equivalent for 'nbgrub’ in GRUB 2; it was used by Etherboot and some other network
boot loaders.

"nbgrub”

£ GRUB2 ;& E 5"nbgrub”It [z fY, “nbgrub”fEF|IF Etherboot F1Efth—LE M L& FEhz3 BT = #H L.

'pxegrub’

In GRUB 2, images for PXE network booting are now constructed using 'pxeboot.img' and 'core.img’,
making sure that the core image contains the 'pxe' and 'pxecmd' modules. *Note Network::.

"pxegrub"

7£ GRUB2 F7 , FHF PXE M4& BRI IR1E X4 H “pxeboot.img”"#l1“core.img”"€l , HRARZREXEFES
“pxe"F1"pxecmnd”1&IR,

(GRUB EAAX#H) EFMBMRAS : 1.00
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11 Filesystem syntax and semantics
"M XERENBEREEX

GRUB uses a special syntax for specifying disk drives which can be accessed by BIOS. Because of BIOS
limitations, GRUB cannot distinguish between IDE, ESDI, SCSI, or others. You must know yourself which
BIOS device is equivalent to which OS device. Normally, that will be clear if you see the files in a device
or use the command 'search' (*note search::).

GRUB {# F —M430R8018 5K F8 & BIOS vJ LA1A o) BVRE B IRENES, HT BIOS BIEPFRE M , GRUB R~NEEIR 7!
IDE , ESDI , SCSI &E&Mig &g, FMwIUER BIOS IRZTHRERAIREFZEIMNNKR, BEBAT ,
EREIREFXEFBEENER , BRPILAR AL "search"&E,

11.1 How to specify devices
1.1 M IEEIRE

The device syntax is like this:
BEIREEEWNT ¢
(DEVICE[,PARTMAP-NAME1PART-NUM1[,PARTMAP-NAME2PART-NUM2L[....]11)

'[1' means the parameter is optional. DEVICE depends on the disk driver in use. BIOS and EFI disks use
either 'fd' or 'hd' followed by a digit, like 'fd0’, or 'cd'. AHCI, PATA (ata), crypto, USB use the name of
driver followed by a number. Memdisk and host are limited to one disk and so it's refered just by driver
name. RAID (md), ofdisk (ieee1275 and nand), LVM (lv), LDM and arcdisk (arc) use intrinsic name of disk
prefixed by driver name. Additionally just "nand" refers to the disk aliased as "nand". Conflicts are
solved by suffixing a number if necessarry. Commas need to be escaped. Loopback uses whatever name
specified to 'loopback' command. Hostdisk uses names specified in device.map as long as it's of the
form [Fhc]d[0-9]* or hostdisk/<OS DEVICE>. For crypto and RAID (md) additionally you can use the
syntax <driver name>uuid/<uuid>.

"[1"ErSE2r]iER), DEVICE BURTF{ERARMEIRTNZE, BIOS Fl EFI MM EFER fd"shE "hd" FEHZEEN
WFE , HIa0"FdOGRIR)" |, "cd(GEIX)", M AHCI , PATA(ata) , crypto , USB EEE R B FEHEENE
F. Memdisk(RTFIRILEZ)F host(EN) #RFIE—MEEF B ER BT RENER2F K5 A,

RAID(md) , ofdisk(ieee1275 #1 nand) , LVM(lv) , LDM #0 arcdisk(arc) EM ERERA —MNHIRGI R FIRE
FIRARER R, LESh |, “nand” ARSI BARLEIE AR A nand" 1% E. EVENBATEBMHMEMNNEFR
SURARIREIBERYNR, MM ESNEZFERRFE NS, O IEEEFEIRFKL "loopback"dn${EMA,
AU RIRSEASMIAREE RS, XMBEM51RSE ZEHIMRET X REEX MR

[Fhc]d[0-9]*8% & hostdisk/<OSDEVICE>.Itt4h , ¥+F crypto #1 RAID(md) , {REJLAERIXFAZR : <driver
name>uuid/<uuid>.

cryptouuid/123456789abcdef0123456789abcdef0)
mduuid/123456789abcdef0123456789abcdef0)
lv/system-root)

md/myraid)

(GRUB EAAX#H) EHFMBMRAS : 1.00
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(ieee1275/disk2)
(ieee1275//pci@1f\,0/ide@d/disk@2)
(nand)
(memdisk)
(host)
(myloop)
(hostdisk//dev/sda)

PART-NUM represents the partition number of DEVICE, starting from one. PARTNAME is optional but is
recommended since disk may have several top-level partmaps. Specifying third and later component
you can access to subpartitions.

PART-NUM X5 DEVICE 95 X4RE , M 1 FF1h. PARTNAME 2 —MNeli&AEH BEEER |, TR
Bl EEBJL/ANNERIER RS, IEES=1FEEIES , (ReILiAREINNIgE ST XIFR X,

The syntax '(hd0)' represents using the entire disk (or the MBR when installing GRUB), while the syntax
'(hd0,1)' represents using the first partition of the disk (or the boot sector of the partition when
installing GRUB).
"(hdO)"RREABNELE (B ILXRGRUBE , ENNTFH#ER MBR) , “(hd01)"RREAMENE—
MK (HEEHELR GRUBEY , ENNAXMBEMEBEKX )

(hd0,msdos1)

(hd0,msdos1,msdos5)

(hd0,msdos1,bsd3)

(hdO,netbsd1)

(hd0,gpt1)

(hdo0,1,3)

If you enabled the network support, the special drives '(tftp)','(http)' and so on ars also available. Before
using the network drive,you must initialize the network. *Note Network::, for more information.

NRARBEN T LR ERE |, FFTRBIEEN" (Eftp)"F1"(http) " SFr] AMRE R, TE{ERMBIXEIZE 2RI IETNMLE,

If you boot GRUB from a CD-ROM, '(cd)' is available. *Note Making a GRUB bootable CD-ROM:;, for
details.
8" (cd)"B] LAFI F3 GRUB M CD-ROM H B 5],

11.2 How to specify Files
11.2 g{e[ 48 & 14

There are two ways to specify files, by "absolute file name" and by "block list".

£ GRUB 1 2 FIEEX RV % , E—BEN AW AFIRE" , Z—ME@EURYIR,

An absolute file name resembles a Unix absolute file name, using '/' for the directory separator (not '\' as
in DOS). One example is '(hd0,1)/boot/grub/grub.cfg'. This means the file '/boot/grub/grub.cfg' in the
first partition of the first hard disk. If you omit the device name in an absolute file name, GRUB uses
GRUB's "root device" implicitly. So if you set the root device to, say, '(hd1,1)"' by the command 'set
root=(hd1,1)" (*note set:), then '/boot/kernel' is the same as '(hd1,1)/boot/kernel'.

— LI ERIFZE(U Unix BULRIT X E&1Z , ER"/"fENB R 7R (DOS H{ER"\") . Il
“(hd0,1)/boot/grub/grub.cfg”, XAMIIFFRRIEF"/boot/grub/grub.cfg"EE —RERIIFE — R X A,
WRIRTE G4 ERIZ P ZERIZFZBFF , GRUB [221t{EH GRUB Y “root device”, ELLINRIRERATGHS
“set root=(hd1,1)"i& & T root device , 84 "“/root/kernel”"#1“(hd1,1)/boot/kernel" EEMEENEE,

11.3 How to specify block lists
1.3 YN[ E R R

(GRUB EAAX#H) EFMBMRAS : 1.00
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A block list is used for specifying a file that doesn't appear in the filesystem, like a chainloader. The
syntax is '[OFFSET]+LENGTH[,[OFFSET]+LENGTH]...". Here is an example:
RY|RAFRIEESELHMEXGRETRIXG |, NpizNNE:E, AERE : “[OFFSET]+LENGTH,[OFFSET]
+LENGTH]...” , FTEHR—MIF :

0+100,200+1,300+300

This represents that GRUB should read blocks 0 through 99, block 200,and blocks 300 through 599. If
you omit an offset, then GRUB assumes the offset is zero.
X AMAFFRR GRUB &iZEXIR 0 3R 99 , 32200 , FI3R 300 ER 599, INRZEE{RFEE , GRUB RKBRE R

==
B E Oo

Like the file name syntax (*note File name syntax:), if a blocklist does not contain a device name, then
GRUB uses GRUB's "root device". So '(hd0,2)+1'is the same as '+1' when the root device is '(hd0,2)".
XA BIFAE—F , IRRIRPGBERFIRERBM , GRUB 2{EA GRUB ARy “root device”, FTBA ,
% root device 2"(hd0,2)" , @54 "(hd0,2)+1"F0"“+1"BI{EFR 2 — 89,

(GRUB EAX#H) EFMBRAS : 1.00
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12 GRUB's user interface
12GRUBRAEFHRE

GRUB has both a simple menu interface for choosing preset entries from a configuration file, and a
highly flexible command-line for performing any desired combination of boot commands.

GRUB BE ] A B — MERHR B REEZERENEEEXEFEMIRTF THRERE |, XFJBI—1SERE
S SITERITTFREZENS I SHmSHES.

GRUB looks for its configuration file as soon as it is loaded. If one is found, then the full menu interface
is activated using whatever entries were found in the file. If you choose the "command-line" menu
option, or if the configuration file was not found, then GRUB drops to the command-line interface.
GRUB ZEEBEMREXHHB —ZKANIZEBEEME, WRKE— , BLATEBXBERESHEEE
BHNMNXEGEERTHEFEE, MNRIERE T "command-line"S8EIN |, SIXAREE X |, A84 GRUB
SETHEEE] command-line(#417) 2@,

12.1 The flexible command-line interface
12.1 RiEMGSITHREA

The command-line interface provides a prompt and after it an editable text area much like a command-
line in Unix or DOS. Each command is immediately executed after it is entered(1) (*note Command-line
interface-Footnote-1::). The commands (*note Command-line and menu entry commands::) are a subset
of those available in the configuration file, used with exactly the same syntax.
mPITREERME T — MR Unix a5 1TEk DOS S THRRHEFIREXAXIFE, S/ tnSEHRILEIHM
TTEZEZEGE : pTRE-ER-1), IEHSERE—IMEVNNEEXHNFE | FATEMEEMNEECE :

mLITERBEFEGR),

Cursor movement and editing of the text on the line can be done via a subset of the functions available
in the Bash shell:

i‘ﬂa;ﬁgiﬁl]?fé%?ﬁiﬁizﬁﬂ LB — PN BBV INEE FE& LI T Bash shell 2 -

<C-f>

<PCright key>

Move forward one character.

@RI —NF [,

<C-b>

<PC left key>

Move back one character.
IR BB —PNF .

<C-a>
<HOME>
Move to the start of the line.

BohBITHI AR E.,

<C-e>

<END>

Move the the end of the line.

BN EITRIGE R E,

(GRUB EAXH) #EMBRAS : 1.00
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<C-d>
<DEL>
Delete the character underneath the cursor.

BRI AR BRI F 1T,

<C-h>

<BS>

Delete the character to the left of the cursor.
MIBR AR B BIF 1,

<C-k>
Kill the text from the current cursor position to the end of the line.

BRSNS RIF MU E EEITRS R E,

<C-u>
Kill backward from the cursor to the beginning of the line.
ERLBERR MR E B ZITRIRIBAIE,

<C-y>
Yank the killed text back into the buffer at the cursor.
Y AR R MBREV AR 48 X,

<Cp>

<PC up key>

Move up through the history list.
E EEIR(ERITMEGRS)AEIIR,

<C-n>

<PC down key>

Move down through the history list.
ETFEIR(ERINGL)ALIIR,

When typing commands interactively, if the cursor is within or before the first word in the command-
line, pressing the <TAB> key (or <C-i>)will display a listing of the available commands, and if the cursor is
after the first word, the '<TAB>' will provide a completion listing of disks, partitions, and file names
depending on the context. Note that to obtain a list of drives, one must open a parenthesis, as 'root ('.
SBAREABTHE , IREFEGSITPNE-—NFIEZHIZA , FETF<TAB>H (5<Ci>)F 2R
— AN AGSHNIER , FRUNRZINMARREE —INFiEZE , BEN"<TAB>"BRHE— N TEMNME |, B
(IZ%D%EUJ:TBUE?&B‘Z#F%E’\J%EO EBAT IR EEIIER , RAERA—TMEES |, #i& "root

Note that you cannot use the completion functionality in the TFTP filesystem. This is because TFTP
doesn't support file name listing for the security.

EERAEEE TFTP XA AR ERATEMINE, XZERNTFTP B TXEUMAZ NGB FIIRERI
BE,

(1) However, this behavior will be changed in the Future version, in a user-invisible way.

(1) A, XEITRFERRBREPEMEE , A—FMBAP AT RGN,

12.2 The simple menu interface
122 —NEBREMNERERE

The menu interface is quite easy to use. Its commands are both reasonably intuitive and described on
screen.

— I REFEDREIBTZMERN, ERGSHEMISEENELITFREZ L,
(GRUB BEAXH) BFHERES : 1.00
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Basically, the menu interface provides a list of "boot entries" to the user to choose from. Use the arrow
keys to select the entry of choice, then press <RET> to run it. An optional timeout is available to boot
the default entry (the first one if not set), which is aborted by pressing any key.

BEEAL, M EBEREARU N ERIREZE"SISFE"RYBELEAFRZERE, FAFLEEZERE EREE ,
AEFR<RET>(EERITHHREE , —fe[IERALF)EEFEITE. —MNBRETEHEINES S — 1M EIASF
HUIRZIZENAE—15E) , EEZR T P EeE1LE (EIHE) &K,

Commands are available to enter a bare command-line by pressing <c>(which operates exactly like the
non-config-file version of GRUB, but allows one to return to the menu if desired by pressing <ESC>) or to
edit any of the "boot entries" by pressing <e>.

BT T RE<oH AN — PN LITEEXMEET2MEE T non-config-file(RBECE XX 4)HI GRUB hRA |, W1R
fRAERWE |, #R<ESC>RIBLREIZIF R, BB BT R<e>ERmEE'5ISFE",

If you protect the menu interface with a password (*note Security::),all you can do is choose an entry by
pressing <RET>, or press <p> to enter the password.

MR BITIZE — 1 password(iE : Z2)FRIFMRAVEE |, (RATEEMAVEIERE L — P FREHEITR<RET> ,
B EE<p>EHAZRE,

12.3 Editing a menu entry
123 fRiE— 1 REFRHE

The menu entry editor looks much like the main menu interface, but the lines in the menu are individual
commands in the selected entry instead of entry names.

HEZEMNFRESEREGTIHERA , ERXEFMNITENNMASOINERZESRENFZEREMRE
B,

If an <ESC> is pressed in the editor, it aborts all the changes made to the configuration entry and returns
to the main menu interface.

NREREFIZ T <ESC> |, EREUEEEEFR B EMEMBENARREIR EREFRHE.

Each line in the menu entry can be edited freely, and you can add new lines by pressing <RET> at the end
of a line. To boot the edited entry,press <Ctrl-x>.

BT R ZBE I UMRE RIE , F BREBIMAFRITETR<RET>RIEFATRHITHERUE, BEEH
— NREIFRISRE |, T#R<Ctrlx>,

Although GRUB unfortunately does not support "undo"”, you can do almost the same thing by just

returning to the main menu using <ESC>.
& X GRUB RANEMAREZ 5" "undo" , (BIRFILASCIR /L FAEEMSEE R F BT (EA<ESC>IREIZIEHE,

(GRUB EAAX#H) EFMBMRAS : 1.00
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13 GRUB environment variables
13GRUBIfIETL =

GRUB supports environment variables which are rather like those offered by all Unix-like systems.
Environment variables have a name, which is unique and is usually a short identifier, and a value, which is
an arbitrary string of characters. They may be set (*note set::), unset (*note unset::), or looked up (*note
Shell-like scripting::) by name.

GRUB ZFHMEZ EMERAPLEFRE Unix XRAEFARMEN—1F, MRTE=EFEHR , BXEBE—4HAFE
BEENMRRT , HERFYRE , WMER —MEENFFH, ENFTUKIRE , #iHE B EIBHRERK
=

A number of environment variables have special meanings to various parts of GRUB. Others may be used
freely in GRUB configuration Ffiles.

—EIMRREE GRUB ENFMEnEBENHKRNENX., »—Ethifo] UEEE GRUB MIEEEXFEER,

13.1 Special environment variables
13.1 FRMNIMME S £

These variables have special meaning to GRUB.

£ GRUB EEBIFHINEXNEE,

13.1.1 biosnum

13.1.1 biosnum

When chain-loading another boot loader (*note Chain-loading::), GRUB may need to know what BIOS
drive number corresponds to the root device (*note root::) so that it can set up registers properly. If the
BIOSNUM variable is set, it overrides GRUB's own means of guessing this.

= - I0E B — 151 BB, GRUB EZHIEEMNIRIZFHY BIOS RBHIRS(E : 1B) , UNEEREDR
[Efftig ES 17280018, 9N BIOSNUM RYEHIRE , EIFESE GRUB X LERYIEME,

For an alternative approach which also changes BIOS drive mappings the chain-loaded system, *note
drivemap::.

M7 —M7E AN IIH R A E XL BIOS IRFIHIBRET |, iE : IXTNZERRET,

13.1.2 chosen

13.1.2 chosen

When executing a menu entry, GRUB sets the CHOSEN variable to the title of the entry being executed.
HPIT—NEFERER , GRUB E CHOSEN L2112 & N MITE K B AINREL

If the menu entry is in one or more submenus, then CHOSEN is set to the titles of each of the submenus
starting from the top level followed by the title of the menu entry itself, separated by '>'.
MREREBE—NHUSNFHREPR , "CHOSEN"HIZENMNRESEXMKEAE , EEHMKOEREEFX
8B REEEEREE , FH >"FARDER.

13.1.3 color_highlight
13.1.3 color_highlight

This variable contains the "highlight" foreground and background terminal colors, separated by a slash
('/"). Setting this variable changes those colors. For the available color names, *note color_normal.

LT EARIZELIRIMEFR highlight"'sIRBHERE , L\"/"nR. BdigEEr ¥ highlight"gi=
elE=eE, sJANEES , iE:color_normal.

(GRUB EAAX#H) EFMBMRAS : 1.00
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The default is 'black/white'.
Lt L ERIEIAER "black/white”

13.1.4 color_normal
13.1.4 color_normal
This variable contains the "normal" foreground and background terminal colors, separated by a slash
('/"). Setting this variable changes those colors. Each color must be a name from the following list:
LT EAKRIZELRHEFH normal"'FIRBIERE , LU"/"7R. BB Er YT "normal"gi=
ME=E , N/ 9fR. FI{ERE®YEK :

* black

* blue

* green

* cyan

*red

* magenta

* brown

* light-gray

* dark-gray

* light-blue

* light-green

* light-cyan

* light-red

* light-magenta

* yellow

* white
The default is 'white/black’.
LT ERZKIAER “White/black”,

13.1.5 debug

13.1.5 debug

This variable may be set to enable debugging output from various components of GRUB. The valueis a
list of debug Facility names separated by whitespace or',’, or ‘all' to enable all available debugging
output.

LELEWARIREFTN S GRUB AHFRIIEINEIL, ERERUZEER" , "H2RIVIFNIRSBMATIR,

13.1.6 default

13.1.6 default

If this variable is set, it identifies a menu entry that should be selected by default, possibly after a
timeout (*note timeout::). The entry may be identified by number or by title.

MRUTEWHRE K AERKRIERENE , RAKASHNTEFFEENXEALD, B RS AME T
RAlA O,

If the entry is in a submenu, then it must be identified using the titles of each of the submenus starting
from the top level followed by the number or title of the menu entry itself, separated by '>'. For
example, take the following menu structure:

MEAOE—NFHRER , BINSERSBEXFERIER , FER">"DRAXE , SeEiRaliEEAO,
BN , BRIZBUWTRIKELEM !

(GRUB EAAXH) EFMBMRAS : 1.00
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Submenu 1
Menu Entry 1
Menu Entry 2
Submenu 2
Submenu 3
Menu Entry 3
Menu Entry 4
Menu Entry 5
"Menu Entry 3" would then be identified as 'Submenu 2>Submenu 3>Menu Entry 3'.
“Submenu 2>Submenu 3>Menu Entry 3" #1351 A 0 “Menu Entry 3",
This variable is often set by 'GRUB_DEFAULT' (*note Simple conﬁguratlon::), 'grub-set-default’, or 'grub-
reboot'.
X 2B E A “GRUB_DEFAULT,grub-set-default” 8 “grub-reboot”"Ri& &,

13.1.7 fallback

13.1.7 fallback

If this variable is set, it identifies a menu entry that should be selected if the default menu entry fails to

boot. Entries are identified in the same way as for 'default’ (*note default:).

ELHTERIRENERLT  REBMIANWAOBNEN , EFfEENAOSKIERERD, ERETEHRIEM
“default"TLE—H,

13.1.8 gfxmode

13.1.8 gfxmode

If this variable is set, it sets the resolution used on the 'gfxterm' graphical terminal. Note that you can

only use modes which your graphics card supports via VESA BIOS Extensions (VBE), so for example

native LCD panel resolutions may not be available. The default is 'auto’, which selects a platform-specific

default that should look reasonable.

MEXNEEIREFT , ERIRE"ofxterm"BEELInPERANSHE, [FRMRIREFERMRIEGEL

VESA BIOS # & (VBS) ﬁﬁihﬂ’]%ﬁ‘tbi‘ﬁ_t FBA 1§|J§1l]21§iﬂ2 LCD RN ] GER AT, TERIAE

A"auto" , EEEFE—NEBERFIENHR 'SZF‘*‘ e TE*HE&E’MEYE?]EJUME

The resolution may be specified as a sequence of one or more modes,separated by commas (',') or

semicolons (';'); each will be tried in turn until one is found. Each mode should be either 'auto’,

'"WIDTHXHEIGHT', or 'WIDTHXHEIGHTXDEPTH'.

ENDHRTGEBRE N —RIIN—PEHSMER |, UESHR(") X 7S("") ; ENEER) B ERORER
R — N (EEAEMER), BEMEN(ECESHE N iZE auto" , "BREXSE" , N'"EExSEXE

A HE— A,

13.1.9 gfxpayload

13.1.9 gfxpayload

If this variable is set, it controls the video mode in which the Linux kernel starts up, replacing the 'vga='
boot option (*note linux). It may be set to 'text' to force the Linux kernel to boot in normal text mode,
'keep' to preserve the graphics mode set using 'gfxmode’, or any of the permitted values for 'gfFxmode’
to set a particular graphics mode (*note gfxmode::).

MBXANGERETFT , EAHIENASER2ME Linux RIZBHREER , &iRX/N"vga="3|SEIN(E :
linux), bTﬁElﬁ%ﬁ"text"%Lﬁ Linux RzE5|SFAZIEENXAEL |, 88 79" "keep"HRIFEA
"%Fxmod()e" REMNERARR |, IREAEFIRIFRIERE "gfFxmode" 12 E — Aﬁiﬂl‘]ﬁﬂﬁﬁ(ﬁ :
gfxmode

Depending on your kernel, your distribution, your graphics card, and the phase of the moon, note that
using this option may cause GNU/Linux to suffer from various display problems, particularly during the
early part of the boot sequence. If you have problems, set this variable to 'text' and GRUB will tell Linux
to boot in normal text mode.

(GRUB EAXM)Y #NHFHBERAS : 1.00
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BARBURTFIRBIAZ , RIVEITHR , REVER < |, REVINE BER |, ;EEE A{ERLEDTE] 88 S 2 GNU/Linux
EZZMEHNER0OE , a2 RIS BaNlifF, NRMBE|DM , sJUIEELER text"fF
GRUB #F&iR Linux £5| S#rEX AL,

The default is platform-specific. On platforms with a native text mode (such as PC BIOS platforms), the
default is 'text'. Otherwise the default may be 'auto’ or a specific video mode.

EREAMEEURT FE8-45M%, T — N EENARMNARENE(EEWN PCAIBIOS &) , EREIAE "text”,
B — LRI EKINERTBE "auto" S E I — MIFE R IAIRC,

This variable is often set by 'GRUB_GFXPAYLOAD_LINUX' (*note Simple configuration).

EXNGEEE 22 H"GRUB_GFXPAYLOAD LINUX"SRiZE (X : &8 AEZE-Simple configuration),

13.1.10 gfxterm_Font

13.1.10 gfxterm_font

If this variable is set, it names a font to use for text on the 'gfxterm' graphical terminal. Otherwise,
'gfxterm' may use any available font.

MRTLEWIRE , E 'ofxterm"BIFZLInPHIN AR RERATERENTFR , BN , BinfEERER—F5]
=K,

13.1.11 icondir

13.1.11 icondir

If this variable is set, it names a directory in which the GRUB graphical menu should look for icons after
looking in the theme's 'icons' directory. *Note Theme Ffile format.

MRTEHIZE , SWIREL—IXHEHRX , 5 GRUB B XEIHKERE , REEEIANBREXXGRT , 2
BREXGRPIE,

13.1.12 lang

13.1.12 lang

If this variable is set, it names the language code that the 'gettext' command (*note gettext::) uses to
translate strings. For example,French would be named as 'fr',and Simplified Chinese as 'zh_CN'".
MRTLEWIRE , SWIRBAHEMESHRILAN |, 58S "gettext" 2EBRB A X IZFFRFE, H,
French 2Rig&R"“fr" , BAR X SMWIZ I “zh_CN”,

'‘grub-mkconfig' (*note Simple configuration::) will try to set a reasonable default for this variable based
on the system locale.

“grub-mkconfig" S LR RFEAMAR L LI T EIRE—NSIENIAME

13.1.13 locale_dir

13.1.13 locale_dir

If this variable is set, it names the directory where translation files may be found (*note gettext::),
usually '/boot/grub/locale'’. Otherwise,internationalization is disabled.

MRTLEWIRE , WA —AIXER , HEP TR EIZXHE , @EE"/boot/grub/locale” , &N ,
FRUEVBE I BN TERY,

'grub-mkconfig' (*note Simple configuration::) will set a reasonable default for this variable if
internationalization is needed and any translation Files are available.

?ED%B/T\T’CE’\J%% , FEFTEMNENEXIEEFE & |, "grub-mkeonfig" S oL T 2L — NS IEMIZKIA

13.1.14 menu_color_highlight
13.1.14 menu_color_highlight

This variable contains the foreground and background colors to be used for the highlighted menu entry,
separated by a slash ('/'). Setting this variable changes those colors. For the available color names,*note

(GRUB EAAX#H) EFMBMRAS : 1.00
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color_normal.
TERATHFRERSENAOXRENTI=ENERE , EZEA"/" 7R, BTiRELTERRTILEHE ,
B FARIENE : &M color_normal
The default is the value of 'color_highlight' (*note color_highlight).
EMEIAER "color_highlight”f1&E,

13.1.15 menu_color_normal
13.1.15 menu_color_normal

This variable contains the foreground and background colors to be used for non-highlighted menu
entries, separated by a slash ('/'). Setting this variable changes those colors. For the available color
names *note color_normal.

%&ﬁﬁ?%u%ﬂi%&zﬁxﬂﬁ)\ﬂxﬁﬁ’ﬁﬁ BMERE , BZEA") "7k, BdigELETE R AT ALLE
@ , AR : 201 color_normal,
The default is the value of 'color_normal' (*note color_normal).

EMEAER color_normal”f1&E,

13.1.16 net_pxe_boot_File
13.1.16 net_pxe_boot_File

*Note Network.
*F W 4&-Network,

13.1.17 net_pxe_dhcp_server_name
13.1.17 net_pxe_dhcp_server_name

*Note Network.
*F W 4&-Network,

13.1.18 net_pxe_domain
13.1.18 net_pxe_domain

*Note Network.
*F W 4&-Network,

13.1.19 net_pxe_extensionspath
13.1.19 net_pxe_extensionspath

*Note Network.
*F M 2&-Network,

13.1.20 net_pxe_hostname
13.1.20 net_pxe_hostname

*Note Network.
*F M 2&-Network,

13.1.21 net_pxe_ip
13.1.21 net_pxe_ip

*Note Network.
*F M 2&-Network,

(GRUB EAXM)Y #NHFHBERAS : 1.00
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13.1.22 net_pxe_mac
13.1.22 net_pxe_mac
*Note Network.

*E M&-Network,

13.1.23 net_pxe_rootpath
13.1.23 net_pxe_rootpath

*Note Network.
*>F 4&-Network,

13.1.24 pager

13.1.24 pager

If set to '1', pause output after each screenful and wait for keyboard input. The default is not to pause
output.

MRWIRERN 1, IEBXFRFELESE  SFHEEEMNEA | MEANEFE L,

13.1.25 prefix

13.1.25 prefix

The location of the '/boot/grub’ directory as an absolute file name (*note File name syntax::). This is
normally set by GRUB at startup based on information provided by 'grub-install’. GRUB modules are
dynamically loaded from this directory, so it must be set correctly in order for many parts of GRUB to
work.

“/boot/grub”" X 4R B EER—MEWNHEHIRZ , ERERAT , EEBNETIRIE "grub-install” {2 {£#Y
=5 GRUBIZE., GRUB RIAEIRZE NS ML ERPINERY , FTAEMV K ISEIET , UE GRUB BIS
M RIIER T,

13.1.26 pxe_blksize
13.1.26 pxe_blksize
*Note Network.

*E M&-Network,

13.1.27 pxe_default_gateway
13.1.27 pxe_default_gateway

*Note Network.
*>F 4&-Network,

13.1.28 pxe_default_server
13.1.28 pxe_default_server

*Note Network.
*>F 4&-Network,

13.1.29 root
13.1.29 root

The root device name (*note Device syntax::). Any file names that do not specify an explicit device name
are read from this device. The default is normally set by GRUB at startup based on the value of 'prefix'
(*note prefix).

(GRUB EAAX#H) EFMBMRAS : 1.00
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R EBIR, IS BEHRWEE IRERBMIXXEGESS M NMEEHIEE, EIAMEEEH GRUB TE/E8IEY
B prefix"FMEFIRE ,

For example, if GRUB was installed to the first partition of the first hard disk, then 'prefix' might be set
to '(hd0,msdos1)/boot/grub' and 'root' to 'hd0,msdos1".

a0 , YN GRUB L RER —REEZHIE —RFKX , B4 "prefix” 2iZE R "(hd0,msdos1)/boot/grub” ,
“root” #i%E 5 “hd0,msdos1”,

13.1.30 superusers
13.1.30 superusers

This variable may be set to a list of superuser names to enable authentication support. *Note Security.

TERRENBRALNIIR , BRABRNH.

13.1.31 theme

13.1.31 theme

This variable may be set to a directory containing a GRUB graphical menu theme. *Note Theme Ffile
format.

BLEWIZRE NE S GRUB B2 L In 82 FHMAIN G K,

This variable is often set by 'GRUB_THEME' (*note Simple configuration).
LELZEEIT"GRUB_THEME"RIZE,

13.1.32 timeout

13.1.32 timeout

If this variable is set, it specifies the time in seconds to wait for keyboard input before booting the
default menu entry. A timeout of '0' means to boot the default entry immediately without displaying
the menu;a timeout of '-1' (or unset) means to wait indefinitely.

MRTESWIRE , ErJUAUMIANIEE —MitE , X EIFFEERA  BRERMAEBIANAOZRE
ﬁif\] MRWIZH 0, BEIREAERKE , MIEBMEIAANORBRH, NRHIZR-1, ERELIRINEGFRE
DA

This variable is often set by 'GRUB_TIMEOUT' or 'GRUB_HIDDEN_TIMEOQOUT' (*note Simple
configuration::).

LELZE BT "GRUB_TIMEOUT" 8 "GRUB_HIDDEN_TIMEOUT"RI& &,

13.2 The GRUB environment block
13.2 GRUB 115tk

It is often useful to be able to remember a small amount of information from one boot to the next. For
example, you might want to set the default menu entry based on what was selected the last time. GRUB
deliberately does not implement support for writing files in order to minimise the possibility of the boot
loader being responsible for file system corruption, so a GRUB configuration file cannot just create a file
in the ordinary way. However, GRUB provides an "environment block" which can be used to save a small
amount of state.

BEMLLRBENFICELERFRE  hAETNREY , IRIEEERA, U, FTeEREBIERIANOXRIZRER
ERFMERNFER, ARIMCENINEHE X GFRAIATITIHIRIEEME , GRUB BIENZI T RIS IRE |
EL‘X , GRUB FEE X HArT L@ ZBA AN EIEX ., AT , GRUB IRt —F#FARARFTL ERTH AR

(GRUB EAAX#) EFMBMRAS : 1.00
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The environment block is a preallocated 1024-byte Ffile, which normally lives in '/boot/grub/grubenv'
(although you should not assume this). At boot time, the 'load_env' command (*note load_env::) loads
environment variables from it, and the 'save_env' (*note save_env) command saves environment
variables to it. From a running system, the 'grub-editenv' utility can be used to edit the environment
block.

IMERE—MNMETIDE A 1024 NETHIXG |, @EAITF"/boot/grub/grubenv” ({ERAMZBRERIXME) .
BoEt |, “load_env'@G S MNEHRIMFEIMELE | “save env'm S B IMBETERGFEEFP, E—MBITENIE
YEz %% , TB"grub-editenv” o] LAFASR4R4EIFIEIR,

For safety reasons, this storage is only available when installed on a plain disk (no LVM or RAID), using a
non-checksumming filesystem (no ZFS), and using BIOS or EFI functions (no ATA, USB or IEEE1275).
FHTEZEMEZR , YLEELEFERZD (FELVMARAID) , NMEAKKIXEZRS (FEZFS) , £ BOIS
o} EFI K (3E ATA , USB #1IEEE1275) ,

'grub-mkconfig' uses this Facility to implement 'GRUB_SAVEDEFAULT' (*note Simple configuration).
“grub-mkconfig" @< {8 LR TNEERE"GRUB_SAVEDEFAULT 43,

(GRUB EAX#H) EFMBMRAS : 1.00
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14 The list of available commands
14 BN SHIYIFR

In this chapter, we list all commands that are available in GRUB.

FELEDP , F172HE GRUB BEFMEMBN® L.

Commands belong to different groups. A few can only be used in the global section of the configuration
file (or "menu"); most of them can be entered on the command-line and can be used either anywhere in
the menu or specifically in the menu entries.

wLAETZEEAEMNER, REMFEBNEERTEEXHNEBEE 7D (E"KE"87) ; ENTFRX
MO EEEMWIMA R G L1T H B sEBFEAIEERIFEXERE BENEFUE.

In rescue mode, only the 'insmod' (*note insmod), 'ls' (*note ls), 'set' (*note set), and 'unset' (*note
unset) commands are normally available. If you end up in rescue mode and do not know what to do,
then *note GRUB only offers a rescue shell.

£ $1BE = -rescue mode BB , 2F"insmod" , "ls" , "set" , F1"unset"HSHREIEEFI A, MRIFRLRNE
WIBENBEHBEAFEZMT 2 , W *EFE . GRUB XX HE—NEBUER shell,

14.1 The list of commands For the menu only
14.1 R AT menu-3E 8 G5 S9R

The semantics used in parsing the configuration file are the following:
T 5171 e & 4 HP ER{E R BVE M BVE A BRAT

* The files must be in plain-text format.

* W TR AN A&,

*'#' at the beginning of a line in a configuration file means it is only a comment.

"R E-ANMEREXGFEN—ITXANARMEEREX —ITXARNXENER,

* Options are separated by spaces.

* I 8] H =R E I FR.

* All numbers can be either decimal or hexadecimal. A hexadecimal number must be preceded by
'0x', and is case-insensitive.

* TR F eI A A T##GIsk 75 Hl, — DT RERIRG I 0X"FkL , FERARNEREK,
These commands can only be used in the menu:
XS RERATHRE
14.1.1 menuentry
14.1.1 menuentry
-- Command: menuentry TITLE ['--class=class'...] ['--users=users'] [--unrestricted'] ['--hotkey=key']
{ COMMAND; ...}
This defines a GRUB menu entry named TITLE. When this entry is selected from the menu, GRUB will set
the CHOSEN environment variable to TITLE, execute the list of commands given within braces, and if the
last command in the list returned successfully and a kernel was loaded it will execute the 'boot’
command.
XEEX— GRUB EEFZHIB A TITLE, HXNRBRFEMWIEPR , GRUB 1512 E CHOSEN INAYIFE
LENTITLETRE , ARNITRESALEHNG IR , BERIRPHERRFE I omSHITERFREIMINGENX
BE—IRZERIINEZE , ERSEmERNIT—1 "boot"iF%,
The '--class' option may be used any number of times to group menu entries into classes. Menu themes
may display different classes using different styles.
XY "-class" A LAERAEEHEMNHXEFZBAHEN —1ME, XEFHUERHAREEEARFXAE,
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The '--users' option grants specific users access to specific menu entries. *Note Security.

XY "--users" IR FHIEAFPZLOMSFENRED, “F : ¥2-Security,

The '--unrestricted' option grants all users access to specific menu entries. *Note Security.

X ERY "--unrestricted" IR FFAIBE A FIARSERKED, *F . ££-Security,

The '--hotkey' option associates a hotkey with a menu entry. KEY may be a single letter, or one of the
aliases 'backspace’, 'tab',or 'delete’'.

X B "--hotkey" IEI A —MABF — N EREARER, KEYBeIUA—TME—FEF , 5&
J73"backspace"# , "tab"##z¥ "delete"#HYH A,

14.1.2 submenu

14.1.2 submenu

-- Command: submenu TITLE ['--class=class'...] ['--users=users'] ['--unrestricted'] ['--hotkey=key'] { MENU
ENTRIES ... }

This defines a submenu. An entry called TITLE will be added to the menu; when that entry is selected, a
new menu will be displayed showing all the entries within this submenu.

EEEEX‘—/P?%EO —/NBATITLE EU%%&%E‘E%E’J&IDU\D%%}}Z%—‘\HDEUEﬁEL ; HiZEEWELE
— PN BRERHERERARTREHFRENFBEZERNE,

All options are the same as in the 'menuentry' command (*note menuentry).

FrBEINER S "menuentry" s SHVIETAEE] (*iE | SZEZFZE-menuentry),

14.2 The list of general commands
142 XBIREFMHS

Commands usable anywhere in the menu and in the command-line.

AT el AN FERIRESGHRSITE,

14.2.1 serial

14.2.1 serial

-- Command: serial ['--unit=unit'] [--port=port'] ['--speed=speed'] ['--word=word'] ['--parity=parity'] ['--
stop=stop']

Initialize a serial device. UNIT is a number in the range 0-3 specifying which serial port to use; default is
0, which corresponds to the port often called COM1. PORT is the I/O port where the UART is to be
found; if specified it takes precedence over UNIT. SPEED is the transmission speed; default is 9600.
WORD and STOP are the number of data bits and stop bits. Data bits must be in the range 5-8 and stop
bits must be 1 or 2. Default is 8 data bits and one stop bit. PARITY is one of 'no’, 'odd’, 'even' and
defaults to 'no'.

Vit — 1N EB1TiIRS. U—1EEM 0-3 MSBARMEEEMERNEDwO ; BIAMER 0, XN imHOE
E#WHM A COM1, "port" %R UARTGEA RS A 5V 1/0 im0 ; MREWMENXT , EMRELS
F"unit", "speed"JIBERIEHIRE ; HEAE N 9600, "word"F"stop" RREIBMKEFZIENKE,
BIBAIN ST E 5-8 WHRELIEMIw TR 183E 2, FKINMER 8 NMURAIFN 1 MZLEL, "parity" (FEK
I8)HAEHR"n0" , "odd" , "even"HH— MEFBEIAF"NO",

The serial port is not used as a communication channel unless the 'terminal_input' or 'terminal_output’
command is used (*note terminal_input, *note terminal_output).

B iR AR AN BIMEENEER , BRIE(RER T "terminal_input"=}"terminal_output"smSERBHAE.
(*5¥ terminal_input , *;¥ terminal_output),

See also *note Serial terminal.

HESH *E£ B O%%I%-Serial terminal,

14.2.2 terminal_input
14.2.2 terminal_input

(GRUB EAAX#H) EFMBMRAS : 1.00
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-- Command: terminal_input [--append'|'--remove'] [terminal1] [terminal2] ...

List or select an input terminal.

FACAZI Bl 22 — Mg A\ i,

With no arguments, list the active and available input terminals.

SSBESHN |, RIILHFIBEBERRYET AiEA LR,

With '--append’, add the named terminals to the list of active input terminals; any of these may be used
to provide input to GRUB.

S5 --append"S#E , RIEFAEEMENLZIRBAMAZI BRI ALRIRIIRE ; EXEEAEIHIVEL IR
#B iR {44 GRUB o] A4\ RiR,

With '--remove’, remove the named terminals from the active list.

S5 "-remove"SHE , R MNBERINRPMIFRTEERIL In,

With no options but a list of terminal names, make only the listed terminal names active.
HgEETEmA\ I LiRRAME , EXXSEIHIIREERNLIRR,

14.2.3 terminal_output
14.2.3 terminal_output

-- Command: terminal_output [--append'|'--remove'] [terminal1] [terminal2] ...

List or select an output terminal.

FA LA HH BRase 33 — /N4 HH R i

With no arguments, list the active and available output terminals.

HRBSHET |, 7 HBREVFN ] AR H 42 U,

With '--append’, add the named terminals to the list of active output terminals; all of these will receive
output from GRUB.

=i "--append"BY , IIAFTIEIEMZIRE BB ALIRIIRE ; FFEIIHVEET GRUB BigZHH,
With '--remove’, remove the named terminals from the active list.

S5 "-remove"Bf , 2 N BKIIZRPMFRIEE (L ERIL I,

With no options but a list of terminal names, make only the listed terminal names active.

S BIERTEANBMA— N RIRBFH , EXSEIHWLIRER.

14.2.4 terminfo

14.2.4 terminfo

-- Command: terminfo [-a]-u|-v] [term]

Define the capabilities of your terminal by giving the name of an entry in the terminfo database, which
should correspond roughly to a 'TERM' environment variable in Unix.

WBITLE H— terminfo BIBEERIFR BB , RE X LRimBHVINEE , ENBMMAZAEI N TF—1ME
Unix BRY"TERM"IMET &,

4hZ51A

terminfo/termcap: —E{FIAE R E, ;L H & STER R InEFTERNESIS. EE LEBIIENE (F
curses/ncurses E\/E slang) A] AR R EIHVIRIE (AR imtk) RIENERIZHIF B, MAEARIRIE TRISHEE
IR R (BENNFR, R ...)

The currently available terminal types are 'vt100', 'vt100-color','ieee1275', and 'dumb’. If you need other
terminal types, please contact us to discuss the best way to include support for these in GRUB.

LFTe] AL IHZERIZ"vE100" |, "vE100-color" , "ieee1275" , FN"dumb", WNRRFEEHMRIHZER | i
S5FANIRRFA T W& IFHE GRUB EXZH5E.,

The '-a' (*--ascii'), "-u' ('--utf8'), and "-v' ('--visual-utf8') options control how non-ASCII text is displayed. '-a'
specifies an ASCll-only terminal; '-u' specifies logically-ordered UTF-8; and '-v' specifies "visually-ordered
UTF-8" (in other words, arranged such that a terminal emulator without bidirectional text support will
display right-to-left text in the proper order; this is not really proper UTF-8, but a workaround).
XER"-a"("-ascii") , "-u"("--utf8") , F"-v"("--visual-utf8") EINZ = A & B 7R I ASCIl FFRIBAINX
AR, "-a"FETE LR R{EMA ASCI F/HFREE ; "-u"EEZEBFIUTF-8 ; fl"-Vv'IEE "W BRI UTF-8"(%E
Z , THE— " EHFEENEAX AT FHNLIRRUBESUERIAFERNBIERERIANNE , RAX
AREIEMENZFFUTF-8 , BRAKA—IMERAR, )
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If no option or terminal type is specified, the current terminal type is printed.
MR EBIREET L IHEE |, N S FIRIL IR,

14.3 The list of command-line and menu entry commands
143 FRHGLITHREFZBENGS

These commands are usable in the command-line and in menu entries. If you forget a command, you can
run the command 'help' (*note help).
XENGSITATRSITSESREZEHE, IRFESIET —1a< , RINEITH< "help's

14.3.1 acpi
14.3.1 acpi
-- Command: acpi ['-1'['-2']

['--exclude=table1,..."|'--load-only=table1,..."]

['--oemid=id'] ['--oemtable=table'] ['--oemtablerev=rev']

['--oemtablecreator=creator'] [--oemtablecreatorrev=rev']

['--no-ebda'] filename ...
Modern BIOS systems normally implement the Advanced Configuration and Power Interface (ACPI), and
define various tables that describe the interface between an ACPI-compliant operating system and the
firmware. In some cases, the tables provided by default only work well with certain operating systems,
and it may be necessary to replace some of them.
LAY BIOS R4 B E B S RECE (Advanced Configuration) 18 & % [ (Power Interface-ACPI)FITNBEE
I, FEAENX T EMEHNREEAIBLEFES ACPI IR EFRLEEEGEZEIMED, EHEFERT , XL
RIBEENRINERELFTREEESEMNRER S, MEETEVEFENERN—LEINME,
Normally, this command will replace the Root System Description Pointer (RSDP) in the Extended BIOS
Data Area to point to the new tables. If the --no-ebda' option is used, the new tables will be known only
to GRUB, but may be used by GRUB's EFl emulation.
BEEH , XN IEERRE BIOS M RAIEX IS BRI AR 411815 £ (RSDP)1E M@ FiFRi&, WR"--no-ebda"EIN
Zg’ﬁgﬁ?t XN RIS RER T GRUB |, {EE#E# GRUB B9 EFI A EEF,

51F :
R AR %8354 - Root System Description Pointer (RSDP) :
RE ACPI IR B NINTE A G Kt == 8] ( system's low address space ) {2f—/ RSDP, iXFh¢EtgantE—
BT RIR it RSDT # XSDT B94I2 it

14.3.2 badram

14.3.2 badram

-- Command: badram addr,mask[,addr,mask...]

Filter out bad RAM.

TR RAM (BB FENFfER3).

This command notifies the memory manager that specified regions of RAM ought to be filtered out
(usually, because they're damaged). This remains in effect after a payload kernel has been loaded by
GRUB, as long as the loaded kernel obtains its memory map from GRUB. Kernels that support this
include Linux, GNU Mach, the kernel of FreeBSD and Multiboot kernels in general.

NGRS BHAFEIESRBTEE XN RAM N T REEE |, BAE(1RIT), EENAZHE
GRUBM#FHZ/E , R FTHIRAM B ER , REMWMNELAIZEEIN GRUB FEEIXENAFIRS, BEBRAT , XH
XHERZE S Linux , GNU Mach , EF FreeBSD HIA#% 5 ET Multiboot BIA#Z,

Syntax is the same as provided by the Memtest86+ utility (http://www.memtest.org/): a list of
address/mask pairs. Given a page-aligned address and a base address / mask pair, if all the bits of the
page-aligned address that are enabled by the mask match with the base address, it means this page is to
be filtered. This syntax makes it easy to represent patterns that are often result of memory damage,due
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to physical distribution of memory cells.

18i%5 Memtest86+ T EFTiRHA9MEE] (http://www.memtest.org/) : —/Midik/HEREIFHYFIR, AH—

-3 FFRYt U F] — N E AR /HERD XY ?ZD%%&Tﬁﬁ%@ﬁ%)ﬁE’Jﬁ@-ﬁﬁiﬂ!ﬁtﬂ’ﬂﬁﬁﬁﬂ’ﬂtt'«*—:ﬁﬁ IEEBJ:ﬁZIS
sk , ERXTIEHTIE T . Lﬂﬂmffﬁlé%?ﬁ ERIMHALBETERIMIRNFIRE |, XFETFIES
mEMBI AR IT,

14.3.3 blocklist

14.3.3 blocklist

-- Command: blocklist file

Print a block list (*note Block list syntax) for FILE.

FTENH FILE BHEEIIRFIZR(GE : $RIFRKATIEE-Block list syntax),

14.3.4 boot

14.3.4 boot

-- Command: boot

Boot the OS or chain-loader which has been loaded. Only necessary if running the fully interactive
command-line (it is implicit at the end of a menu entry).

SISELHHABMRERAREN-NHR, REXRLETEREANGIITEREA T EARVEN(ERR
It HIE R B FENRESS D).

14.3.5 cat

14.3.5 cat

-- Command: cat ['--dos'] file

Display the contents of the File FILE. This command may be useful to remind you of your OS's root

partition:
ERFILE BHFAENXHENAR. E1arS Pl B RtIREERIRFI N R AR DX
grub> cat /etc/fstab

If the '--dos' option is used, then carriage return / new line pairs will be displayed as a simple new line.
Otherwise, the carriage return will be displayed as a control character ('<d>') to make it easier to see
when boot problems are caused by a file formatted using DOS-style line endings.
WMR"--dos"ETHE A £ , BALEARITAHESE RN ARITH. BN, BEFEHRERAD—NMEHIFER
("<d>' )LH%fEé%&hé%l—Eﬁﬁ&%lh N INER T DOS-KIEHE LR

14.3.6 chainloader

14.3.6 chainloader

-- Command: chainloader ['--force'] file

Load FILE as a chain-loader. Like any other File loaded by the Filesystem code, it can use the blocklist
notation (*note Block list syntax) to grab the first sector of the current partition with '+1". If you specify
the option '--force', then load FILE forcibly, whether it has a correct signature or not. This is required
when you want to load a defective boot loader, such as SCO UnixWare 7.1.

DOEY FILE FRIgRYSX M FoE0-I0EEE. PRI R ARBINE—1F , EGERERARIIRIFCGE !
RIFRIBR) FZRNE N XIE—PBEXFAE"+1", ZZD%{ g TﬁIJﬁ"--Force“ B2 45 sm bl 0, FILE
FrERIN Y | TICHERBBIEHNESR, J_zE',Z\'D‘TB’JélT EENE— Aﬁﬁ%ﬁaﬂ’]%l—erﬁz)\ SHOBE |, 5140
SCO UnixWare 7.1

14.3.7 cmp
14.3.7 cmp

-- Command: cmp File1 file2
Compare the file FILE1 with the file FILE2. If they differ in size, print the sizes like this:

(GRUB EAXM)Y #NHFWBERAS : 1.00
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BA FILE1 I RS ELLER FILE2 FIXHAST, MR EIMEREEIKR/N(FIBT 70 ASCHRBLEER , FTCACAEREYZY
YERNITEE) , MFTENHEANTAR/NEIE :
Differ in size: 0x1234 [foo], 0x4321 [bar]
If the sizes are equal but the bytes at an offset differ, then print the bytes like this:
MRENRNERE , BEREENMRRELNFTAR , BAITENLIBLFT :
Differ at the offset 777: Oxbe [foo], Oxef [bar]
If they are completely identical, nothing will be printed.

MRENTE—#F , NWEBEFTLASWITEILRK,

14.3.8 configfile

14.3.8 configfile

-- Command: configfile File

Load FILE as a configuration file. If FILE defines any menu entries, then show a menu containing them
immediately.

D%k FILE FRIEEERVECEX 4. MR FILEEX A—NEEIN , M ERH — MR BEEZHAXNHEEDL,

14.3.9 cpuid

14.3.9 cpuid

-- Command: cpuid [-(]

Check for CPU features. This command is only available on x86 systems.

& & CPU BY4FMHE, PSS {NINERT x86 AR L.

With the '-l' option, return true if the CPU supports long mode (64-bit).

AMERMMAN"-1"EIN , R CPU ZHFKART (64-bit) N =IR[E] true,

If invoked without options, this command currently behaves as if it had been invoked with '-l'. This may
change in the future.

MRSHEIFAETIRE | LS —MRIA DB E—ETIARE"", XJETIEREINE,

14.3.10 crc

14.3.10 crc

-- Command: crc file

Display the CRC32 checksum of FILE.

£ 7R FILE Frig E B 4RY CRC32 %5870,

14.3.11 date

14.3.11 date

-- Command: date [[year-]month-day] [hour:minute[:second]]

With no arguments, print the current date and time.

F&BEE , FTENH SHe1H A ShY(E),

Otherwise, take the current date and time, change any elements specified as arguments, and set the

result as the new date and time. For example, 'date 01-01' will set the current month and day to January

1, but leave the year, hour, minute, and second unchanged.

4N, SREHRIBEAFIN 8] , FTUAIEE S AT FIREER — N RIE , FRIEXNERIEE NN

i?g*ﬂﬂzﬂglﬂo 4N , "date 01-01" G B MAIHEAMERIREAR 1B 1H , BRTHE , B, 2%, F0F00
oY 32,

14.3.12 drivemap
14.3.12 drivemap

-- Command: drivemap "-l'|'-r'|['-s'] from_drive to_drive
Without options, map the drive FROM_DRIVE to the drive TO_DRIVE.This is necessary when you chain-
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load some operating systems, such as DOS, if such an OS resides at a non-first drive. For convenience,

any partition suffix on the drive is ignored, so you can safely use ${root} as a drive specification.

JEIEIN , {8 FROM_DRIVE FriEAYIREN1& & #RE4Z) TO_DRIVE FRiBMIIRENMIE, L{R{EAREN-INE e

HIBLEIRIE R AR RIS BN | 15']9[! DOS X BB XFE—1 0S ELREIEFE —{IE (non-first)

e’zg[ng Be. M T AEENR , IRENEE 2 BG5S AL 1 AR , ALt A geR 2 H{ER S{root} ZEX —
SIS Ao

With the '-s' optlon perform the reverse mapping as well, swapping the two drives.

SERA"-s"EM , EMITREMRET , ZRBXFE N IRE)EE,

With the' l' optlon list the current mappings.

S{EA"-ED , 2IH S F1RIERET,
With the '-r' option, reset all mappings to the default values.
SER"-rtm , EEMEMETEIENARE,
For example:
=+ :
drivemap -s (hd0) (hd1)

14.3.13 echo
14.3.13 echo

-- Command: echo ['-n'] ['-e'] string ...
Display the requested text and, unless the '-n' option is used, a trailing new line. If there is more than
one string, they are separated by spaces in the output. As usual in GRUB commands,variables may be
substituted using '${var}'.
SERHBERNXAE , HH , RIE-n"EH#HA L , A2BXBEENRTT. IRE24MFHE , eflEad
B BAZS 1‘ FFED PR, IE!IIFct By GRUB wme, EE_IU\E%'S{V&F}"VFEWC
The '-e' option enables interpretation of backslash escapes. The following sequences are recognised:
sc/\\\" e"IRMAHABRFHIEXFRIEREINGE, T ERFIHIEFR :

backslash

FIENE BN R FBHLFET

I\al
alert (BEL)
EHESS

I\cl
suppress trailing new line

KIZIRITF
I\fl

form feed

MITIRIIZNME
I\nl

new line
MITIRITENE
I\rl
carriage return
MITEIES
I\tl
horizontal tab
WATIKEHIRFFNIE
(GRUB EAXH) EHEMBRAS : 1.00
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I\Vl
vertical tab

PITEEBIRMNME

When interpreting backslash escapes, backslash followed by any other character will print that
character.

S0 R BHTAE XAF R |, RIRR B REREFFAFERRE R AT AFRIR I TEN L K,

14.3.14 export

14.3.14 export

-- Command: export envvar

Export the environment variable ENVVAR. Exported variables are visible to subsidiary configuration
files loaded using 'configfile'.

SHIMZEE ENVVAR, SHIEER]IL TR T "configfile" s L MR BEC & X 14,

14.3.15 false

14.3.15 False

-- Command: false

Do nothing, unsuccessfully. This is mainly useful in control constructs such as 'if* and 'while' (*note Shell-
like scripting).

ANEEFISE | IREFE0MEMER, XEEFERTERSEMWIET LELAN"iF'F0"while"(iE : Shell-like
scripting),

14.3.16 gettext

14.3.16 gettext

-- Command: gettext string

Translate STRING into the current language.

¥ STRING FTEMIF R SRR SRIES.

The current language code is stored in the 'lang' variable in GRUB's environment (*note lang).
Translation files in MO format are read from 'locale_dir' (*note locale_dir), usually '/boot/grub/locale’.

AN YFHES R EME7ZT GRUB's IMEER"lang"BE(E : lang), F'"locale_dir"FiHgEHIAI B HisEY
MO7f VLR EIZ ST GE ¢ locale_dir) , & A" /boot/grub/locale”,

14.3.17 gptsync

14.3.17 gptsync

-- Command: gptsync device [partition[+/-[type]]] ...

Disks using the GUID Partition Table (GPT) also have a legacy Master Boot Record (MBR) partition table
for compatibility with the BIOS and with older operating systems. The legacy MBR can only represent a
limited subset of GPT partition entries.

MR GUID 7 E?@(GPT)@Tl«Xi}—:ﬁ%%E’JEQI B3R (MBR) 77 X FRE LEFT BASRE BIOS Fl—LELLERERY
BIERG, XELARIMBREEBEBERRIN—I1 GPT R XEFEHN—1MERTFE

This command populates the legacy MBR W|th the specified PARTITION entrles on DEVICE. Up to three
partitions may be used.

X< LATEE DEVICE IRENi% & /Y PARTITION 77 X ZBIEERIBZRM AELN MBR, ZFJEZR =/
X,

TYPE is an MBR partition type code; prefix with '0x' if you want to enter this in hexadecimal. The
separator between PARTITION and TYPE may be '+' to make the partition active, or '-' to make it inactive;
only one partition may be active. If both the separator and type are omitted, then the partition will be
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inactive.

TYPE J3— MBR 2 XAYZEECHD ; tNRFEZMAT/HEBIEMELL"0x" AF L, T2 BE PARTITION 5
TYPE 2|‘EﬂH@"+"%fﬁ%ﬁﬁl@ai§&iﬂk,§ ) ﬁj‘-"%f&%%ﬁﬁgﬂlii%&iﬂﬁﬁ ;s HEEIRE — MO X AEEIRES,
RN PEFF type A HEE R EIRIE , BAX MR XIBEADIEREIRE.

14.3.18 halt

14.3.18 halt

-- Command: halt '--no-apm’

The command halts the computer. If the '--no-apm' option is specified, no APM BIOS call is performed.
Otherwise, the computer is shut down using APM.

XN AENITTENL., AR"--no-apm"EIKIRE L , M&HE APM BIOS HiIARAMIT. H9 , itBVI2E
FA APM SRSCIR K A6,

14.3.19 help

14.3.19 help

-- Command: help [pattern ...]

Display helpful information about builtin commands. If you do not specify PATTERN, this command
shows short descriptions of all available commands.

EREXNEGSHEBIMER., NRIFEEIEE PATTERN , INGSEREAGSHEEER.

If you specify any PATTERNS, it displays longer information about each of the commands whose names
begin with those PATTERNS.

WNRIRIETE T PATTERNS , EE/RHTHHE PATTERNS FiFHBIBRF AAKLBIFAIESF S,

14.3.20 initrd

14.3.20 initrd

-- Command: initrd file

Load an initial ramdisk for a Linux kernel image, and set the appropriate parameters in the Linux setup

area in memory. This may only be used after the 'linux' command (*note linux::) has been run. See also
*note GNU/Linux.

iE— Linux ARBRBENH N VIBEAFENE , AEALTAREFXIFHERN Linux EXEFEFIZREEY
S, XENTREE"linux"GSHERZITZEA BN,

14.3.21 initrd16

14.3.21 initrd16

-- Command: initrd16 file

Load an initial ramdisk for a Linux kernel image to be booted in 16-bit mode, and set the appropriate
parameters in the Linux setup area in memory. This may only be used after the 'linux16' command
(*note linux16) has been run. See also *note GNU/Linux.

iE— Linux AZIRREA 16bit BIIRAEME —MIGBHERFEME , HE AL TAFXIFHER Linux
TREFFIREEINEN, XLEVWIRET linux16"GSRERZITZEA B, (F : linuxie HEXE:
GNU/Linux)

This command is only available on x86 systems.

XL REBEWT x86 R4,

14.3.22 insmod
14.3.22 insmod

-- Command: insmod module
Insert the dynamic GRUB module called MODULE.
BMA— 1B A"MODULE"RIZNZA GRUB 1&1R,
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14.3.23 keystatus

14.3.23 keystatus

-- Command: keystatus ['--shift'] ['--ctrl'] ['--alt']

Return true if the Shift, Control, or Alt modifier keys are held down, as requested by options. This is
useful in scripting, to allow some user control over behaviour without having to wait for a keypress.
9N Shift, Control, X Alt {E{FEEH —EIR TN KIREIER true , BT G L HNEIIAFHITARREIIIEK,
XL UTERENTHA , fiF— LA ENEFFRERERESITA,

Checking key modifier status is only supported on some platforms. If invoked without any options, the
'keystatus' command returns true if and only if checking key modifier status is supported.
CEEZIRRIVASSENNERLEY S L1, NRIBAMEEMNEMED , 5 BXIHiEREEEINRIR
SHINEERT , iXM"keystatus" ((BEIRD)H SRR true,

14.3.24 linux

14.3.24 linux

-- Command: linux file ...

Load a Linux kernel image from FILE. The rest of the line is passed verbatim as the "kernel command-
line". Any initrd must be reloaded after using this command (*note initrd).

M FILE FrE E RV E X MEFNIEER Linux BIZERER. EROINFEE—FAEMERN"WZGSIT'H
e, FRATENGSZE , EFER initrd BB INE T RE A BEHRER,

On x86 systems, the kernel will be booted using the 32-bit boot protocol. Note that this means that the
'vga='boot option will not work; if you want to set a special video mode, you will need to use GRUB
commands such as 'set gfxpayload=1024x768' or 'set gfxpayload=keep' (to keep the same mode as used
in GRUB) instead. GRUB can automatically detect some uses of 'vga="and translate them to appropriate
settings of 'gfxpayload'. The 'linux16' command (*note linux16) avoids this restriction.

£ x86 AL , WIZIFEA 32bit 5| EHiNEBEN, EFBXREWE"vga="5|SEIFEAREELE ; NRIK
FEEFIRE—NMIEIIIELR |, RIBEEEER GRUB i< fltl"set gfxpayload=1024x768"5%"set
gfxpayload=keep"(ZFRFF— LRV BEM N FIZE) GRUB 2)REXX, GRUB BEEahiti& M H "vga="HIEE11iE
RIS LAY gfxpayload"iR B, X"linux16"E# % TIXAMEEEIGE : linux16),

14.3.25 linux16

14.3.25 linux16

-- Command: linux16 file ...

Load a Linux kernel image from FILE in 16-bit mode. The rest of the line is passed verbatim as the
"kernel command-line". Any initrd must be reloaded after using this command (*note initrd16).

A 16bit BIFEIUM FILE FR3BERIMIE EME — 1 Linux AZRR, RRMXFEE—FAEMER"AZS
SIT"ESHS, HERT linux16 < ZE1ERIRY initrd EB3 w4 EFTI0E A BE#EFR (E : initrd16),

The kernel will be booted using the traditional 16-bit boot protocol. As well as bypassing problems with
'vga='described in *note linux, this permits booting some other programs that implement the Linux
boot protocol for the sake of convenience.

RNAZIFERESRE 16bit 53| RHINERR. URBIFLIT "voga="WNIZS TR B (4T FF : linux) ,
AT HERILMATFR—EHEMAFZRESLI Linux B95| S

This command is only available on x86 systems.

XS REEBEWT x86 ZRMBIR AR,

14.3.26 list_env
14.3.26 list_env

-- Command: list_env ['-f' file]
List all variables in the environment block file. *Note Environment block.

HIHFTBRIMER R HFNTER, £ | IMEXIR,
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The '-f' option overrides the default location of the environment block.
X"-fENETE S ESIMEXRIIEIAIE,

14.3.27 load_env

14.3.27 load_env

-- Command: load_env ['-F' File]

Load all variables from the environment block file into the environment. *Note Environment block.
MEMBFEXRAFNTEREITIMEE, T : FRXIR,

The '-f' option overrides the default location of the environment block.

X"-fRETHE S ESIMEXRIEIAUE,

14.3.28 loopback
14.3.28 loopback
-- Command: loopback [-d'] device file
Make the device named DEVICE correspond to the contents of the filesystem image in FILE. For
example:
MER A DEVICE , FENBREBHTXEHR AR FILE 1Vi&&, 6140 :
loopback loop0 /path/to/image
ls (loop0)/
With the '-d' option, delete a device previously created using this command.

EA"-d" &M , 2Rz aERTLGESFEIZEHMRE,

14.3.29 (s
14.3.29 (s
-- Command: s [arg ...]
List devices or files.
HI iR & & X
With no arguments, print all devices known to GRUB.
AHESEET , FTENHFTE GRUB EANAVIR &,
If the argument is a device name enclosed in parentheses (*note Device syntax), then list all files at the
root directory of that device.
MRESBA—NFRSVERBF(E  IRFNER) , AN REZIZSEE R THREXH.
If the argument is a directory given as an absolute file name (*note File name syntax), then list the
contents of that directory.
MBS AEHEN BRI —1TBER , BLANKVEHZBERENRNE,

14.3.30 normal

14.3.30 normal

-- Command: normal [File]

Enter normal mode and display the GRUB menu.

HAEERIAHE /R GRUB K&,

In normal mode, commands, filesystem modules, and cryptography modules are automatically loaded,
and the full GRUB script parser is available. Other modules may be explicitly loaded using 'insmod'
(*note insmod).

FEIEERNE , FIBMN&GS |, FIBNXEHRARIER , MNZERASHBNE , HEFTB/ GRUB RIAfE
thesfl2r A E’Jo Hithigire] Ll_u__tiﬂ!ﬁﬁﬁ"msmod"EE%%?JDﬁﬁFﬁ(iI : insmod),

If a FILE is given, then commands will be read from that file. Otherwise, they will be read from
'$preﬂx/grub cfg' if it exists.

MR FILESRAWE , BBAGSBFIZRIIXXGE, BN, EIHNESEIRE"Sprefix/grub.cfg"S 4 |, 4l

(GRUB EAXM)Y #NHFWBERAS : 1.00
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EFER,
'normal' may be called from within normal mode, creating a nested environment. It is more usual to use
conﬂgﬂle (*note configfile) for this.
"normal"Hm LRI UEEBRN FTRIFAMIT , SIB— MREMNIFE, EXMEL MBI GSE
H"configfile"EHNEE,

14.3.31 normal_exit

14.3.31 normal_exit

-- Command: normal_exit

Exit normal mode (*note normal). If this instance of normal mode was not nested within another one,
then return to rescue mode.

i_EEHjIE“%WEEWI : normal), WMREXNMEEBRANSLAARZREES —NMEFRIE |, AR RORHIEE
T\,

14.3.32 parttool
14.3.32 parttool
-- Command: parttool partition commands
Make various modifications to partition table entries.
W XRMEHITIMHIEN,
Each COMMAND is either a boolean option, in which case it must be followed with '+' or '-' (with no
intervening space) to enable or disable that option, or else it takes a value in the form
'COMMAND=VALUE'.
E /.81 COMMAND #Z2 — M h/REAED , FAXMIER FEVILENF"+"sE "-"Z LI AR ML B RE
ELH(AEFEEH) , EAESMN"COMMAND=VALUE"EEXH—"ME,
Currently, 'parttool' is only useful on DOS partition tables (also known as Master Boot Record, or MBR).
On these partition tables, the Followmg commands are available:
Bal , "parttool" REEME—ERAT DOS N XX (WM HES| S8R , 5t MBR), AEXLENXRKE , LA TG
SEFA :
'boot' (boolean)
When enabled, this makes the selected partition be the active (bootable) partition on its disk, clearing
the active flag on all other partitions. This command is limited to _primary_ partitions.
"boot"(boolean)
'boot' (boolean)
QD%F‘}EH REFFMERNS XEREMEENEN(CISIEN)REX , FEEREEMAE S X BIEMNRC,
Imvﬁ@?f EL@%
type (value)
Change the type of an existing partition. The value must be a number in the range 0-0xFF (prefix with
'0x' to enter it in hexadecimal).
'‘type’ (value)
KEQB&%E’J X8, E{EWMNITE 0-OXFF SEEIAMMF(HENHFARIFEER) (FERT/HEEIEZM
"Ox"ﬁﬁ ;a)
'hidden' (boolean)
When enabled, this hides the selected partition by setting the "hidden" bit in its partition type code;
when disabled, unhides the selected partition by clearing this bit. This is useful only when booting DOS
or Windows and multiple primary FAT partitions exist in one disk. See also *note DOS/Windows.
"hidden"(boolean)
MBAHBUH , IBREREED XS XERERIZE hidden"i5E , UIEREEFEIZZEN DX, NRA
oY, @I ERRIX AN bit 1E_IL)\ﬂX ﬁﬂgm}ﬁiﬁ‘[ XNENTFIE—NMHEELFES/NFATXEHRSEE
ﬁj‘lzﬁﬁiiﬂ%):'ﬂ] DOS 3 Windows, HiBEEM , i¥ : DOS/Windows,
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14.3.33 password

14.3.33 password

-- Command: password user clear-password

Define a user named USER with password CLEAR-PASSWORD. *Note Security.

E X —NA % USER #i@1T CLEAR-PASSWORD RiZ B &S (LABBXX I A R), iE : security,

14.3.34 password_pbkdFf2
14.3.34 password_pbkdF2

-- Command: password_pbkdf2 user hashed-password

Define a user named USER with password hash HASHED-PASSWORD. Use 'grub-mkpasswd-pbkdf2'
(*note Invoking grub-mkpasswd-pbkdf2) to generate password hashes. *Note Security.

E X —AF P4 USER 338iT HASHED-PASSWORD K18 BIA A2, f$F"grub-mkpasswd-pbkdf2"Z&4%
B RS & 22 RE(E ; IBA grub-mkpasswd-pbkdf2), iE : security,

14.3.35 play

14.3.35 play

-- Command: play file | tempo [pitch1 duration1] [pitch2 duration2] ...

Plays a tune

B — T

If the argument is a file name (*note File name syntax), play the tune recorded in it. The file format is
first the tempo as an unsigned 32bit little-endian number, then pairs of unsigned 16bit little-endian
numbers for pitch and duration pairs.

MRS I — I XHERAGE : File name syntax) , MSEREEX A EICRIIHMF, XBEHOXEHERILESE -
tempo(fAF)SHMER LS 32bit /NmA IV (MER/NBIRFIGE)IEIE , AREXN T —XNELFSHY 16bit
N AN BIEER RS pitch(F1E)# duration(F i) #Y1E,

If the arguments are a series of numbers, play the inline tune.

MRSHER—RIINBF , MFBERRERE T

The tempo is the base for all note durations. 60 gives a 1-second base, 120 gives a half-second base, etc.
Pitches are Hz. Set pitch to 0 to produce a rest.

tempo(#HF)2FFE duration(ZFE)IVEE , 60 L[HLA 1 #REME |, 120 BHUUFF HEE |, ULEEE,
pitch BB A Hz(F ), 1%E pitch(FME)BVEN 0 N=FE.

14.3.36 pxe_unload

14.3.36 pxe_unload

-- Command: pxe_unload

Unload the PXE environment (*note Network).
ENE; PXE IME(E : Network),

This command is only available on PC BIOS systems.
XA RS REEBMT PCBIOS &4,

14.3.37 read

14.3.37 read

-- Command: read [var]

Read a line of input from the user. If an environment variable VAR is given, set that environment
variable to the line of input that was read, with no terminating newline.

IZ—ITREAFPIEA. R —NMIMEEE VAR HIR{E , NIIEBMMEETERHAIZE BATIZARIT,
NEERIIRIT,
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14.3.38 reboot
14.3.38 reboot

-- Command: reboot
Reboot the computer.

B ETENL,

14.3.39 save_env

14.3.39 save_env

-- Command: save_env ['-f' file] var ...

Save the named variables from the environment to the environment block File. *Note Environment
block.

REEENIMEZSZIMERER, F : TFMER-Environment block,

The '-f' option overrides the default location of the environment block.
X"-FIENSESIMERNEIAIE,

14.3.40 search

14.3.40 search

-- Command: search ['--file'|'--label'|'--fs-uuid'] ['--set' [var]] ['--no-floppy'] name

Search devices by Ffile ('-F', '--file"), filesystem label ('-l','--label'), or Filesystem UUID ('-u', --fs-uuid').
BT RIZIR B EIXEFR(-f" , "-file") , XEFRFZIFRE("-1" , "-label") , EBEXHEF R UUID("-
u", "-fs-uuid") R RZMIANZIZE.

If the '--set' option is used, the first device found is set as the value of environment variable VAR. The
default variable is 'root'.

MR "--set"ETHEA L , MAFE—NMEFREVIZIZXMERNBRITEBHIZ N VARIMEEZEEME, MEMR
IABY{E A" "root”,

The '--no-floppy' option prevents searching floppy devices, which can be slow.
XAN"--no-floppy"1iZMEFHIEFE RZRIKIZ S , AEFIERRIE.

The 'search.file', 'search.fs_label’, and 'search.fs_uuid' commands are aliases for 'search --file', 'search
--label’, and 'search --fs-uuid' respectively.

iXLE"search.file" , "search.fs_label" , #1"search.fs_uuid"&<$ & B9 512 "search -file" , "search
--label" , #0"search --fs-uuid"#Y 73,

14.3.41 sendkey

14.3.41 sendkey

-- Command: sendkey [--num'|'--caps'|'--scroll'|'--insert'|'--pause’|'--left-shift'|'--right-shift'|'--sysrq'|'--
numkey'|'--capskey'|'--scrollkey'|'--insertkey'|'--left-alt'|'--right-alt'|'--left-ctrl'|'--right-ctrl' 'on'|'off']... ['no-
led'] keystroke

Insert keystrokes into the keyboard buffer when booting. Sometimes an operating system or
chainloaded boot loader requires particular keys to be pressed: for example, one might need to press a
particular key to enter "safe mode", or when chainloading another boot loader one might send
keystrokes to it to navigate its menu.

SEMMERmAEENTREZIREZ X E, BEEZNH—MREAAXEZMEH —MBENMNEHSZ
ARER T —MIRIEREI : 90, — N rIREREER MITREAIIHEAN"T2R" , SEFIE2HN
MBS EMHEBRNEBESEELRE —NHREHFAENEMIEE,

You may provide up to 16 keystrokes (the length of the BIOS keyboard buffer). Keystroke names may be
upper-case or lower-case letters, digits, or taken from the following table:

{REx S ] AR 16 DR (XBURT BIOS FIRBEZHPX K/), TREMAIUEAREH/NENENFE ,
F , B TIIRMAIIHR/ :
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Name Key

escape Escape

exclam !

at @

numbersign #

dollar $

percent %

caret A

ampersand &

asterisk *

parenleft (

parenright )

minus -

underscore _

equal =

plus +

backspace Backspace

tab Tab

bracketleft [

braceleft {

bracketright ]

braceright }

enter Enter

control press and release Control

semicolon ;

colon :

quote '

doublequote "

backquote '

tilde ~

shift press and release left Shift

backslash \

bar |

comma )

less <

period .

greater >

slash /

question ?

rshift press and release right Shift

alt press and release Alt

space space bar

capslock Caps Lock

F1 F1

F2 F2

F3 F3

F4 F4

F5 F5

F6 F6

F7 F7

F8 F8

F9 F9

F10 F10
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F11 F11

F12 F12

num1 1 (numeric keypad)

num?2 2 (numeric keypad)

num3 3 (numeric keypad)

num4 4 (numeric keypad)

numb5 5 (numeric keypad)

nume 6 (numeric keypad)

num7 7 (numeric keypad)

nums8 8 (numeric keypad)

num9 9 (numeric keypad)

numoO 0 (numeric keypad)
numperiod . (numeric keypad)
numend End (numeric keypad)
numdown Down (numeric keypad)
numpgdown Page Down (numeric keypad)
numleft Left (numeric keypad)
numcenter 5 with Num Lock inactive (numeric keypad)
numright Right (numeric keypad)
numhome Home (numeric keypad)
numup Up (numeric keypad)
numpgup Page Up (numeric keypad)
numinsert Insert (numeric keypad)
numdelete Delete (numeric keypad)
numasterisk * (numeric keypad)
numminus - (numeric keypad)
numplus + (numeric keypad)
numslash / (numeric keypad)
numenter Enter (numeric keypad)
delete Delete

insert Insert

home Home

end End

pgdown Page Down

pgup Page Up

down Down

up Up

left Left

right Right

As well as keystrokes, the 'sendkey' command takes various options that affect the BIOS keyboard
status flags. These options take an 'on' or 'off' parameter, specifying that the corresponding status flag
be set or unset; omitting the option for a given status flag will leave that flag at its initial state at boot.
The '--num’, '--caps', --scroll’, and '--insert' options emulate setting the corresponding mode, while the '--
numkey', '--capskey', --scrollkey', and '--insertkey' options emulate pressing and holding the
corresponding key. The other status flag options are self-explanatory.

BRTHERBEX , "sendkey" < tEIT FREN S ML M EZMT BIOS B EBRSIRE, MXLEMIF—N
"on" & "off" ‘**SZ FUEE BN ERMRVRSIRE S HiIRE 5E RigE ; ,\ﬁﬁlﬁﬁ'ﬁé B2 IE IR AR
DINES NG R EEDIE S | ERNPRRASRIE, XEM"--num" , "-caps" , "--scroll" , F1"--insert"E I
=UBEMAXESLIANEL , mXER"--numkey" , "--capskey" , "--scrollkey" , #N"--insertkey" IR
R ENBRLENE N AV AV KR, B%Hfﬂ!ﬂﬂhuﬁiﬂﬁlﬁﬁﬁ%K%EEHE"JO

If the '--no-led' option is given, the status flag options will have no effect on keyboard LEDs.

MR "—no-led"EMWLETE |, BBLRSIFICIETIE A2 0ZI B EZRY LED 4T,
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If the 'sendkey' command is given multiple times, then only the last invocation has any effect.

MR "sendkey" I SHES ARER , MLREBERFBIBAMINR A HRITER,

Since 'sendkey' manipulates the BIOS keyboard buffer, it may cause hangs, reboots, or other
misbehaviour on some systems. If the operating system or boot loader that runs after GRUB uses its
own keyboard driver rather than the BIOS keyboard functions, then 'sendkey' will have no effect.

BT "sendkey"##4\ T BIOS M EZE FX , EFJEEaSHELAZMITEGFEN. V) , EFEH—LE
IMTHR. WNRIBLIRERZ TS| S INF ST GRUB BT ZEHEFERAENZENREERMALZ BIOS 1
SRR , B4 "senkey"FRETSHIM,

This command is only available on PC BIOS systems.

XN RBEWTF PCBIOS &4,

14.3.42 set

14.3.42 set

-- Command: set [envvar=value]

Set the environment variable ENVVAR to VALUE. If invoked with no arguments, print all environment
variables with their values.

ZE%ALUE REMZE ENVVARIMEZ 2, MREFARMATERISE , MASITEHABEMEEEURE]

14.3.43 true

14.3.43 true

-- Command: true

Do nothing, successfully. This is mainly useful in control constructs such as 'if' and 'while' (*note Shell-
like scripting).

T 28R, BT, XEZATFEGISMELLIN"iFF"while"(E : Shell-like scripting),

14.3.44 unset

14.3.44 unset

-- Command: unset envvar

Unset the environment variable ENVVAR.
2 ENVVAR IMBET E1Y1E,

14.3.45 uppermem

14.3.45 uppermem

This command is not yet implemented for GRUB 2, although it is planned.
XA TE GRUB2 BiRgE X , REEBEITIZA,

4hZ51A

uppermem BEBIEAEBRBEMNNFHSMUAEHTIFN , ATARWIEARNFIER,
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15.F 5 &
15.F 75 -Charset

KEEEEEEREL dhkdhkdhhdhhdhhdhkdhkdhkdikisk
15 Charset
15 FRFE

GRUB uses UTF-8 internally other than in rendering where some GRUB-specific appropriate
representation is used. All text files (including config) are assumed to be encoded in UTF-8.

GRUB fENER{ER UTF-8 Fi5& |, BRIt z4h , AR A {ERA GRUBKER. SEMRTRAE. FIBHIXAE
X4 ( BEECE N ) EBR A UTF-8 5 U 4mhg,
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16.X 4R 4
16.3 14 & i -Filesystems
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16 Filesystems

16 X R4

NTFS, JFS, UDF, HFS+, exFAT, long filenames in FAT, Joliet part of ISO9660 are treated as UTF-16 as per
specification.
NTFS,JFS,UDF,HFS+,exFAT,FAT(Z 35K 3 {48),1S09660 i Joliet 3 FRERIE UTF-16 H{ELRIENTE,

AFS and BFS are read as UTF-8, again according to specification. BEtrFS, cpio, tar,squash4, minix, minix2,
minix3, ROMFS, ReiserFS, XFS, ext2, ext3, ext4,FAT (short names), RockRidge part of ISO9660, nilfs2,
UFS1, UFS2 and ZFS are assumed to be UTF-8.

WRIBMSE , AFS #0 BFS #8235 UTF-8 4wiL,
BtrFS,cpio,tar,squash4,minix,minix2,minix3,ROMFS,ReiserFS,XFS,ext2,ext3,ext4, FAT(SZ 558 &
£),1509660 i RockRidge #~ &, nilfs2,UFS2 01 ZFS &R ZEX UTF-8 4migiN3E,

This might be false on systems configured with legacy charset but as long as the charset used is superset
of ASCII you should be able to access ASCllI-named files.

MRAZUERFHEERNLCE , U LMELFIEEREIRN., BR , REMFEANFAER ASCI BRI |
BB IRFABETZEY ASCII B3 a8 B B934,

And it's recommended to configure your system to use UTF-8 to access the filesystem, convmv may help
with migration. 1SO9660 (plain) filenames are specified as being ASCII or being described with
unspecified escape sequences. GRUB assumes that the ISO9660 names are UTF-8 (since any ASCll is
valid UTF-8).

FHE , REEINUTF-8 RIBANREEXHEFNR S , a5 convmy BEREBNSLILSEHR, 1S09660(plain) 3
TR ASC BRRSERARIEEEXFIHEIR, GRUBIAFISO9660 4miZRIBRFIET UTF-8 4w, (EAJK
E17] ASCIl mhBER 2 B MK UTF-8 Zwi5 )

There are some old CD-ROMs which use CP437 in non-compliant way. You're still able to access files
with names containing only ASCII characters on such filesystems though. You're also able to access any
file if the filesystem contains valid Joliet (UTF-16) or RockRidge (UTF-8). AFFS, SFS and HFS never use
unicode and GRUB assumes them to be in Latin1, Latin1 and MacRoman respectively.

IMENIAB —LE|HRY CD-ROMs RARM I EMER CP437 A 4w, REUWILL , EXHEMXXERZER |, DA
] ATFERARLE X2 R B2 ASCI BRI, MRXHRAEB ST Joliet(UTF-16)3%E RockRidge(UTF-
8) , FAR] LATFENE FRRY(E(ISC 4., AFFS,SFS #1 HFS NEF unicode F&F& , HH GRUB AR E 7 al{ER
Latin1,Latin1 0 MacRoman FE&F £,

GRUB handles filesystem case-insensitivity however no attempt is performed at case conversion of
international characters so e.g. a file named lowercase greek alpha is treated as different from the one
named as uppercase alpha. The filesystems in questions are NTFS (except POSIX namespace), HFS+
(configurable at mkfs time, default insensitive), SFS (configurable at mkfs time, default insensitive), JFS
(configurable at mkfs time, default sensitive), HFS, AFFS, FAT, exFAT and ZFS (configurable on per-
subvolume basis by property "casesensitivity", default sensitive). On ZFS subvolumes marked as case
insensitive files containing lowercase

international characters are inaccessible. Also like all supported filesystems except HFS+ and ZFS
(configurable on per-subvolume basis by property "normalization", default none) GRUB makes no
attempt at check of canonical equivalence so a file name u-diaresis is treated as distinct from
u+combining diaresis. This however means that in order to access file on HFS+ its name must be
specified in normalisation form D. On normalized ZFS subvolumes filenames out of normalisation are
inaccessible.
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GRUB & EBXHARAAAX D KN/NE |, BR , BRFRFFHRNEDIRANZEXHNRIE WNEHERFIHA
X HERBTFUREFRBFESRANG. EETEFMNSHXERSAE NTFS (BRT POSIXGEZIE) |,
HSF+ (EXHRAEIUNEIERE , AKX D KRNE ) |, SFS (EXHRAREINTREE , ZIARX 5K/
5) ,JFS (EXHURAEINFIRE , MIAXSK/NE ) , HFS , AFFS , FAT , exFAT 5 ZFS (B FXR/IN\E
BRI | PIEFEERUNEE |, AKX KRNE ) . REARNEREREL ZFS FEREES/NEMERR
FRMNEGRAEEFER, BRT HFS+F1 ZFS ( HFHRENRISY | AIEFEEUNEE |, KAL) , Hib
FIEHMZIHNXHEHRS , GRUB AEIXEEIEENM , BT , B8 u-diaresis FHNIXHFRBRX3ITFESE
u+combining diaresis F&FHY, BR , XEIKE , A THE HFS+HEFHRXE , ERNXEHBUIAFEITEER
D, TEAMELRY ZFS FERRIMENIIXEHRENEEFERY,

(GRUB EAX#H) EFMBMRAS : 1.00

Linux] [0 www.linuxidc.com



1746 HH & U
17.56 H & i -Output terminal
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17 Output terminal
17 %60 HH 22 U

Firmware output console "console" on ARC and IEEE1275 are limited to ASCII. BIOS firmware console
and VGA text are limited to ASCIl and some pseudographics. None of above mentioned is appropriate
for displaying international and any unsupported character is replaced with question mark except
pseudographics which we attempt to approximate with ASCII. EFI console on the other hand nominally
supports UTF-16 but actual language coverage depends on firmware and may be very limited. The
encoding used on serial can be chosen with 'terminfo' as either ASCII, UTF-8 or "visual UTF-8". Last one
is against the specification but results in correct rendering of right-to-left on some readers which don't
have own bidi implementation. When using gfxterm or gfFxmenu GRUB itself is responsible for rendering
the text. In this case GRUB is limited by loaded fonts. If fonts contain all required characters then
bidirectional text, cursive variants and combining marks other than enclosing, half (e.g. left half tilde or
combining overline) and double ones. Ligatures aren't supported though. This should cover European,
Middle Eastern (if you don't mind lack of lam-alif ligature in Arabic) and East Asian scripts. Notable
unsupported scripts are Brahmic fFamily and derived as well as Mongolian, Tifinagh, Korean Jamo
(precomposed characters have no problem) and tonal writing (2e5-2e9). GRUB also ignores deprecated
(as specified in Unicode) characters (e.g. tags).

GRUB also doesn't handle so called "annotation characters" If you can complete either of two lists or,
better, propose a patch to improve rendering, please contact developper team.

ARC #1 IEEE1275 RYE44i L =%l & " console”#Z PRI Jo R 8EfE A ASCIl, BIOS Bl 1= & F0 VGA text # R
&l afER ASCI A1 —LefhEl, LA ERBIBIERI—ANF |, 2B —MNES B REMRNFAIUER A ZIHNFER |
ENSWIESNE | BRT LR ASCI BB URIAE, »—7AHE , EFIEFIEBX EXFUTF16 , BR , B
X EMFHRBAANEBES CEMRBTEG , HEREBRN, SERHEOR , “terminfo”4miZET , &R
ASCIl , UTF-8 B¢ "visual UTF-8" =AM ER—4, JRia—NEiERMNTEHY , AMEILE S /2HE bidi L)
FHEIEER & £ SFIERER right-to-left JEZR 7. = GRUB {£H gfxterm 738k gfxmenu ARE , &
MRERXA, XMIERT , GRUB 2 EMETFNENFARES, MIRFEPEEMEFTEZENFF , BA
bidirectional text,cursive variants,combining marks other than enclosing,half(e.g.left half tilde or
combining overline)and double ones. AL , EARFAHERFE, XEMNBEE TEN. FER (NREANTE
FaIhI{RERZ lam-alif ligature ) . ZRIMPE AN, FERBIOAEZFHNHE HNEZ Brahmic KR EIRER
Mongolian,Tifinagh,Koream Jamo ( B &8 &F%F ) #l tonal writing(2e5-2e9), GRUB ZR&Z A ( 7E
Unicode AR435%1%EE ) BIFRAF (FIUNFREE ) . GRUB B ARRMIBFTIBRIFRICHT , SNR(RA] AR R two list FR{E
fil—4 , BB , RE— M TRHUABERER | BERRALRAR,

(GRUB EAAX#H) EFMBRAS : 1.00
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18 Input terminal
18 i A\ LK im

Firmware console on BIOS, IEEE1275 and ARC doesn't allow you to enter non-ASCII characters. EFI
specification allows for such but author is unaware of any actual implementations. Serial input is
currently limited for latin1 (unlikely to change). Own keyboard implementations (at_keyboard and
usb_keyboard) supports any key but work on one-char-per-keystroke. So no dead keys or advanced input
method. Also there is no keymap change hotkey. In practice it makes difficult to enter any text using
non-Latin alphabet. Moreover all current input consumers are limited to ASCII.

BIOS , IEEE1275 #1 ARC ERIEHLiIEA R 1FimAIE ASCII FE5+F, EFI HSEthEXHEN T , BE2EEN T

FEIEIESII— a0, BRiRiT@ ARSI H atin ( AAFIEERE ) . HEMNEBENSEID (AT B2
USB 22 ) ZiFEM# , FETER—RXER—IFH. FTLUSEEITRIERIMAHF R, FEHIFIHEE
N IRIERAV R PRET, SCFRE , EAIE Latin FEBRBAERAIXARE N, mMB , BaiFiBrHE AR
F ASCII 75,

(GRUB EAAXH) EFMBRAS : 1.00
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19 Gettext
19 FKEINFRE(XAIES)

GRUB supports being translated. For this you need to have language *.mo Ffiles in $prefix/locale, load
gettext module and set "lang" variable.

GRUB Z#FEMIES., A TERTE , (REEEXEHKSperfix/locale AE language*.mo X , fNE; gettext
FRIRFIIZEE"lang"TE,

(GRUB EAXM)Y #NHFHBERAS : 1.00
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20 Regexp
20 [EMFRATC

Regexps work on unicode characters, however no attempt at checking cannonical equivalence has been
made. Moreover the classes like [:alpha:] match only ASCII subset.

IEMFRIAT unicode FAFIMRE T TAE , AT , AFESHNRANBACTEMEREE, LI , Blalpha:[iX
HRFMEIZLE ASCH BRI FE,

(GRUB EAXH) EFMBRAS : 1.00
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21 Other
21 Hith

Currently GRUB always uses YEAR-MONTH-DAY HOUR:MINUTE:SECOND [WEEKDAY] 24-hour datetime
format but weekdays are translated. GRUB always uses the decimal number format with [0-9] as digits
and . as descimal separator and no group separator. IEEE1275 aliases are matched case-insensitively
except non-ASCll which is matched as binary. Similar behaviour is for matching OSBundleRequired.
Since IEEE1275 aliases and OSBundleRequired don't contain any non-ASClII it should never be a problem
in practice. Case-sensitive identifiers are matched as raw strings, no canonical equivalence check is
performed. Case-insenstive identifiers are matched as RAW but additionally [a-z] is equivalent to [A-Z].
GRUB-defined identifiers use only ASCIl and so should user-defined ones. Identifiers containing non-
ASCII may work but aren't supported. Only the ASCII space characters (space U+0020, tab U+000b, CR
U+000d and LF U+000a) are recognised. Other unicode space characters aren't a valid field separator.
"test’ tests <, >, <=, >=, -pgt and -plt compare the strings in the lexicographical order of unicode
codepoints, replicating the behaviour of test from coreutils. environment variables and commands are
listed in the same order.

IW7E , GRUB f&FH YEAR-MONTH-DAY HOUR : MINUTE : SECOND[WEEKDAY]. 24 /M\BF#&= , B2 , AL
fEE #3531 T, GRUBfEFR[0-9]10 NMT#FIEF , ""fER/NRIDIRET , FREEHHR. IEEE1275 718
MENARAX A AR/NE |, BRT ABLRRILE —#HIR9IE ASCI F5F, EKUNITAHELEE M
OSBundleRequired Bfth777E, HF IEEE1275 BB F1E M OSBundleRequired RELE{EfIIE ASCII F5F ,
ALEXLRPARE R, KNEHRNFICHFLERFNSE , FERHITISEENMMERE, KNSR
FIMRCRFBLERFFE |, FRiAA[a-z] 5[A-Z] 28R, GRUB E XRIFREFFRFER ASCIEE , AFENX
FIFRICFthRANLE, B&3E ASCIRBRIMREFHEEER , BERAEINER, XX ASCIBIZEHFF (space
U+0020,tab U+000b,CR U+000d #0 LF U+000a ) BE#%iR %I, Efth unicode ERFHAREIENXIH 7 IR
test a5 <0 _E<,>,<=,>=,-pgt F -plt IR , LA unicode B2 EFH AN FELLIRFERE , ©RYITHF GNU
TODTEEAF test inSHITH— 1, IMRTEM RS RIF L BEH OXFIGRES .

(GRUB EAAXH) EFMBRAS : 1.00
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22 Authentication and authorisation
22 B RIESEN

By default, the boot loader interface is accessible to anyone with physical access to the console: anyone
can select and edit any menu entry, and anyone can get direct access to a GRUB shell prompt. For most
systems, this is reasonable since anyone with direct physical access has a variety of other ways to gain
full access, and requiring authentication at the boot loader level would only serve to make it difficult to
recover broken systems.

FABRAT |, Boiin#EREON FABLATFI2IE L eI BA5 I L IRV AZRI LA, BRLE AR LLUEEFJRiE
ERAOXE , AHTUAEEH#HA— GRUBshell, WFRBHARS , XHHMHVIEHEZ , A TEF42IE LT
LiAE R A ABE SHEHFNEMGEHFARS , AEESNMEFBAKE ERBEKRSMIIERXNSESS
Z k8 WIAR R RN EINEE,

However, in some environments, such as kiosks, it may be appropriate to lock down the boot loader to
require authentication before performing certain operations.
AT, FE—EEIRIR A |, fBIUN kiosks , TEMERVIRIE 2R , BIE BININEZERERSHIIIERSIER,

The 'password' (*note password::) and '‘password_pbkdf2' (*note password_pbkdf2::) commands can be
used to define users, each of which has an associated password. 'password' sets the password in plain
text,requiring 'grub.cfg' to be secure; 'password_pbkdf2' sets the password hashed using the Password-
Based Key Derivation Function (RFC 2898),requiring the use of 'grub-mkpasswd-pbkdf2' (*note Invoking
grub-mkpasswd-pbkdf2::) to generate password hashes.

“password”#1"“password_pbkdf2"as S#ARENXAF , 8 MEIFRHE—MEXEXRIEERE, “password"m<
MABAX A A IRE RS , BEE "grub.cfg"3R{RiF%E% £, “password_pbkdf2"& <18 & —NA Password-
Based Key Derivation Function(RFC2898) & pk RIS , HEZEF "grub-mkpasswd-pbkdf2” k4 pl Z L EX
LR

In order to enable authentication support, the 'superusers' environment variable must be set to a list of
usernames, separated by any of spaces, commas, semicolons, pipes, or ampersands. Superusers are
permitted to use the GRUB command line, edit menu entries, and execute any menu entry. If
'superusers' is set, then use of the command line is automatically restricted to superusers.
ATERABMWIE , IMEEE superusers"WIRIRE N —THFPRBIIIIZR , ARBUEHE. 25, 75,
BELAHEZESHS, BAAFPHAITER GRUBGSIT, mEAOXRE , FHTBGERERAL, WR
IMEZ E" "superusers"#iRE T , s TITHEASHBERHI R A 1FBRAF,

Other users may be given access to specific menu entries by giving a list of usernames (as above) using
the '--users' option to the 'menuentry' command (*note menuentry::). If the '--unrestricted' option is
used for a menu entry, then that entry is unrestricted. If the '--users' option is not used for a menu
entry, then that only superusers are able to use it.

&% "'menuentry”fEA"-users"IETRB A RIIZR (WL ) REFAPNIFIAOZREINE, WRA
AOXKE{ER"-unrestricted" EMAFHBIKFEAAZRG, MNBAORRLGEREN -users"iZ& , ;AA
ORBEBEHAFeIER,

(GRUB EAAXH) EFMBMRAS : 1.00

Linux O www.linuxidc.com



Putting this together, a typical 'grub.cfg' fragment might look like this:
R EFTAR , —MNERRYAY"grub.cfg" F ER B SR AZ R -

set superusers="root"
password_pbkdf2 root grub.pbkdf2.sha512.10000.biglongstring
password user1 insecure

menuentry "May be run by any user" --unrestricted {
set root=(hd0,1)
linux /vmlinuz

}

menuentry "Superusers only" --users "" {
set root=(hd0,1)
linux /vmlinuz single

}

menuentry "May be run by user1 or a superuser" --users user1 {
set root=(hd0,2)
chainloader +1

}

The 'grub-mkconfig' program does not yet have built-in support for generating configuration files with
authentication. You can use '/etc/grub.d/40_custom' to add simple superuser authentication, by adding
'set superusers='and 'password' or 'password_pbkdf2' commands.
X/N"grub-mkeonfig"fZF it ;s BEREMEEMHB N ZIHF BN IMIEREE X4, {RelLAfE
F3"/etc/grub.d/40_custom" E B B iR IN— MNMER A IS M IEIE , thel BAEIT "set superusers="
"password" g% "password_pbkdf2" &< iR,

(GRUB EAX#H) EFMBMRAS : 1.00
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23 Platform limitations
23 L& PR

GRUB2 is designed to be portable and is actually ported across platforms. We try to keep all platforms
at the level. Unfortunately some platforms are better supported than others. This is detailed in current
and 2 following sections.

GRUB2 #igit Ak FI#1EHY , FEESX LrIUAEFEZERE, FITHEILFrBNTEEHEXINEIR L.
BR A FENE , —SBNFELZ R FERMBIIISRE., AT FMURIXLERS,

ARC platform is unable to change datetime (Firmware doesn't seem to provide a function for it). EMU
has similar limitation.

ARC & EEcN L HERRT (8] ( B AFANRHEZFE—1 R ) . EMU BREFRIFRF.

ARC platform no serial port is available. EMU has similar limitation.

ARCEGRETAMEITH , EMU BRIFHIFRS],

Console charset refers only to firmware-assisted console. gfxterm is always Unicode (see
Internationalisation section for its limitations). Serial is configurable to UTF-8 or ASClI (see
Internationalisation). In case of gemu and coreboot ports the refered console is vga_text. Loongson
always uses gfxterm.

WiEH & F RN S| AR TEIRLHE S HERIEHIS, gtxterm 22 Unicode ( EEEPRMEER 7 3
ERIRHIRVHER ) . BRITHRAPTRECE R UTF-8 4wi3skE ASCIl 4wiE (1IFHEBEPFRMEERD ) . AR
0 coreboot #1&E T # 5| ARVIZHIE , MR vga_text, Ziv/=2{ER gfxterm,

Most limited one is ASCII. CP437 provides additionally pseudographics. GRUB2 doesn't use any language
characters from CP437 as often CP437 is replaced by national encoding compatible only in
pseudographics. Unicode is the most versatile charset which supports many languages. However the
actual console may be much more limited depending on firmware

EZMRHINRE ASCIN L, CP437 Ei9MRH(HE, GRUB2 NMEREMFIRE CP437 MBS FRT , CP437 REH
ENE LREFNEMRFAEMENR, EXHSMESHE |, Unicode BRIBANFNE., A, FX L, &
Hl &I REE Z MU Z PR T E .

On BIOS network is supported only if the image is loaded through network. On sparc64 GRUB is unable
to determine which server it was booted from.

RN REGF BT ML INELET |, BIOS RIMLE A BEMR(ER, 7 sparc64 £ , GRUB RNEERTE MM ARS5 28
BohinE,

On platforms not having direct serial support (as indicated in the line serial) you can still redirect
firmware console to serial if it allows so.

ERLRBERNBTROSFEBOLBRF)NFE L , MRWAT , HalUEEREFEHS2IED,

Direct ATA/AHCI support allows to circumvent various firmware limitations but isn't needed for normal
operation except on baremetal ports.

E#&RHY ATA/AHC ZHi 8 R S M S EFMEFRS] , (BRASIF—IREVRE | IR TERVNIRD L,

AT keyboard support allows keyboard layout remapping and support for keys not available through
firmware. Itisn't needed for normal operation except baremetal ports.

ATRELHFEEMEEMRS , FEZFREETEHFRER BT, WTF—MRIEE , SIRAZ2WIE , BRT
FERNBmO L,

(GRUB EAAX#H) EFMBMRAS : 1.00
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USB support provides benefits similar to ATA (For USB disks) or AT (for USB keyboards). In addition it
allows USBserial.

USB IRHESEML ATA (h2#5 U 2 ) & AT (25 USB BE ) BIZF, HIh , th#F USB B4,

Chainloading refers to the ability to load another bootloader through the same protocol

HIVNEREEI EHFMNIIES — N B INE R IEE,

Hints allow Faster disk discovery by already knowing in advance which is the disk in question. On some
platforms hints are correct unless you move the disk between boots. On other platforms it's just an
educated guess. Note that hint failure results in just reduced performance, not a failure

MM E R ESEREINEEMNMMEH I o) , FTARERINEAMEE, T—EFE8 L, EE—MRZIER,
PRIEMGEREREBNIMERIRMEE, A7 —EF¥E8 L , XXNE—NERENEN, 8 , EROEIR
ISR BERV R BE , A RIIIKRIK,

BadRAM is the ability to mark some of the RAM as "bad". Note: due to protocol limitations mips-
loongson (with Linux protocol) and mips-gemu_mips can use only memory up to first hole.

BadRAM BEIE—LE RAM fER"“IA TRIER A "#ricHiK, EE , BHFIHINERESI , mips-loonson(fEEF Linux 1Y)
#0 mips-gemu_mips XX R EEE LB EINEFEE ZBEIE—/ hole A 1L,

BIOS Coreboot Multiboot Qemu a32-EFl amd64-EFl ia32-IEEE1275 Itanium Loongson sparc64 Powerpc ARC

video yes yes yes yes yes yes no no yes no yes no
console charset CP437 CP437 CP437 CP437 Unicode Unicode ASCII Unicode N/A ASCIl  ASCIl  ASCll
network yes (*) no no no yes yes yes yes no yes (*) yes no
ATA/AHCI yes yes yes yes yes yes yes no yes no no no
AT keyboard yes yes yes yes yes yes yes no yes no no no
usB yes yes yes yes yes yes yes no yes no no no
chainloader local yes yes no local local no local yes no no no
cpuid partial partial partial partial partial partial partial no no no no no
hints guess guess guess guess guess guess good guess  good good good no
PCl yes yes yes yes yes yes yes no yes no no no
badram yes yes yes yes yes yes no yes ves(*) no no no
compression  always pointless no no no no no no configurable no no configurable
exit yes no no no yes yes yes yes no yes yes yes

MIPS qemu emu

video no yes
console charset CP437 ASClI
network no yes
ATA/AHCI yes no
AT keyboard yes no
usB N/A yes
chainloader yes no
cpuid no no
hints guess no
PCI no no
badram yes (*) no
compression configurable no
exit no yes

(GRUB EAAXH) EFMBMRAS : 1.00
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24 Outline
24 1 E

Some platforms have features which allows to implement some commands useless or not
implementable on others.
MAEERTFRIT - ERBEARARNMENSEEINNES EARTRITHIS S,

Quick summary:

INE :

Information retrieval:
SRR
* mipsel-loongson: Isspd
* mips-arc: [sdev
* efi: sefisystab, [ssal, lsefimmap
*386-pc: lsapm
* acpi-enabled (i386-pc, i386-coreboot, i386-multiboot, *-efi): sacpi

Workarounds For platform-specific issues:
BEFEEHMNITE
* i386-efi/x86_64-efi: loadbios, fixvideo
* acpi-enabled (i386-pc, i386-coreboot, i386-multiboot, *-efi): acpi (override ACPI tables-&£ &5 ACPI
HIZR)
* {386-pc: drivemap
* i386-pc: sendkey

Advanced operations For power users:
SR FRRE :
* x86: iorw (direct access to 1/O ports-E1&Zifla] 1/0 % 0)

Miscelaneous:
H{th 210 :
* cmos (x86-*, ieee1275, mips-gemu_mips, mips-loongson): cmostest (used on some laptops to check
for special power-on key-B T8 E 5 F 12 BN L FTRRI T EE)
* {386-pc: play

(GRUB EAXH) EFMBRAS : 1.00
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25 Supported boot targets

X86 support is summarised in the following table. "Yes" means that the kernel works on the given
platform, "crashes" means an early kernel crash which we hope will be fixed by concerned kernel
developers. "no" means GRUB doesn't load the given kernel on a given platform. "headless" means that
the kernel works but lacks console drivers (you can still use serial or network console). In case of "no

and "crashes" the reason is given in footnote.

THRIIRELE T XTF X86 M%HT, "Yes"BMRENZEE LIEFEEEMIFEE L |, “crashes"BIRE R HARAHY
RZERBEREWBATRIBIAZA LB+ IF. "no"EIKE GRUB NEEEIEENTF & LIETEENRNZ,
“headless"ERERTENZFIANES) , BRRVIEHIGIE ( AT (RIIFART LAE A & O 126 & s & N Lg = Hl
8). MER"no"F"crash” , bE’JI_I?_HH]/IEF' A,

BIOS Coreboot Multiboot Qemu ia32-EFI  amd64-EFI ia32 IEEE1275

BIOS chainloading yes no(1) no (1) no (1) no (1) no (1) no (1)
NTLDR yes no(1) no (1) no (1) no (1) no (1) no (1)
Plan9 yes no (1) no (1) no (1) no (1) no (1) no (1)
Freedos yes no (1) no (1) no (1) no (1) no (1) no (1)
FreeBSD bootloader yes crashes (1) crashes (1) crashes (1) crashes (1) crashes (1) crashes (1)
32-bit kFreeBSD yes crashes (2,6) crashes (6) crashes (6) headless headless crashes (6)
64-bit kFreeBSD yes crashes (2,6) crashes (6) crashes (6) headless headless crashes (6)
32-bit kNetBSD yes crashes (1) crashes (1) crashes (1) crashes (1) crashes (1) crashes (1)
64-bit kNetBSD yes crashes (2) yes yes yes yes ?

32-bit kOpenBSD yes yes yes yes headless headless ?
64-bit kOpenBSD yes  yes yes yes headless headless ?
Multiboot yes  yes yes yes yes yes ?
Multiboot2 yes  yes yes yes yes yes ?
32-bit Linux (legacy protocol) yes no (1) no (1) no (1) no (1) no (1) no (1)
64-bit Linux (legacy protocol) yes no(1) no (1) no (1) no (1) no (1) no (1)
32-bit Linux (modern protocol) yes  yes yes yes yes yes ?
64-bit Linux (modern protocol) yes yes yes yes yes yes ?
32-bit XNU yes ? ? ? yes yes ?
64-bit XNU yes ? ? ? yes (5) yes ?
32-bit EFI chainloader no(3) no(3) no (3) no (3) yes no (4) no (3)
64-bit EFI chainloader no(3) no(3) no (3) no (3) no (4) yes no (3)
Appleloader no(3) no(3) no (3) no (3) yes yes no (3)

1. Requires BIOS

1. ZE BIOS

2. Crashes because the memory at 0x0-0x1000 isn't available
2.2 RRRE AN TFHHE 0x0000-0x1000 Z (8] 2 A 0] {E A

3. EFl only

3.{X AT EFI
4. 32-bit and 64-bit EFI have different structures and work in different CPU modes so it's not possible to

chainload 32-bit bootloader on 64-bit platform and vice-versa

4.32-bit # 64-bit 89 EFI BEANEMEMF B TIFEARR CPU IR\ , ELEANFI8ETE 64 (LT & LitzUINE,
— 32 5| BNEHRER , HERZIRA,

5. Some modules may need to be disabled

5. —LEiRIRPIBEE B WA

6. Requires ACPI

6.ZEE ACPI

PowerPC, IA64 and Sparc64 ports support only Linux. MIPS port supports Linux and multiboot2.
PowerPC , IA64 #1 SPARC64 i R 45 Linux, MIPS i O 3Z#F Linux 5 multiboot?,

(GRUB EAXM)Y #IHFWBERAS : 1.00
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26 Boot tests
26 5| S FIRYNN

As you have seen in previous chapter the support matrix is pretty big and some of the configurations are
only rarely used. To ensure the quality bootchecks are available for all x86 targets except EFI
chainloader, Appleloader and XNU. All x86 platforms have bootcheck Facility except ieee1275.
Multiboot, multiboot2, BIOS chainloader, ntldr and freebsd-bootloader boot targets are tested only with
a fake kernel images. Only Linux is tested among the payloads using Linux protocols.
WMIREZBIMNET R REIN , GRUB ZHFMEEEEDIEE S , BRI EMELHAZ., A THEREKRZR
=, BN BESNBTHRER Xx86 & , (BFRT EFI UREZUINEES. FERMEFEZZFM XNU, PRT ieee1275,
FrERI x86 ILAEEBSISHEMNT AR, Multiboot, multiboot2, BIOS #4z{I0%EES. ntldr # freebsd-
bootloader S| S EHIRAZA AN RN BERRER— MNERWAZER, KBRS LINUX A SEMIRXP
A Linux tHXEMRAZ R G B R INE,

Following variables must be defined:

TIHEEDTEE X :

GRUB_PAYLOADS DIR directory containing the required kernels-B R B & T MW ENRIZ
GRUB_CBFSTOOL cbfstool from Coreboot package (for coreboot platform only)-Coreboot E#Y
cbfstool TE(REATF coreboot &)

GRUB_COREBOOT_ROM empty Coreboot ROM-Z=HY Coreboot ROM (R 1% iE77 28

GRUB_QEMU_OPTS additional options to be supplied to QEMU- 13745 QEMU 12L& Y A3 I
Required files are:

BRI :

kfreebsd_env.i386 32-bit kFreeBSD device hints-32 fif kFreeBSD HJi& &5 8

kfreebsd.i386 32-bit FreeBSD kernel image-32 {if FreeBSD RYAZ IR
kfreebsd.x86_64, same from 64-bit kFreeBSD-64 {iI kFreeBSD FIRIZ 1%
kfreebsd_env.x86_64

knetbsd.i386 32-bit NetBSD kernel image-32 fiZ NetBSD HIR1Z R &
knetbsd.miniroot.i386 32-bit kNetBSD miniroot.kmod.-32 {if kNetBSD f4 miniroot ik Z< B9 R iZ &R
knetbsd.x86_64, same from 64-bit kNetBSD-64 {if kNetBSD A AR 1&
knetbsd.miniroot.x86_64

kopenbsd.i386 32-bit OpenBSD kernel bsd.rd image-32 fif OpenBSD fJA#% bsd.rd $51&
kopenbsd.x86_64 same from 64-bit kOpenBSD-64 {if kOpenBSD A% bsd.rd 1%
linux.i386 32-bit Linux-32 {i7fY Linux

linux.x86_64 64-bit Linux-64 {iZ#Y Linux

(GRUB EAAX#H) EFMBMRAS : 1.00
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27 Error messages produced by GRUB
27 GRUB =X HIRER

27.1 GRUB only offers a rescue shell
27.1 GRUB R 2 — P FERIERY shell

GRUB's normal start-up procedure involves setting the 'prefix' environment variable to a value set in the
core image by 'grub-install’,

setting the 'root' variable to match, loading the 'normal' module from the prefix, and running the
'normal' command (*note normal). This command is responsible for reading '/boot/grub/grub.cfg’,
running the menu, and doing all the useful things GRUB is supposed to do.

GRUB WIEE BT BIEIR B prefix"IME T ERE HIET "grub-instal" IR BEZDEBHRENE , ik
E"root"TE , M “prefix"PILEEFINE "normal"#&EiR , FHiz1T"normal"&s < (F : normal), XMa<
‘MR ZE1EE"/boot/grub/grub.cfg" , iZITERKE , FHEXM GRUB ZMHIEE.

If, instead, you only get a rescue shell, this usually means that GRUB failed to load the 'normal' module
for some reason. It may be possible to work around this temporarily: for instance, if the reason for the
failure is that 'prefix' is wrong (perhaps it refers to the wrong device, or perhaps the path to '/boot/grub'
was not correctly made relative to the device), then you can correct this and enter normal mode
manually:
BN, Rz , RREEFREI—PHUE shell , XiBEEIAXE GRUB E A ELLRRESMINE "normal "tRIR KL M,
EHIFe]CAFRER R0 : F1E0 , INRE " "prefix" I EHBIZMREE M B (HRIFIEQ 7HIRIRE , 3k
# 1] gE"/boot/grub" IRIZERIRIERM N EETE AN AVIRE) , ABAMREETS IEf I A LA FXAESCIR normal IEE
WRAWFTRH :

# Inspect the current prefix (and other preset variables):

# MESRIR prefix(FIEMMIRHITE)

set

# Find out which devices are available:
# AR R & 20 ALY -
ls

# Set to the correct value, which might be something like this:
#iSE RIEWRE , PIRERVIMHHUNT ¢

set prefix=(hd0,1)/grub

set root=(hd0,1)

insmod normal

normal

However, any problem that leaves you in the rescue shell probably means that GRUB was not correctly
installed. It may be more useful to try to reinstall it properly using 'grub-install DEVICE' (*note Invoking
grub-install). When doing this, there are a few things to remember:

A, B AMEFIRY o] IR A EFE shell (RFTEEEBRE o GRUB & B IEMth L RIF, Bl EZEMREM
IEHith{EE A "grub-install DEVICE" &L B EMEZREF e BB RAL(E : 1A grub-install), ZHiXFFMAT ,
BILHEEiCHE :

* Drive ordering in your operating system may not be the same as the boot drive ordering used by

your firmware. Do not assume that your first hard drive (e.g. '/dev/sda') is the one that your firmware
will boot from. 'device.map' (*note Device map) can be used to override this, but it is usually better to
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use UUIDs or file system labels and avoid depending on drive ordering entirely.
*BRIERGETPRIRE R R R Rl gEANE TR ERAS I 2RIz F. NEBIARMRRIE —PNEE ()

90 : "/dev/sda") AR IRIIEH L E &5 SRR, "device.map"(iE : IXFNZEARET) AETS FISRE S IRANZR AR

FF , (BE@REEREFH UUIDs s34 & SR it T 24k T K e 28X+

* At least on BIOS systems, if you tell 'grub-install' to install GRUB to a partition but GRUB has already
been installed in the master boot record, then the GRUB installation in the partition will be ignored.

* B/DTE BIOS 24t , MR{RIAMH "grub-install"{8%& 3 GRUB 2| — 17X E |, (B 21 GRUB EELREIET
LEIRZNEREVES | SIERE |, BBALLRETRIGHE BES,

* |f possible, it is generally best to avoid installing GRUB to a partition (unless it is a special partition
for the use of GRUB alone, such as the BIOS Boot Partition used on GPT). Doing this means that GRUB
may stop being able to read its core image due to a file system moving blocks around, such as while
defragmenting,running checks, or even during normal operation. Installing to the whole disk device is
normally more robust.

*YNRETEE , —MEFAELRE GRUB R XHFRIEER— N EINILE GRUB ERAMNYHEAS X |, tEUl%E GPT
TEE LRI BIOS BoinX), XHFMHEKE GRUB FIgERRE I — I NXIGFR ARG RN TMEM N EETS132EY
FMENMZOESR |, IUISHEERIRERR | SITHERNENER | SEIEEIERIZEREAE, 1§ GRUB ZH&
BB AN 2 WX B 2318 SR SR AL /Y,

* Check that GRUB actually knows how to read from the device and file system containing
'/boot/grub’. It will not be able to read from encrypted devices, nor from file systems for which support
has not yet been added to GRUB.

* K EBE7"/boot/grub" BRI EE L F1H{RANE GRUB 2UNNEZEUZ FM NG R FEH, EFEIZEN
ZHRE , BLEREBEXEH RS (NRN TG RANZIFRAIMNE GRUBH ) ,
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28 Invoking grub-install
28 i FH grub-install

The program 'grub-install’ installs GRUB on your drive using ‘grub-mkimage' and (on some platforms)
'grub-setup’. You must specify the device name on which you want to install GRUB, like this:
"grub-install"f2 FF{E R "grub-mkimage"fl ( ZEELEE S I ) "grub-setup"KiE GRUB L& ZIIRENEEH, 1R
INBFETE — MR BB FR%E % GRUB , 140 :

grub-install INSTALL_DEVICE

The device name INSTALL_DEVICE is an OS device name or a GRUB device name.'grub-install’' accepts the
following options:

1% &R INSTALL_DEVICE sJARRIFR A EBRIIRE B , thFIBL ) GRUB FBEVIR&RAFF, "grub-install"#%
BATREIN :

'—help'
Print a summary of the command-line options and exit.
B — NPT SR EIR .

'--version'
Print the version number of GRUB and exit.
it GRUB IR A S [FIE H,

'--boot-directory=DIR'
Install GRUB images under the directory 'DIR/grub/' This option is useful when you want to install GRUB
into a separate partition or a removable disk. If this option is not specified then it defaults to '/boot’, so
%% GRUB $R1%Z|"DIR/grub"HX T, H{RMEIE GRUB LRE|— NI 7 X E — eI BoiMERT |, XNk
MZ2EEERN., NREEREEIEINBLENEIAER" /boot" , FTA

grub-install /dev/sda
is equivalent to
FMTF

grub-install --boot-directory=/boot/ /dev/sda
Here is an example in which you have a separate "boot" partition which is mounted on '/mnt/boot":
EANGF , NRFE— PRI X /boot” , FHEIEEHE"/mnt/boot” T :

grub-install --boot-directory=/mnt/boot /dev/sdb

'--recheck’

Recheck the device map, even if '/boot/grub/device.map' already exists. You should use this option
whenever you add/remove a disk into/from your computer.

AINXAMEDE , 23R &RET , TT1e"/boot/grub/device. map" BB EZFE, LM , SRR
NSRBI |, SN IBRIRTNZS |, BB {E AIXANETN,
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29 Invoking grub-mkconfig
29 i FH grub-mkconfig

The program 'grub-mkconfig' generates a configuration file for GRUB(*note Simple configuration).
"grub-mkconfig"fEF R LAZE R — /™ GRUB FUECE X4 (i : BREE),
grub-mkconfig -o /boot/grub/grub.cfg
'grub-mkconfig' accepts the following options:
"grub-mkconfig"$&5 A FHYIEIN :

'--help'
Print a summary of the command-line options and exit.
FTENH — o SITEIINSGIRFIRE,

'--version'
Print the version number of GRUB and exit.
FTENH GRUB BYRRAS FIRH,

-0 FILE'
'--output=FILE'

Send the generated configuration file to FILE. The default is to send it to standard output.
EBEMMEEE X4 &1XE FILE FAEMMIE R, EIAER FTREREGRRER L,
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30 Invoking grub-mkpasswd-pbkdf2
30 i#FH grub-mkpasswd-pdkdf2

The program 'grub-mkpasswd-pbkdf2' generates password hashes for GRUB (*note Security).

"grub-mkpasswd-pbkdf2" 2 8] B\ R — 4> GRUB BFIIE H 18, (F : &2)
grub-mkpasswd-pbkdf2

'grub-mkpasswd-pbkdf2' accepts the following options:

"grub-mkpasswd-pbkdf2"1E = A T HIIEIN :

'-c NUMBER'
'--ijteration-count=NUMBER'

Number of iterations of the underlying pseudo-random function.Defaults to 10000.
[REAFENLERBUE R EL, EXIAE D 10000,

-l NUMBER'

'--buflen=NUMBER'
Length of the generated hash. Defaults to 64.
FraE IR /BB KE, BIAMER 64,

'-s NUMBER'
'--salt=NUMBER'

Length of the salt. Defaults to 64.

{"”"E’J?‘i/HE hash ZRB{ENNZE , 2FFE£ B — M REENEMRIZREE, TR AE LZ, RAERKER
64 i,
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31 Invoking grub-mkrescue
31 i grub-mkrescue

The program 'grub-mkrescue' generates a bootable GRUB rescue image (*note Making a GRUB bootable
CD-ROM).
"grub-mkrescue"f2F o] ALY —/NR] 5| £# GRUB RBUBER (L : BIYE—/ GRUB 7] 5|5 CD-ROM),
grub-mkrescue -o grub.iso
All arguments not explicitly listed as 'grub-mkrescue' options are passed on directly to 'xorriso' in
'mkisofs' emulation mode. Options passed to 'xorriso' will normally be interpreted as 'mkisofs' options;
if the option '--' is used, then anything after that will be interpreted as native 'xorriso' options.
Fr & 3B LL % B BRTE{E J"grub-mkrescue"m S RIS Y , ERE "mkisofs" BRI T B #Z{Ei1%45 " "xorriso”
B, 1&i#45" " xorriso” ML INER S 1IE B 4E Jo“mkisofs" & I fRi%, WMRIEMEBFERT " , BAEXNGE
HETE ARG 1E Jo At “xorriso” 1IN 4K fiF 1L,
Non-option arguments specify additional source directories. This is commonly used to add extra files to
the image:
EEMSHEETIINTER R, XiBEB T RMIMNISERRRE -
mkdir -p disk/boot/grub
(add extra files to 'disk/boot/grub') (Z 0N Y9324 Z "disk/boot/grub”)
grub-mkrescue -o grub.iso disk

'grub-mkrescue’ accepts the following options:
"grub-mkrescue"{&= LA TIEIN :
'--help'
Print a summary of the command-line options and exit.
FTENH — NG SITIEIGIR G 4E TR,
'--version'
Print the version number of GRUB and exit.
FTENH GRUB IR AR S [F 455K,
-0 FILE'
'--output=FILE'
Save output in FILE. This "option" is required.
i HARF R FILE XEFH, X METZE D FR,
'--modules=MODULES'
Pre-load the named GRUB modules in the image. Multiple entries in MODULES should be separated
by whitespace (so you will probably need to quote this for your shell).
FSCNEIEERT GRUB HRIRZIRRE, 24 MODULES RIRSHNEZERATKTIERRBETLAR RIS ERE
{9 shell BERA LE).
'--rom-directory=DIR'
If generating images for the QEMU or Coreboot platforms, copy the resulting 'gemu.img’ or
‘coreboot.elf' files respectively to the DIR directory as well as including them in the image.
WNERBVIRER 2B T QEMU 3 Coreboot £ & , EEMX E HIFTERLAY "gemu.img"2"coreboot.elf" X 4
ZIDIRXHEH |, MBREREXGEFEI NI
'--xorriso=FILE'
Use FILE as the 'xorriso' program, rather than the built-in default.
f$EFH FILE X4 E R "xorriso"f2F , MARI N EIABNNETRRF.
'--grub-mkimage=FILE'
Use FILE as the 'grub-mkimage' program, rather than the built-in default.
f&F3 FILE X4 1E0"grub-mkimage"#2F , MARIB N ERINRNETEF,
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32 Invoking grub-probe
32 i B grub-probe

The program 'grub-probe' probes device information for a given path or device.
"grub-probe"EZFSIRM—NMATE 7 HRIZHIRBFHEEZER,

grub-probe --target=fs /boot/grub

grub-probe --target=drive --device /dev/sda1

'grub-probe' must be given a path or device as a non-option argument, and also accepts the following
options:
"grub-probe"MFELTE —PMRIFHIZFIEL—NTEMAISE , FEEZUTIED,

'--help'
Print a summary of the command-line options and exit.
HENH S SIMENMRM GRS LER,

'--version'
Print the version number of GRUB and exit.

FTED GRUB HIRRASELER,

l_dl
'--device'

If this option is given, then the non-option argument is a system device name (such as '/dev/sda1'), and
‘grub-probe' will print information about that device. Ifitis not given, then the non-option argument is
a filesystem path (such as '/boot/grub'),and 'grub-probe’ will print information about the device
containing that part of the filesystem.

MEXMEDA L, BLATEDSHESTR A — N RAENIRERM(EEUN"/dev/sda1") , 7 H"grub-
probe"FSITENHB X ZIZFEMNER, NREXMETUEBERA L , BLARXNLENESHEER— I XHER
ZRIER1Z(EEUN"/boot/grub”) , F H"grub-probe" G SITENH B BRI XIEF R ZIVIZRZHIER.

-m FILE'
'--device-map=FILE'

Use FILE as the device map (*note Device map) rather than the default, usually
'/boot/grub/device.map'.

8 FILE XHERZEIRGI(E : 12 FZRFN AR ERINEIARY , BARBEEN
F"/boot/grub/device.map",

-t TARGET'
'--target=TARGET'
Print information about the given path or device as defined by TARGET. The available targets and
their meanings are:
FTENHH X F TARGET EBFT4AERRIZEIR B E X MIER. U N eI AR targets SENIIIZ X :
IFSI
GRUB Filesystem module.
GRUB X4 R FRIR,

'fs_uuid'
Filesystem Universally Unique Identifier (UUID).
X R GHEAME—FRIREE(UUID),
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'fs_label’
Filesystem label.

X RFEHIIRE,

'drive’
GRUB device name.
GRUB By & &7,

'device'
System device name.

ABHIRE R,

'partmap’
GRUB partition map module.
GRUB Y9 X BREFHRIR,

'abstraction’
GRUB abstraction module (e.g. 'lvm’).
GRUB RIS EARIR (140" lvm"),

‘cryptodisk_uuid'
Crypto device UUID.
INEZi% &R/ UUID,

'msdos_parttype'
MBR partition type code (two hexadecimal digits).
MBR #Y 53 X BB (AN 7S B RV ELF),

'hints_string'
A string of platform search hints suitable for passing to the 'search' command (*note search).
RATIEEEMRETRFNS , ATE&ES search" i <,

'bios_hints'
Search hints for the PC BIOS platform.
FF PCBIOS EFEMEBRERER,

'ieee1275_hints'
Search hints for the IEEE1275 platform.
FAF IEEE1275 EEMEBRERES,

'baremetal_hints'

Search hints for platforms where disks are addressed directly rather than via firmware.
WTFARLHMERERESU , MAREIEHNES , ATFXIMESHNERERER.
‘efi_hints'

Search hints for the EFI platform.

T EFI EFEMEBRRERER.

‘arc_hints'

Search hints for the ARC platform.

AT ARCEENERRERER.

‘compatibility_hint'
A guess at a reasonable GRUB drive name for this device, which may be used as a fallback if the
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'search' command fails.

E—1SIEM GRUBIZREZRMT , WIKsHZETERVHEN , X PJREE "search"ap S{ER ANz EBERE&.

'disk'’
System device name for the whole disk.

BAOERE BN RFIRDNZZBEN,

-v
'--verbose'
Print verbose messages.
FTENHTARER.
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Appendix A How to obtain and build GRUB
Btk A SN{EI3X 15 FH#9Z GRUB

*Caution:* GRUB requires binutils-2.9.1.0.23 or later because the GNU assembler has been changed so
that it can produce real 16bits machine code between 2.9.1 and 2.9.1.0.x. See
<http://sources.redhat.com/binutils/>, to obtain information on how to get the latest version.

*ZEE  *GRUBEZE 2.9.1.0.23 EMIRANTEE , R GNU L RIZEFEEE R T LAMERE 2.91 F
2.9.1.0.x H&ZISZIETJ E9Z 4Ry H B IEAY 16bits #1235 ﬁﬁf_’; & E<http://sources.redhat.com/binutils/> , 3XKEX
AP EX SRR ARG R

GRUB is available from the GNU alpha archive site <ftp://ftp.gnu.org/gnu/grub> or any of its mirrors.

The File will be named grub-version.tar.gz. The current version is 2.00, so the file you should grab is:

B LAIEIT GNU alpha B4 MG <ftp://ftp.gnu.org/gnu/grub>aE E I EH{th B KI5 5 5%BY GRUB, {4154

#8770 grub-version.tar.gz, MERIALIERAS} 2.00 , FTCARIKERFINXEFF -
<ftp://ftp.gnu.org/gnu/grub/grub-2.00.tar.gz>

To unbundle GRUB use the instruction:

ERATEMGSHE GRUB :
zcat grub-2.00.tar.gz | tar xvf -

which will create a directory called 'grub-2.00" with all the sources. You can look at the file 'INSTALL for
detailed instructions on how to build and install GRUB, but you should be able to just do:
XEREIE— A%?‘J"grub-Z.OO"E’\JE%#Hﬁﬁi?ﬁﬁﬁﬂ’]ﬁﬁﬁ {RE] AR "INSTALL' X4 7 R un{e#5
EMZE IR GRUB FNIFHERLER , BIRE—LCEMIVZ AT IE :

cd grub-2.00

.Jconfigure

make install

Also, the latest version is available using Bazaar. See <http://www.gnu.org/software/grub/grub-
download.en.html> for more information.

Itb4h , {EM Bazaar 7] ASRENGR IR A, ZE&<http://www.gnu.org/software/grub/grub-
download.en.html>3XEIEZ L,

4hZ51HA

GNU Bazaar (formerly Bazaar-NG, command line tool bzr) is a distributed revision control system
sponsored by Canonical.

Bazaar can be used by a single developer working on multiple branches of local content, or by teams
collaborating across a network.

Bazaar is written in the Python programming language, with packages for major GNU/Linux
distributions, Mac OS X and Microsoft Windows. Bazaar is free software and part of the GNU Project.
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Appendix B Reporting bugs
B 3% B 1B R miME

These are the guideline for how to report bugs. Take a look at this list below before you submit bugs:

AT R R RENERE, ERERRRZAELEERNNTHAS :

1. Before getting unsettled, read this manual through and through. Also, see the GNU GRUB
FAQ(http://www.gnu.org/software/grub/grub-faq.html).

1. ERBE BRI RRZBIZE , BIRET2FEIETAFH. F8 , i5Z] GNU GRUB E N [0J#@X FAQ &
¥ (http://www.gnu.org/software/grub/grub-faqg.html)

2. Always mention the information on your GRUB. The version number and the configuration are quite
important. If you build it yourself, write the options specified to the configure script and your operating
system, including the versions of gcc and binutils.

2.2 2 XEGRUBLEHMER., IRAMEER +HEER. WRIFECHE GRUB , IEREWECEMAFIRE
ERZRNIEIN , B gcc MIFMHTALE,

3. If you have trouble with the installation, inform us of how you installed GRUB. Don't omit error
messages, if any. Just 'GRUB hangs up when it boots' is not enough.

The information on your hardware is also essential. These are especially important: the geometries and
the partition tables of your hard disk drives and your BIOS.

BMNRMFERFIREFBEI MM , SHFEAMFR2UFILE GRUB, Lt , FAERBBIRER. XiL"E
&Ef , GRUB i T"BAH%R), BNMNEGHERRUAT L., U TEERIFIIEEM  MEN/LAER
(BIEHE , ME 6 B , BXFTHNEE ) oKXk, BIOSEE.

4. If GRUB cannot boot your operating system, write down _everything_you see on the screen. Don't
paraphrase them, like 'The foo OS crashes with GRUB, even though it can boot with the bar boot loader
just fine'. Mention the commands you executed, the messages printed by them, and information on
your operating system including the version number.

4.9NR GRUB REJLAS | SAREVIRIER LG | iR FERLRIAMBER. FERIFE(], W"GRUB 5|5 foo OS
BERIR , RIATE bar SIS MEHZ|TEIA", 82, IRITHSHBEHER , BIERANERE (B8RES),

5. Explain what you wanted to do. It is very useful to know your purpose and your wish, and how GRUB
didn't satisfy you.
S.ARFRRAEMEY, AT THREMNBFEE , 7TH GRUBINATL/EFHEIIMENX , IMMEIEETEHMN.,

6. If you can investigate the problem yourself, please do. That will give you and us much more
information on the problem. Attaching a patch is even better.

When you attach a patch, make the patch in unified diff fFormat, and write ChangelLog entries. But, even
when you make a patch, don't forget to explain the problem, so that we can understand what your patch
is for.

6.ANRIFEE CHHRIBRIR 0L , AAEMIE, LRI RES X T ULOEIES. MREERZ—
MNT HAEYF, SRR T Y ' i%ﬁﬁ!ﬁéﬁ—ﬁ’ﬂ diff #8=\ , 7 Hic3k Changlog 5B, MH , S{RHIFEH
T, AISICHERRFMEEIR 0l |, XM BERS FE RV T IEARZE T 4.

7. Write down anything that you think might be related. Please understand that we often need to
reproduce the same problem you encountered in our environment. So your information should be

sufficient for us to do the same thing--Don't forget that we cannot see your computer directly. If you
are not sure whether to state a fact or leave it out, state it! Reporting too many things is much better
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than omitting something important.

If you follow the guideline above, submit a report to the Bug Tracking System
(http://savannah.gnu.org/bugs/?group=grub). Alternatively, you can submit a report via electronic mail
to <bug-grub@gnu.org>, but we strongly recommend that you use the Bug Tracking System, because e-
mail can be passed over easily.

7.5 MR MR F I SLnBEXARA, MEERR(NEEZZENMFEBEIMEIE, REHMEEN
ZEBFES , ERKNEEWAN O, FETICRAI R EEMERIVEM, NRFEAHERETNZS
HFANEMER , B2 SHIHNE, SHBE(NTSHFAFTZRELEEZNRA, NRRTM T L
RER | Z2EBERIREIFERIERZ (http://savannah.gnu.org/bugs/?grub@gnu.org), It9h , tBE]
BAiEd & BB FER {42l <bug-grub@gnu.org> , RRRHVHE. B , FAEZIEBEIRERRREIRRA |
A FHGE SR 2,

Once we get your report, we will try to fix the bugs.
—BiRRER THRE  HINERREE FEIHE,
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Appendix C Where GRUB will go
B & C GRUB 9K K

GRUB 2 is now quite stable and used in many production systems. We are currently working towards a
2.0 release.

If you are interested in the development of GRUB 2, take a look at the homepage
(http://www.gnu.org/software/grub/grub.html).

GRUB2 BtHIREN , HERTFSEAFRNAZTER, BIMEERNDTEITHR 2.0,

ANREI GRUB 2 By & TERKER |, FiAOFHAEVEDR

( http://www.gnu.org/sofeware/grub/grub.html ) ,
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Appendix D Copying This Manual
Bt % D X0 FHMHIE HlEHE

D.1 GNU Free Documentation License
D.1 GNU B I X H=iFe] ik

Version 1.2, November 2002

hRZs 1.2 , 2002 £ 10 B

Copyright (C) 2000,2001,2002 Free Software Foundation, Inc. 51 Franklin St, Fifth Floor, Boston, MA
02110-1301, USA

heAXEfrE (C) 2000, 2001 , 2002 Fress Software Foundation,Inc.51 Franklin St,Fifth Floor,Boston,MA
02110-1301,USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is
not allowed.

ARFBNAEBHEHX—IMURIBXAENEIE |, BET AR TN ERITEE,

0. PREAMBLE

0.515

The purpose of this License is to make a manual, textbook, or other functional and useful document

"free" in the sense of freedom: to assure everyone the effective freedom to copy and redistribute

it,with or without modifying it, either commercially or noncommercially. Secondarily, this License

preserves for the author and publisher a way to get credit for their work, while not being considered

responsible for modifications made by others.

ARIMNEETRIEFM,. FIZskEHINEE. RAENNMEMNER ! LMW%EH)\T\ET_F"ML Pugid 2 e Al 40

IHERRILAS HIFN ({EIhEE R B2 ) EMAMXLENENER , X, AR REET £ B it

N TERBNEEASEM AT ESEME M =R,

This License is a kind of "copyleft", which means that derivative works of the document must themselves

be free in the same sense.lt complements the GNU General Public License, which is a copyleft license

designed for free software.

ARIPNR—M copyleft” , HE XA : XBEMIREFYIWIANEFREXEEHEREHN., AXEZ GNUBAAH

X ( DBEBREZTTHRI—F copyleft tHiX ) B 7E,

We have designed this License in order to use it for manuals for free software, because free software

needs free documentation: a free program should come with manuals providing the same freedoms that

the software does. But this License is not limited to software manuals; it can be used for any textual

work, regardless of subject matter or whether it is published as a printed book. We recommend this

License principally for works whose purpose is instruction or reference.

BATR A MU B RGN FIHER , BEABERREGFEZEERNE | —NEHRREMTENFMI AR

5ZERFNEH, T$T7J\1>{9-T-7F1X|3E3:iﬁzrE’J?Hﬂﬁﬁﬁ Fr B X HE{EmERP] AERA RN | T\'"'F“

Eé?f‘l‘ﬁinﬁﬂ’]&%mé? SERHIRYIEIR, Bl RIA DN EE A LIS S R RS R
ARo

1.APPLICABILITY AND DEFINITIONS

1. & ASEEIFNE

This License applies to any manual or other work, in any medium,that contains a notice placed by the
copyright holder saying it can be distributed under the terms of this License. Such a notice grants a
world-wide, royalty-free license, unlimited in duration,to use that work under the conditions stated
herein. The "Document", below, refers to any such manual or work. Any member of the publicis a
licensee, and is addressed as "you". You accept the license if you copy, modify or distribute the work in a
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way requiring permission under copyright law.
AREPGE A FAEEIEAR LR ERIFMEEMIES |, RN EE R EEXXEPFERER AR DNAIFEF A,
ZERAATFERXFHMET , AEFEERN. Rhif. TRRMERZER. U NN XE"EEEILETF
MEfER. ARBMER— N ABRAMDINENFEINR |, XBERAF"RKIFITE, NRMEH, (EohEki&Hh 7TXLE
(EEMEX LB NIRRERPUERIFP THY ) X4 |, FIRBIRELES T A
A "Modified Version" of the Document means any work containing the Document or a portion of it,
either copied verbatim, or with modifications and/or translated into another language.
1Jﬁéi“éiE’J"Modil‘ied Version” ({E1EhR ) BRIEEEFIE LD XEMER , NEeRRMEBI 2 IFME
B,
A "Secondary Section" is a named appendix or a front-matter section of the Document that deals
exclusively with the relationship of the publishers or authors of the Document to the Document's overall
subject (or to related matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any
mathematics.) The relationship could be a matter of historical connection with the subject or with
related matters, or of legal, commercial, philosophical, ethical or political position regarding them.
“Secondary Section(fiEET)" 2 E I REAEMBIFE S , T THARE XX EBRIAEH RE A
ENHEXER G —EEXERFITIRA)FEESXEEIALEERRLIAT., (NRXEHEBHREHRM
H—E% , fMEETSHITE—RBEHARRE, ) IEBEXEEIIURSEEEXRMAEXEL. HXEY
EEBAXAIER, ml. HIE EESBEIIT.
The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of
Invariant Sections, in the notice that says that the Document is released under this License.If a section
does not fit the above definition of Secondary then it is not allowed to be designated as Invariant. The
Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections
then there are none.
“Invariant Sections(BIEET)" @R LIEE T HANMEBEET , BEETMANXEN—E 7 L RFERREEIN
B, EADINVRIP T R, MIREEDAFELE XTFTHEETHENX , BEMAERTABREET,
XETUEEREET. MIREAEXEREFLABREET , BBMERLET.
The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover
Texts, in the notice that says that the Document is released under this License. A Front-Cover Text may
be at most 5 words, and a Back-Cover Text may be at most 25 words.
“Cover Texts(FTE X F)" B IBLEFI/NEEXFY , MRIIEHIEHINF, HEXFHAXEN -1
SKERRZIMBHE , ERMNIVRIP TR, HEXF &S 5 MIE , F3EXF—HRRS 25 MiiE,
A "Transparent" copy of the Document means a machine-readable copy,represented in a format whose
specification is available to the general public, that is suitable for revising the document
straightforwardly with generic text editors or (For images composed of pixels) generic paint programs or
(For drawings) some widely available drawing editor, and that is suitable for input to text formatters or
for automatic translation to a variety of formats suitable for input to text fFormatters. A copy made in an
otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. Animage format is not Transparent
if used for any substantial amount of text. A copy that is not "Transparent" is called "Opaque".
X HHHY “Transparent(GEER |, LEAMIERR D 3R E)"BIAZRIE T UAITTENAENEIR , RIWAEBGFE RSB
FASE , XIMMETEEABRAXARIESRERSE R (CTHRESEMEIE ) S ARLEH 2 M AR E&R
‘migeR (FRGEMENSE , HEEBNE TRAXARIE SR A R N E T A XA B ZHIREEI
MREREANLELEINC) ARNEGLIEIEENREEIEMRAEERI , BBAMRAREN. NRERH
BIXNERABEMAERMEERNZHIRG , BAZERIBMEAFTREN, AEEIAIIAR "Transparent”F
I1#5 A "Opaque(RiEHE |, LLALIRRR A ARB)",
Examples of suitable formats for Transparent copies include plain ASCIl without markup, Texinfo input
format, LaTeX input format,SGML or XML using a publicly available DTD, and standard-conforming
simple HTML, PostScript or PDF designed for human modification.Examples of transparent image
formats include PNG, XCF and JPG.Opaque formats include proprietary formats that can be read and
edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools are
not generally available, and the machine-generated HTML, PostScript or PDF produced by some word
processors for output purposes only.
XHEBIRERANESEN BB ERCHIS ASCI 1B, Texinfo #I. LaTeX#8z{. SGML &R 3K XML &=
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XELNABMRINHGAER)ERTE N , BB SR ERBRIFEE HTML, PostScript 3, PDF X (& T fRiEHIE
N, BFE ANFREBRAEE PNG XCF#1JPG, ARBBRNEIEATEXXHEIEREAEERIE *ﬁEHE’J:’q:ﬁ
IV, FERIENIARSEAENE XF/EERIE N IARAIET B #9 SGML 8T8 XML &R, , T B ABLEN] 23
R BY HTML R FELESZ A0 33 7= 4 RY PostScript 3 PDF & 2 A T4 HRIAE T,
The "Title Page" means, for a printed book, the title page itself,plus such following pages as are needed
to hold, legibly, the material this License requires to appear in the title page. For works in formats which
do not have any title page as such, "Title Page" means the text near the most prominent appearance of
the work's title, preceding the beginning of the body of the text.

“Title Page(RETR)" B FEHIENAL MY BRIREIIAS KK T 7B W ERSMRENTIE : AUMYEKRERIIE
IE9RT R, REBLELRR XIS BREDIMIEM |, “Title Page" RIEEFRIEX Z iRz EZENFIHIFXF,
A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or
contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ stands
for a specific section name mentioned below, such as "Acknowledgements", "Dedications",
"Endorsements”, or "History".) To "Preserve the Title" of such a section when you modify the Document
means that it remains a section "Entitled XYZ" according to this definition.
E 7 Entitled XYZ(BA XYZ)"BANEEREAREIEAHER XYZ , FHESFHARNENAERERE
XYZ (LEE’J XYZ RIETHRRMWISHRETRRAM , § 90 : 15§, s3@k. EFic. A%, ) SIRIERSHERT ,
YR E T E Preserve the Title(4E354580)" , ?tmlfﬁ , EIRBXEMNEXRBIZET B XYZ,
The Document may include Warranty Disclaimers next to the notice which states that this License
applies to the Document. These Warranty Disclaimers are considered to be included by reference in this
License, but only as regards disclaiming warranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on the meaning of this License.
B‘IH—I@E%?‘FEHZST)NM@H%?ﬁ}‘(*éﬂ’]@%)z@’-?%m?éﬁﬁ XN REEREERE E/\EUZ!STJND‘{E’\J%%%EP .
BXXTFRE: REAMNEAIEHERIENE XM , HXWN AP INEIE XSS,

2. VERBATIM COPYING

2. [FHEE

You may copy and distribute the Document in any medium, either commercially or noncommercially,
provided that this License, the copyright notices, and the license notice saying this License applies to the
Document are reproduced in all copies, and that you add no other conditions whatsoever to those of
this License. You may not use technical measures to obstruct or control the reading or further copying
of the copies you make or distribute. However,you may accept compensation in exchange for copies. If
you distribute a large enough number of copies you must also follow the conditions in section 3.
FEREARDPINFIRNER , BN EIFe]FERRERNX S REMBRIRERDINERF T , FERNMAERHE
ERERISEMNDXAIETIR T | Re]AEEAIEARS BRI 2MmizXts , NMe2RATEWaIEmEl, RATNU
R BIES A EIRFITHRALLIELL 15556 [HiksBE 6], AT , (R UERREIAMmEZ AL
R —LL3ME, NMRMBEMMBIANEXRE —ERE , (MEWIEE THEHE 3 T,

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

£S5 EAEERIERZT |, (Fife] A ESUSEI AR 2 F B SUEE AN,
3. COPYING IN QUANTITY
3. RKE%RTh

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

MRFEE TN XERIAREEREE —MRBENBH EIERNEIR) REBIT 100 7 , (MM IUERIZRA
JAMER T HEN B AT P BT 2K R X FIFE I RY , FEFENFERBEINRXXFHHEXF,
HEMNNREESHINERRZZEIRNEHE, HEVANENLZENBER , BPENENFEHBOAEFNEE,
Rl AESEAR —LHERMEM AT, EHE T EEN KXY BEﬁi'J\ WIS FXLERAT | &l
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REXEHE LA EFEHF S GIREIA,

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed
(as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.
MEHESITRVENNNFEASMERELERNEWMAT , BAMRAIIBAAENEZE(REESH)IESHT
EEE , R T RUABL AR EATImE,

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either
include a machine-readable Transparent copy along with each Opaque copy, or state in or with each
Opaque copy a computer-network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy of the Document, free
of added material. If you use the latter option, you must take reasonably prudent steps, when you begin
distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus
accessible at the stated location until at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

WMRIRHIRE D EZ ARBHIAERI AL ERET 100 17, B4 |, IRBAEESNAREEIRT—H rIViE Y
HREBEE , BEAEBMNARBRIRESfEREZEIA&TE EH ﬁ‘%’l‘}lﬂéiﬂ’ﬁﬂzii LK EB 2 {E LB I EE AR 7]
A EAMEZBEDINEZA T HTE2IREIZEHI0 MHE’JS‘ZEEUZK ZZD%T/J\%%J: Mm% |, R IIE
SREN—LEEERHER | SMMARKERITARBTEIARN , ERIEXLEREFRIAREIR(E EEIE TT IR
HE FERH) A TRE—HNNIRENAREBTEIEAGFEL —FEREERMMU T AR Z,

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

FEMRWNXAEHEIAFHITREB A MRIEEFSXEFE RIFNEXR , IREAARNEVWIN , BEERRBHVER , XHF
FRBV B M IR H SIS RITAR A,

4. MODIFICATIONS

4. 181F

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and
3 above, provided that you release the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:
fREJAE EX 2, 3 WTHIEG T EHIFLMIFEIMEIERR , REMR™ *ﬁiﬂﬂ‘zliwleZiﬁ AT EERXE
FMES BV EIERR , XM AIHERFB ZEER —MNRIARFIARTIHEIEMRFI TR ITHENR, ME , ROTXT
IS TERR AN T — LB -

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

A EREIIMNREBETE , MHEFHEIESE)EANPRESERENPRIAEMX IR , LA ARLE
FRTARA (WL R ZXANAVE ? MREREEAE/NT |, BAALNTRIEHIVERE), NRKRVIELTT
AFVFRYIE |, fRBP]MERB RN B R,

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

B. RRI1 LW DWJHM’F% WHEIERR AR ECY 51 TRAI D NSRBI, XA EL ANEZRFE (W
REZFELTAAD , MEMBB L) | FRIFMITRIFRRXAM,

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
C. EREDIM LB IERRSASM R R ERIRF |, WE (RIHEXEHEIAR) & & A,

D. Preserve all the copyright notices of the Document.

D. (R EBIRBXHEMIFT B RIXNFRAE,
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E. Add an appropriate copyright notice for your modifications adjacent to the other copyright
notices.

E. 7 H & hRAX 7 BRBE 79 45 Fr S A2 IE 7R D0IE =5 BRI RRAX A B,

F. Include, immediately after the copyright notices, a license notice giving the public permission to
use the Modified Version under the terms of this License, in the form shown in the Addendum below.
F. AR FERREEILENE L R TFAREAR MY MERIEIERXEITRIER |, ERENU TEMSRR.

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

G. EXHEHIF IR R R EBAMTBRIE BT R X FAMEXRIIFAIEER,

H. Include an unaltered copy of this License.
H. 58 EiXEeiF el iRy — 10 R 4

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

L REBIER ' HE'NET , AEXHERS , HFRLTERNI—FEEEARNBE. BE. FE. &fF
BFRE  MERENERLSEE., NREXEEZEEA R B"NET |, FMEILIZET , SIE—FREER
XiEmPa. BE. FE. RHENFE , NEXEMEIIELSHIAE , AEBR EEMEDRE , R —F
R Eck IREISF B,

J. Preserve the network location, if any, given in the Document for public access to a Transparent
copy of the Document, and likewise the network locations given in the Document for previous versions
it was based on. These may be placed in the "History" section. You may omit a network location for a
work that was published at least four years before the Document itself, or if the original publisher of the
version it refers to gives permission.

J AR PLEE TIHRIFRE X ENBERE | (RROZRIFMULFIER , F B iZMUbiE iz i iz 3SR E)
HRhRA, XL R AL ETET. NRFIARXEEAHEBINFHERFEEEXETIRE w150
HIARRMRA |, AR ATEEmAP IR X HEE L,

K. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section,
and preserve in the section all the substance and tone of each of the contributor acknowledgements
and/or dedications given therein.

K. [R3ZA5 AR RYERI & 0 511" 8" ST mh " RO E T &R A 4B 5 E AR AN B 1 R X B ST EA & RO EHA R R 53

=18,

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles.
Section numbers or the equivalent are not considered part of the section titles.
L EREXENBEEETHIREMNEAE, SR , ETHRSAETED AN —E85 (FTLAL’EN).

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

M. BIBRESAS PRI A EIL"NET, XEET R ZHIFEIAER.,

N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any
Invariant Section.

N. REEE I EBETHRBAAFIE" , NN SBEEET B PRIIIFHL,

O. Preserve any Warranty Disclaimers.

O. (RBEREXFrER=FMH.
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If the Modified Version includes new front-matter sections or appendices that qualify as Secondary
Sections and contain no material copied from the Document, you may at your option designate some or
all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the
Modified Version's license notice. These titles must be distinct from any other section titles.
WMREEIEMRB S THEEMNEXERINEMIERBEET ZEMNIFETEMR , (RFJUAEE it
ETEEXIEETH2HN—EHBEEEYT, REENEERNITFIFAPHIEEZETFIRINRE, XE
MRS HEETRIFREER R X 51 3K,

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

REIBURINE R FIE"METY , RESSSZAEMNIREMEIEMEITEIY , FlU0 : FE TR HRFHALDIATHER
FRIERIIELE M HVIR 3,

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a
Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of Front-
Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any one
entity. If the Document already includes a cover text for the same cover, previously added by you or by
arrangement made by the same entity you are acting on behalf of, you may not add another; but you
may replace the old one, on explicit permission from the previous publisher that added the old one.
{REIATEIE IERR T XX F R IIRERIN 5 MAL BRI HB B 25 MILZBHIITHEXF, — PEROHFITHRRY
PMAHR) T gE R 2RI (E BRI B IERZAY) — Bt M FHHEXF, NIRXEELE SRR TR
2 3R (SERiBIRIRINE B IRCIERISTAREIR) |, (RRAARZEBRZINAMT ; NMEEARMNIEHENERERAZRER BB
T el F{RE] AIEIHRY B i,

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

AP RFEEEF R HERMINRF A E MR ETE EMAIIAET,

5. COMBINING DOCUMENTS

5. 8H X

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

{RE] ATEARMMY THRIESE 4 HEMEIERE XMFZFIEXEEREEXEEHEXREAHT , REMESHXHEE
EH At BESMERENENFABEEEET , #AEMNESH XEMNIF SRR ELESI HEEEZEY , M
BiRBERBR=ZAH,

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

EHEXHEIAFTEE—MANY , EENSABEEETNZARRNETENR, IRESENEEETRER
FHEE , EATEAEN , MEE—/EirARIRENES ERNEANNEREFESELZHREBIRTF) , SEE
INEE—NE—BUIR S, AEHXHENIFIERENBEEED PHED IrS L EMAENRIFEE,

In the combination, you must combine any sections Entitled "History" in the various original documents,
forming one section Entitled "History"; likewise combine any sections Entitled "Acknowledgements",
and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements".
EEHXHEE , MU ITIEREREXEN AR ETEHFR—NAR'EY ; BFEEESHNET B 155",
"Bk, AW FEIERBE"EIC" ET MR,

6. COLLECTIONS OF DOCUMENTS
6. XHEE

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

WMRRXT B AN CEM A EEETE T AMXRIEHFE RIS, ABART RN T &R RAIZFEF]
HEHERNSSE , FU—1MRBNEIRRENSERSXEE R AERIAR D INEIA,

You may extract a single document from such a collection, and distribute it individually under this
License, provided you insert a copy of this License into the extracted document, and follow this License
in all other respects regarding verbatim copying of that document.
REJAMIZEEFRRIN— N REII |, FERPNTRRE S | RBIREIZIREEAISHAEFINAN— 10 A7
WHEIAR , AEXENEMAE A EEERR YRR E GRS

7. AGGREGATION WITH INDEPENDENT WORKS

7. M EmIL &

A compilation of the Document or its derivatives with other separate and independent documents or
works, in or on a volume of a storage or distribution medium, is called an "aggregate" if the copyright
resulting from the compilation is not used to limit the legal rights of the compilation's users beyond
what the individual works permit. When the Document is included in an aggregate, this License does not
apply to the other works in the aggregate which are not themselves derivative works of the Document.
MAEMEEMIAZ RN RENKESAGRERFBETE — DNAERSAER £, NRICHRIERIIARIX
iz 4w E B B PRI RIBR $1)% B 8 H AR LM EREVIF ?ISEE |, %L mIER f"aggregate(f &4 , X
Bih  LEHLR)", SXEEESTLEFIEHE , RPN CERZIEIERER (AR U BHY
ZmEmiElER,

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

AR ZE 3 THNWIHE X FREXKERTIHEZEIR |, BBAMNREE LEFRA SN TF2XH—F
NHEFEXFI UK E T ILERNZIAEMAT T L |, skEB FXEPRIFRE D (R XE AR FhR & ).
BN, WIEEI TR BANCERMENFRITIE £,

8. TRANSLATION

8. #i%

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

BATAREIZR —MELY , FTLARPI BARERSE 4 TRIRFM A XENEIZRA, NREREXENEEETHA
EXEMN , FEGIRARIFEERTE |, BRPILAEERD SN2 SREE ZETANEXMINERIGRANEE, R
BUBE—MAMNIY. FMEITTFRIARZRFIANIENY , REFENESHFIRRIARARE, HiFXHE
X Bl XHEHE , AR R,

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the
requirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.
MHEPRISE, TaEk. AR EEREFEHIMBNE DX B IUGEFRS %A S 11 AIREL,

9. TERMINATION

9. PN 1L

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under
this License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will
automatically terminate your rights under this License.
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PRIAEMREARAERA MY , BRI ASHITER, B, HFFrIRkEH, NWXEWEFREEFER
AP EEREF, 1Bk, FFIFIRAHERILNE , FRIXIGEE IERERN T ZEHIREL,
however,partied who have received copies,or rights,from you under this license will not have their
licenses terminated as long as such partied remain in full compliance.

AT, MRXERGXAERIANA BRI ARRE L , RSB IEB BRI

10. FUTURE REVISIONS OF THIS LICENSE

10. A X B R K bR 2

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation
License from time to time. Such new versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.
BRHRGEEESSENS LI GNU BEXXEMMYETTIR, MRAEFESFMERIMRAAINEC GRS |, BE
REIBE LI oA EXRRVAT LEXBFARE. FHAESE http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a
particular numbered version of this License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does not specify a version
number of this License, you may choose any version ever published (not as a draft) by the Free Software
Foundation.
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D.1.1 ADDENDUM: How to use this License For your documents
D.1.1 B3Rk : LB X EERXF—MIEP

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

?TEE SHXEPERXMIED , EEEXEPERIEBNEIE , FRIETEMRNGERE A SHERETHE
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Copyright (C) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.2 or any later version published by the Free Software Foundation;with
no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is included in
the section entitled **GNU Free Documentation License".

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

MRGFBREEEZEY. IIRXFMIENXF , B "with..Texts."&# A :

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being LIST, and with the
Back-Cover Texts being LIST.

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

MRFEBEEETMEEIIRXFHR LELAR=TMNHEEHRES , FU LRI G EESERUHESLRE .

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