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Abstract
This Linux Mini-HOWTO teaches you how to plan and create partitions on IDE and SCSI hard drives. It discusses
partitioning terminology and considers size and location issues. Use of the fdisk partitioning utility for creating and

recovering of partition tablesis covered. The most recent version of this document is here [http://lissot.net/partition].
The Turkish trandation is here [http://bel gel er.org/howto/partition-howto.html].

Table of Contents

g1 [0 ot [ o PP 2
WHhaL 1S @ PartitioN? .....c.uuiiiiiii e e e e e e e e e e e et 2
Other Partitioning SOfWaIE: .......cocuiiiiiiiiii e e e e e e e e e e e e eees 2
[ 0= I [ 1T P 3
Additional information 0N YOUr SYSIEM: ....iiiiiiii e e e e e e e 3

ot PR 4
DEBVICE NMAIMES ... eieeite ettt e et e et e e et b e e et et e e e e et s e e e e et eeaeatn e e e e etan e eeenanas 4
(D C Yo oW o o= = PSPPI 6

L L 0] I o= 6
L L] I o= 6
(0T Ko TN =1 ] 1 T Y o= S 6
Primary PartitionNS ........ccouuiiiiiiii e 7
(oo [Lor= = 11 o] PPN 7
STz 0 I =1 1] 1 PPN 7

Partitioning FEQUITEMENES ......iivu it eei e e e e e e e e e e e e et e e et e e et e e e et e e et e e et e e et e etn e eanneeennnss 7



http://lissot.net/partition
http://lissot.net/partition
http://belgeler.org/howto/partition-howto.html
http://belgeler.org/howto/partition-howto.html

Linux Partition HOWTO

What Partitions dO | NEEA? ... e 7
1S ol B\ Lo o PP 8
LIS Y (= 1 1P 8
STz 0 I = 1] 1 PPN 9
Partitioning With fAISK ........iiiiiii e e e e 11
L0 TS QY = o L= P 11
Four primary Partitions ..........iiiiiiiiie e 12
Mixed primary and 10giCal PartitionS ..........cc.uieiiiiiiiiiie e e 13
SUbMITEEd EXAMPIES ... i e 15
- = 15
VOIUME LBIDEIS .ovieeii et 16
DEVICE LADEIS ..u e 16
Formatting an eXt2/3 Partition ..........c.uoiiiiieiiii e e 17
S 0T o F=I 01V o o= T o P 17
RESEIVEU DIOCKS ...t e e e e e e e et e e e e aan s 17
Recovering a Deleted Partition Table .........oiiiiiiii e 17
SEtiNG UP SWEP SPBCE ...vuiiiiieii i eiii e et e e e e e e e e e e e e e e et e e e e et r e 19
STz o T T =P 19
STz o T T =P 19
MUILIPIE SWAD ATEBS ...uuiiii it e e e e e e e e e e et e e et e e et e e e e eanaees 20
N 0= 0o 20
FOrmating PartitionNS .........couuiiiiiiiii e e 20
ACHVELING SWAD SPACE .. evvueiiiiei e e et e e e e e e e e e e e e et e e et e e et e e et e eaneaanaees 21
MOUNEING PartitiONS .....ciiie i e e e e e e e e e e et e e e et e e eaneeeens 21
Some facts about file systems and fragmentation .............cccocoiiiiiiiiiii i 21

Introduction

What is a partition?

Partitioning is a means to divide a single hard drive into many logical drives. A partition is a contiguous
set of blocks on adrive that are treated as an independant disk. A partition table (the creation of which is
the topic of thisHOWTO) is an index that relates sections of the hard drive to partitions.

Why have multiple partitions?

» Encapsulate your data. Since file system corruption is local to a partition, you stand to lose only some
of your data if an accident occurs.

* Increase disk space efficiency. You can format partitions with varying block sizes, depending on your
usage. If your datais in alarge number of small files (less than 1k) and your partition uses 4k sized
blocks, you are wasting 3k for every file. In general, you waste on average one half of ablock for every
file, so matching block size to the average size of your filesisimportant if you have many files.

» Limit data growth. Runaway processes or maniacal users can consume so much disk space that the
operating system no longer has room on the hard drive for its bookkeeping operations. Thiswill lead to

disaster. By segregating space, you ensure that things other than the operating system die when allocated
disk space is exhausted.

Other Partitioning Software:

» sfdisk: acommand-line version of fdisk
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» cfdisk: acurses-based version of fdisk
 parted [http://www.gnu.org/software/parted/parted.html]: Gnu partition editor

» Partition Magic™ [http://www.powerquest.com/partitionmagic/index.html]: a commercial utility to
create, resize, merge and convert partitions, without destroying data.

» Disk Drake™ [http://www.linux-mandrake.com/diskdrake]: a Perl/Gtk program to create, rsize, and
delete partitions

Related HOWTOs

Table 1. Related HOWTOs

Title Author Description

Dua boot instal strate-|Gjoen Stein|How to estimate the various size

gies [http://www.tldp.org/HOW- |[mailto:tobbyb@usa.net] and speed requirements for differ-

TO/Install-Strategies] ent parts of the filesystem.

Linux Multiple Disk System Tun-|Gjoen Stein|How to estimate the various size

ing [http://Aww.nyx.net/~sgjoen/| [ mailto:sgjoen@mail.nyx.net] and speed requirements for differ-

disk.htmi] ent parts of the filesystem.

Linux Large Disk [http://| Andries Brouwer | Instructions and considerations

www.tldp.org/HOWTO/Large-  |[mailto:aeb@cwi.nl] regarding disks with more than

Disk-HOWTO.html] 1024 cylinders

Linux Quota [http://| Ralf van Dooren|Instructionson limiting disk space

metal ab.unc.edu/mdw/ [mailto:mailto:r.vdooren@snow.n|isage per user (quotas)

HOWTO/mini/Quota.html]

Partition-Rescue mini-HOW- | Jean-Daniel Dodin|How to restore linux partitions af-

TO  [http://www.linuxdocs.org/ | [mailto:jdanield@dodin.net] ter they have been deleted by a

HOWTQOs/mini/Parti- Windows install. Does not appear

tion-Rescue.html] to preserve data.

Linux ADSM Backup [http://| Thomas Koenig|Instructions on integrating Linux

www.tldp.org/HOWTO/ADSM-  |[mailto: Thomas.Koenig@ciw.uni-into an IBM ADSM backup envi-

Backup.htmi] karlsruhe.de] ronment.

Linux Backup with  MS-|Christopher Neufeld|Information about MS-DOS dri-

DOS [http:/Aww.ibiblio.org/ | [mailto:neufel d@physics.utoronto.gah Linux backups.

pub/Linux/docs/

HOWTO/other-for-

mats/html_single/Backup-With-

MSDOS.html]

Linux HOWTO Index Tim  Bynum  [mailto:linux-|Instructions on writing and sub-
howto@sunsite.unc.edu] mitting a HOWTO document

Additional information on your system:
e /usr/src/linux/Docunent ati on [file/usr/src/linux/Documentation]
e ide. txt [file/usr/src/linux/Documentation/ide.txt]: Info about your IDE drivers

e scsi . txt [file/usr/sre/linux/Documentation/scsi.txt]: Info about your SCSI drivers
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Devices

Thereis aspecia nomenclature that linux uses to refer to hard drive partitions that must be understood in
order to follow the discussion on the following pages.

In Linux, partitions are represented by device files. These are phoney files located in / dev. Here are a

few entries:

brwrw --- 1 root di sk 3, 0 May 5 1998 hda
brwrw --- 1 root di sk 8, 0 May 5 1998 sda
Crw------ 1 root tty 4, 64 May 5 1998 ttySO

A device file is a file with type c ( for "character" devices, devices that do not use the buffer cache) or
b (for "block" devices, which go through the buffer cache). In Linux, all disks are represented as block
devicesonly.

Device names

Naming Convention

By convention, IDE driveswill be given device names/ dev/ hda to/ dev/ hdd. Hard Drive A (/ dev/
hda) isthefirst drive and Hard Drive C (/ dev/ hdc) isthe third.

Table 2. IDE controller naming convention

drive name drive controller drive number
/dev/hda 1 1
/dev/hdb 1 2
/dev/hdc 2 1
/dev/hdd 2 2

A typical PC hastwo IDE controllers, each of which can have two drives connected to it. For example, /
dev/ hda isthefirst drive (master) on thefirst IDE controller and/ dev/ hdd isthe second (slave) drive
on the second controller (the fourth IDE drive in the computer).

Y ou can writeto these devices directly (using cat or dd). However, since these devicesrepresent the entire
disk, starting at thefirst block, you can mistakenly overwrite the master boot record and the partition table,
which will render the drive unusable.

Table 3. partition names

drive name drive controller drive number partition type partition number
/dev/hdal 1 1 primary 1
/dev/hda2 1 1 primary 2
/dev/hda3 1 1 primary 3
/dev/hdad 1 1 swap NA
/dev/hdbl 1 2 primary

/dev/hdb2 1 2 primary

/dev/hdb3 1 2 primary
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/dev/hdb4 1 2 primary \ 4 \

Once adrive has been partitioned, the partitions will represented as numbers on the end of the names. For
example, the second partition on the second drive will be / dev/ hdb2. The partition type (primary) is
listed in the table above for clarity, athough the concept is not explained until the section called “ Primary

Partitions’.

Table4. SCSI Drives

drive name drive controller drive number partition type partition number
/dev/sdal 1 6 primary 1
/dev/sda2 1 6 primary 2
/dev/sda3 1 6 primary 3

SCSl drives follow asimilar pattern; They are represented by 'sd' instead of 'hd'. The first partition of the
second SCSI drive would therefore be / dev/ sdb1. In the table above, the drive number is arbitraily
chosen to be 6 to introduce the idea that SCSI ID numbers do not map onto device names under linux.

Name Assignment

Under (Sun) Solarisand (SGI) IRIX, the device name given to aSCSI drive has some relationship to where
you plug it in. Under linux, there is only wailing and gnashing of teeth.

Before

SCSlI I D #2 SCSlI I D #5 SCS| | D #7 SCSlI I D #8
/ dev/ sda / dev/ sdb / dev/ sdc / dev/ sdd
After

SCSlI ID #2 SCSI | D #7 SCSI I D #8
/ dev/ sda / dev/ sdb / dev/ sdc

SCSI drives have ID numbers which go from 1 through 15. Lower SCSI ID numbers are assigned low-
er-order letters. For example, if you have two drives numbered 2 and 5, then #2 will be/ dev/ sda and
#5 will be / dev/ sdb. If you remove either, al the higher numbered drives will be renamed the next
time you boot up.

If you have two SCSI controllers in your linux box, you will need to examine the output of /bin/dmesg
in order to see what name each drive was assigned. If you remove one of two controllers, the remaining
controller might have al its drives renamed. Grrr...

There are two work-arounds; both involve using a program to put alabel on each partition (see the section
called “Labels’). The label is persistent even when the device is physically moved. Y ou then refer to the
partition directly or indirectly by label.

Logical Partitions

Tableb5. Logical Partitions

drive name drive controller drive number
/dev/hdbl 1 2

partition type partition number

primary 1
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/dev/hdb2 1 2 extended NA
/dev/hdab 1 2 logical
/dev/hdb6 1 2 logical

The table above illustrates a mysterious jJump in the name assignments. This is due to the use of logical
partitions (seethe section called “ Logical Partitions’, which always start with 5, for reasonsexplained | ater.

Thisis all you have to know to deal with linux disk devices. For the sake of completeness, see Kristian's
discussion of device numbers below.

Device numbers

The only important thing with a device file are its major and minor device numbers, which are shown
instead of thefile size:

$ Is -1 /dev/hda

Table 6. Devicefile attributes

brw-rw---- 1 root disk 3 0 Jul 18 1994 | /dev/hda

permissions owner group major minor date device
device device name
number number

When accessing a device file, the major number selects which device driver is being called to perform
the input/output operation. This call is being done with the minor number as a parameter and it is entirely
up to the driver how the minor number is being interpreted. The driver documentation usually describes
how the driver uses minor numbers. For IDE disks, this documentationisin / usr/ src/ | i nux/ Doc-
urment ati on/ i de. t xt [file//usr/src/linux/Documentation/ide.txt]. For SCSI disks, one would expect
such documentation in / usr/src/ | i nux/ Docunent ati on/ scsi . txt [file/usr/src/linux/Doc-
umentation/scsi.txt], but it isn't there. One has to look at the driver source to be sure ( / usr/ src/
i nux/driver/scsi/sd. c [file/usr/src/linux/driver/scsi/sd.c]:184-196). Fortunately, there is Peter
Anvin'slist of device numbersand namesin / usr/ src/ | i nux/ Docunent ati on/ devi ces. t xt
[file:/usr/src/linux/Documentati on/devices.txt]; see the entries for block devices, magjor 3, 22, 33, 34 for
IDE and major 8 for SCSI disks. The major and minor numbers are abyte each and that is why the number
of partitions per disk islimited.

Partition Types
Partition Types

A partition is labeled to host a certain kind of file system (not to be confused with a volume label (see
the section called “Labels’)). Such a file system could be the linux standard ext2 file system or linux
swap space, or even foreign file systems like (Microsoft) NTFS or (Sun) UFS. Thereis a numerical code
associated with each partition type. For example, the code for ext2 is0x83 and linux swap is0x82. To
see alist of partition types and their codes, execute/ sbi n/ sfdi sk -T

Foreign Partition Types

The partition type codeshave been arbitrarily chosen (you can't figure out what they should be) and they are
particular to a given operating system. Therefore, it is theoretically possible that if you use two operating
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systems with the same hard drive, the same code might be used to designate two different partition types.
0S/2 marks its partitions with a 0x07 type and so does Windows NT's NTFS. MS-DOS all ocates several
type codes for its various flavors of FAT file systems; 0x01, 0x04 and 0x06 are known. DR-DOS used
0x81 to indicate protected FAT partitions, creating atype clash with Linux/Minix at that time, but neither
Linux/Minix nor DR-DOS are widely used any more.

0S/2 marksits partitions with a0x07 type and so does Windows NT's NTFS. MS-DOS allocates several
type codes for its various flavors of FAT file systems: 0x01, 0x04 and 0x06 are known. DR-DOS used
0x81 toindicate protected FAT partitions, creating atype clash with Linux/Minix at that time, but neither
Linux/Minix nor DR-DOS are widely used any more.

Primary Partitions

The number of partitions on an Intel-based system was limited from the very beginning: The original
partition table was installed as part of the boot sector and held space for only four partition entries. These
partitions are now called primary partitions.

Logical Partitions

One primary partition of a hard drive may be subpartitioned. These are logical partitions. This effectively
allows usto skirt the historical four partition limitation.

The primary partition used to house the logical partitions is called an extended partition and it has its
own file system type (0x05). Unlike primary partitions, logical partitions must be contiguous. Each logical
partition contains a pointer to the next logical partition, which impliesthat the number of logical partitions
is unlimited. However, linux imposes limits on the total number of any type of partition on a drive, so
this effectively limits the number of logical partitions. Thisis at most 15 partitions total on an SCS| disk
and 63 total on an IDE disk.

Swap Partitions

Every process running on your computer is allocated a number of blocks of RAM. These blocks are called
pages. The set of in-memory pages which will be referenced by the processor in the very near future is
called a"working set.” Linux tries to predict these memory accesses (assuming that recently used pages
will be used again in the near future) and keeps these pagesin RAM if possible.

If you have too many processes running on amachine, the kernel will try to free up RAM by writing pages
to disk. Thisiswhat swap spaceisfor. It effectively increases the amount of memory you have available.
However, disk I/O is about a hundred times slower than reading from and writing to RAM. Consider this
emergency memory and not extra memory.

If memory becomes so scarce that the kernel pages out from the working set of one process in order to
pagein for another, the machineis said to be thrashing. Some readers might have inadvertenly experienced
this: the hard drive is grinding away like crazy, but the computer is slow to the point of being unusable.
Swap space is something you need to have, but it is no substitute for sufficient RAM. See the discussion
in the section called “ Swap Partitions” for tips on determining the size of swap space you need.

Partitioning requirements

What Partitions do | need?

For the Boot Drive: If you want to boot your operating system from the drive you are about to partition,
you will need:
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e A primary partition

» One or more swap partitions

» Zero or more primary/logical partitions
For any other drive:

» One or more primary/logical partitions

» Zero or more swap partitions

Discussion:

Boot Partition: Y our boot partition ought to be a primary partition, not a logical partition.
Thiswill easerecovery in case of disaster, but it isnot technically necessary.
It must be of type 0x83 "Linux native". If you are using a version of lilo
[http://tldp.org/HOWTO/LILO.html] before 21-3 (ie, from the 1990s), your
boot partition must be contained within the first 1024 cylinders of the drive.
(Typically, the boot partition need only contain the kernel image.)

If you have more than one boot partition (from other OSs, for exam-
ple) keep them al in the first 1024 cylinders (All DOS partitions must
be within the first 1024). If you are using a modern version of lilo, or
a means other than lilo to load your kernel (for example, a boot disk or
the LOADLIN.EXE MS-DOS based Linux loader), the partition can be
anywhere. See the Large-disk [http://www.tldp.org/HOWTO/L arge-Disk-
HOWTO.html] HOWTO for details.

Swap Partition: Unless you swap to files (see the section called “ Swap Files”) you will need
adedicated swap partition. It must be of type 0x82 "Linux swap". It may be
positioned anywhere on the disk (but see the section called “Where should
| put my swap space?’). Either a primary or logical partition can be used
for swap. More than one swap partition can exist on adrive. 8 total (across
drives) are permitted. See notes on swap size below (the section called “ Swap
Partitions”).

Logical Partition:; A single primary partition must be used as a container (extended partition)
for the logical partitions. The extended partition can go anywhere on the
disk. Thelogical partitions must be contiguous, but needn't fill the extended
partition.

File Systems

Which file systems need their own partitions?

Everything inyour linux file system can go in the same (singl€) partition. However, there are circumstances
when you may want to restrict the growth of certain file systems. For example, if your mail spool wasin
the same partition as your root fs and it filled the remaining space in the partition, your computer would
basically hang.

[ var Thisfs contains spool directories such as those for mail and printing. In addition, it containsthe
error log directory. If your machineis a server and develops a chronic error, those msgs can fill
the partition. Server computers ought to have /var in adifferent partition than /.



http://tldp.org/HOWTO/LILO.html
http://tldp.org/HOWTO/LILO.html
http://www.tldp.org/HOWTO/Large-Disk-HOWTO.html
http://www.tldp.org/HOWTO/Large-Disk-HOWTO.html
http://www.tldp.org/HOWTO/Large-Disk-HOWTO.html

Linux Partition HOWTO

[ usr This is where most executable binaries go. In addition, the kernel source tree goes here, and
much documentation.

/tmp  Some programs write temporary data files here. Usually, they are quite small. However, if
you run computationally intensive jobs, like science or engineering applications, hundreds of
megabytes could be required for brief periods of time. In this case, keep /tmp in adifferent par-
titionthan /.

/ honme Thisiswhere users home directories go. If you do not impose quotas on your users, this ought
to bein its own partition.

/ boot Thisiswhere your kernel images go. See discussion above for placement on old systems.

File lifetimes and backup cycles as partitioning criteria

With ext2, partitioning decisions should be governed by backup considerations and to avoid external frag-
mentation the section called “ Some facts about file systems and fragmentation” from different file life-
times.

Files have lifetimes. After a file has been created, it will remain some time on the system and then be
removed. Filelifetime varies greatly throughout the system and is partly dependent on the pathname of the
file. For example, filesin/ bi n,/ sbi n,/ usr/ sbi n,/ usr/ bi n and similar directories are likely to
have avery long lifetime: many months and above. Filesin/ hone are likely to have a medium lifetime:
several weeks or so. Filein/ var are usualy short lived: Almost no filein/ var/ spool / news will
remain longer than afew days, filesin/ var / spool / | pd measure their lifetime in minutes or less.

For backup itisuseful if theamount of daily backup issmaller than the capacity of asingle backup medium.
A daily backup can be a compl ete backup or an incremental backup.

Y ou can decide to keep your partition sizes small enough that they fit completely onto one backup medium
(choose daily full backups). In any case a partition should be small enough that its daily delta (all modified
files) fits onto one backup medium (choose incremental backup and expect to change backup media for
the weekly/monthly full dump - no unattended operation possible).

Y our backup strategy depends on that decision.

When planning and buying disk space, remember to set aside a sufficient amount of money for backup!
Unbackuped data is worthless! Data reproduction costs are much higher than backup costs for virtually
everyone!

For performance it is useful to keep files of different lifetimes on different partitions. This way the short
lived files on the news partition may be fragmented very heavily. This has no impact on the performance
of the/ or/ home partition.

Swap Partitions

How large should my swap space be?
Conventional wisdom creates swap space equal to the amount of RAM.

But keep in mind that thisisjust arule of thumb. It is easily possible to create scenarios where programs
have extremely large or extremely small working sets (see the section called “ Swap Partitions”). For ex-
ample, a simulation program with alarge data set that is accessed in a very random fashion would have
almost no noticeable locality of reference in its data segment, so its working set would be quite large.
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On the other hand, a graphics program with many simultaneously opened JPEGs, all but one iconified,
would have avery large data segment. But image transformations are all done on one single image, most
of the memory occupied by the program is not accessed. The sameis true for an editor with many editor
windows where only one window is being modified at atime. These programs have - if they are designed
properly - avery high locality of reference and large parts of them can be kept swapped out without too
severe performance impact. A user who never quits programs once launched would want a lot of swap
space for the same reason.

Servers typically are configured with more swap space than their desktop counterparts. Even though a
given amount of swap is sufficient for its operations, the server might come under transient heavy loads
which cause it to page out at a high rate. Some administrators prefer this to the server crashing atogether.
In these cases, swap might be several times the size of ram.

How large can my swap space be?

Currently, the maximum size of a swap partition is architecture-dependent. For 1386, m68k, ARM and
PowerPC, it is"officialy" 2Gb. It is 128Gb on alpha, 1Gb on sparc, and 3Tb on sparc64. An opteron on
the 2.6 kernel can writeto a 16 Th swap partition. For linux kernels 2.1 and earlier, the limit is 128Mb.
The partition may be larger than 128 MB, but excess space is hever used. If you want more than 128 MB
of swap for a 2.1 and earlier kernel, you have to create multiple swap partitions (8 max). After 2.4, 32
swap areas are "officially" possible. See setting up swap for details.

footnote: "official" max swap size: With kernel 2.4, the limit is 64 swap spaces at a maximum of 64Gb
each, although thisis not reflected in the man page for mkswap. With the 64 bit opteron on the 2.6 kernel,
128 swap areas are permitted, each awhopping 16 Th! (thanks to Peter Chubb for the calculation)

Where should | put my swap space?

The short answer is anywhere is fine. However, if you are interested in extracting as much speed as pos-
sible, there are two basic strategies (other than buying more RAM).

 Split the swap space across multiple drives, or at least on the drive you write to least.
 Put each swap partition on the outer tracks.
Here are the considerations:

* If you have adisk with many heads and one with less heads and both are identical in other parameters,
the disk with many heads will be faster. Reading data from different heads is fast, since it is purely
electronic. Reading data from different tracksis slow, since it involves physically moving the head.

It follows then that writing swap on a separate drive will be faster than moving the head back and forth
onasingledrive.

» Placement: Older disks have the same number of sectorson all tracks. With these disksit will be fastest
to put your swap in the middle of the disks, assuming that your disk head will move from a random
track towards the swap area.

* Newer disksuse ZBR (zone hit recording). They have more sectors on the outer tracks. With a constant
number of rpms, this yields a far greater performance on the outer tracks than on the inner ones. Put
your swap on the fast tracks. (In general, low-numbered cylinders are associated low partition numbers.
However, see Kristian's more recent comments [http://lissot.net/partition/mapping.html] on this issue.
-Tony)

» Usage: Of course your disk head will not move randomly. If you have swap space in the middle of a
disk between a constantly busy home partition and an almost unused archive partition, you would be
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better of if your swap were near the home partition for even shorter head movements. Y ou would be
even better off, if you had your swap on another otherwise unused disk, though.

e Sriping: Speed can be increased by writing to multiple swap areas simultaneously. Swap spaces with
the same priority will be written to like a RAID. See the section called “Multiple Swap Areas”.

Summary: Put your swap on afast disk with many heads that is not busy doing other things. If you have
multiple disks. Split swap and scatter it over al your disks or even different controllers.

Partitioning with fdisk

This section shows you how to actually partition your hard drive with the fdisk utility. Linux allows only
4 primary partitions. Y ou can have a much larger number of logical partitions by sub-dividing one of the
primary partitions. Only one of the primary partitions can be sub-divided.

Examples:
1. Four primary partitions (see the section called “ Four primary partitions”)

2. Mixed primary and logical partitions (see the section called “Mixed primary and logical partitions”)

fdisk usage

fdisk isstarted by typing (asroot) f di sk devi ce at thecommand prompt. devi ce might be something
like/ dev/ hda or/ dev/ sda (seethe section called “Naming Convention”). The basic fdisk commands
you need are:

p print the partition table

n create a new partition

d delete a partition

g quit without saving changes

wwrite the new partition table and exit

Changes you make to the partition table do not take effect until you issue the write (w) command. Here
is asample partition table:

Di sk /dev/hdb: 64 heads, 63 sectors, 621 cylinders
Units = cylinders of 4032 * 512 bytes

Devi ce Boot Start End Bl ocks Id System
/dev/ hdbl * 1 184 370912+ 83 Linux
/ dev/ hdb2 185 368 370944 83 Linux
/ dev/ hdb3 369 552 370944 83 Linux
/ dev/ hdb4 553 621 139104 82 Linux swap

Thefirst line shows the geometry of your hard drive. It may not be physically accurate, but you can accept
it as though it were. The hard drive in this example is made of 32 double-sided platters with one head
on each side (probably not true). Each platter has 621 concentric tracks. A 3-dimensional track (the same
track on all disks) iscalled acylinder. Each track isdivided into 63 sectors. Each sector contains 512 bytes
of data. Therefore the block size in the partition table is 64 heads * 63 sectors* 512 bytes er...divided by
1024. (See 4 for discussion on problems with this calculation.) The start and end values are cylinders.
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Four primary partitions

The overview:

Decide on the size of your swap space (see the section called “ Swap Partitions’) and where it ought to
go (see the section called “Where should | put my swap space?’). Divide up the remaining space for the
three other partitions.

Example:
| start fdisk from the shell prompt:

# fdi sk /dev/hdb

which indicates that | am using the second drive on my IDE controller. (See the section called “Device
names’.) When | print the (empty) partition table, | just get configuration information.

Command (mfor help): p

Di sk /dev/ hdb: 64 heads, 63 sectors, 621 cylinders
Units = cylinders of 4032 * 512 bytes

| knew that | had a1.2Gb drive, but now | really know: 64 * 63 * 512 * 621 = 1281982464 bytes. | decide
to reserve 128Mb of that space for swap, leaving 1153982464. If | use one of my primary partitions for
swap, that means| have threeleft for ext2 partitions. Divided equally, that makes for 384Mb per partition.
Now | get to work.

Command (mfor help): n
Conmmand acti on
e ext ended
p primary partition (1-4)
p
Partition number (1-4): 1
First cylinder (1-621, default 1):<RETURN>
Using default value 1
Last cylinder or +size or +sizeMor +sizeK (1-621, default 621): +384M

Next, | set up the partition | want to use for swap:

Command (mfor help): n
Command action
e ext ended
p primary partition (1-4)
p
Partition nunber (1-4): 2
First cylinder (197-621, default 197): <RETURN>
Usi ng default val ue 197
Last cylinder or +size or +sizeMor +sizeK (197-621, default 621): +128M

Now the partition table looks like this:
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Devi ce Boot Start End Bl ocks Id System
/ dev/ hdbl 1 196 395104 83 Linux
/ dev/ hdb2 197 262 133056 83 Li nux

| set up the remaining two partitionsthe sameway | did thefirst. Finaly, | makethefirst partition bootable:

Command (m for help): a
Partition nunber (1-4): 1

And | make the second partition of type swap:

Command (m for help): t

Partition nunber (1-4): 2

Hex code (type L to list codes): 82

Changed systemtype of partition 2 to 82 (Linux swap)
Command (mfor help): p

The end result:

Di sk /dev/ hdb: 64 heads, 63 sectors, 621 cylinders
Units = cylinders of 4032 * 512 hytes

Devi ce Boot Start End Bl ocks Id System
/dev/ hdbl * 1 196 395104+ 83 Linux
/ dev/ hdb2 197 262 133056 82 Linux swap
/ dev/ hdb3 263 458 395136 83 Linux
/ dev/ hdb4 459 621 328608 83 Linux

Finally, | issue the write command (w) to write the table on the disk.
Sidetopics:

» the section called “Activating Swap Space”

* the section called “ Formating Partitions’

* the section called “Mounting Partitions’

Mixed primary and logical partitions

The overview: create one use one of the primary partitions to house all the extra partitions. Then create
logical partitionswithin it. Create the other primary partitions before or after creating the logical partitions.

Example:

| start fdisk from the shell prompt:

# fdi sk /dev/sda
which indicatesthat | am using thefirst drive on my SCS| chain. (Seethe section called “ Device names’.)

First | figure out how many partitions | want. | know my drive has a 183Gb capacity and | want 26Gb
partitions (because | happen to have back-up tapes that are about that size).

13
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183G / 26Gh = ~7

so | will need 7 partitions. Even though fdisk accepts partition sizes expressed in Mb and Kb, | decide to
calculate the number of cylinders that will end up in each partition because fdisk reports start and stop
pointsin cylinders. | see when | enter fdisk that | have 22800 cylinders.

The nunber of cylinders for this disk is set to 22800. There is
nothing wong with that, but this is larger than 1024, and could in
certain setups cause problens with: 1) software that runs at boot
time (e.g., LILO 2) booting and partitioning software from ot her
0CSs (e.g., DOs FDI SK, Os/2 FDI SK)

V VV VYV

So, 22800 total cylinders divided by seven partitionsis 3258 cylinders. Each partition will be about 3258
cylinderslong. | ignore the warning msg because thisis not my boot drive (the section called “ Partitioning
requirements’).

Since | have 4 primary partitions, 3 of them can be 3258 long. The extended partition will haveto be (4 *
3258), or 13032, cylinderslong in order to contain the 4 logical partitions.

| enter the following commands to set up the first of the 3 primary partitions (stuff | typeisbold ):

Command (mfor help): n
Command action
e ext ended
p primary partition (1-4)
p
Partition nunber (1-4): 1
First cylinder (1-22800, default 1): <RETURN>
Using default value 1
Last cylinder or +size or +sizeMor +sizeK (1-22800, default 22800): 3258

The last partition is the extended partition:

Partition number (1-4): 4

First cylinder (9775-22800, default 9775): <RETURN>

Usi ng default val ue 9775

Last cylinder or +size or +sizeMor +sizeK (9775-22800, default 22800): <RETURN>
Usi ng default val ue 22800

Theresult, when | issue the print table command is:

/ dev/ sdal 1 3258 26169853+ 83 Linux
/ dev/ sda2 3259 6516 26169885 83 Linux
/ dev/ sda3 6517 9774 26169885 83 Linux
/ dev/ sda4 9775 22800 104631345 5 Extended

Next | segment the extended partition into 4 logical partitions, starting with the first logical partition, into
3258-cylinder segments. The logical partitions automatically start from /dev/sdab.

Command (mfor help): n
First cylinder (9775-22800, default 9775): <RETURN>
Usi ng default val ue 9775
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Last cylinder or +size or +sizeMor +sizeK (9775-22800, default 22800):

Theend result is;

Devi ce Boot Start End Bl ocks Id System
/ dev/ sdal 1 3258 26169853+ 83 Linux
/ dev/ sda2 3259 6516 26169885 83 Li nux
/ dev/ sda3 6517 9774 26169885 83 Linux
/ dev/ sda4d 9775 22800 104631345 5 Extended
/ dev/ sda5 9775 13032 26169853+ 83 Linux
/ dev/ sda6 13033 16290 26169853+ 83 Linux
/ dev/ sda7 16291 19584 26459023+ 83 Linux
/ dev/ sda8 19585 22800 25832488+ 83 Linux

Finally, | issue the write command (w) to write the table on the disk. To make the partitions usable, |
will have to format (the section called “ Formating Partitions”) each partition and then mount (the section
called “Mounting Partitions”) it.

Submitted Examples

I'd like to submit my partition layout, because it works well with any distribution of Linux (even big RPM
based ones). | have one hard drive that ... is 10 gigs, exactly. Windows can't see above 9.3 gigs of it, but
Linux can seeit all, and useit all. It also has much more than 1024 cylenders.

Table 7. Partition layout example

Partition Mount point Size
/dev/hdal /boot (15 megs)
/dev/hda2 windows 98 partition (2 gigs)
/dev/hda3 extended (N/A)
/dev/hdab swap space (64 megs)
/dev/hda6 /tmp (50 megs)
/dev/hda7 / (150 megs)
/dev/hda8 Jusr (1.5gigs)
/dev/hda9 /home (rest of drive)

| test new kernels for the USB mass storage, so that explains the large /boot partition. | install LILO into
the MBR, and by default | boot windows (I'm not the only one to use this computer).

| also noticed that you don't have any REAL examples of partition tables, and for newbies | HIGHLY
suggest putting quite afew up. I'm freshly out of the newbie stage, and partitioning was what messed me
up the most.

Vakor [mailto:valkor@qgx.net]

Labels

Inlinux, hard drives are referred to as devices, and devices are pseudo filesin/ dev. For example, thefirst
partition of the second lowest numbered SCSI driveis/ dev/ sdbl. If the drive referred to as/ dev/
sda isremoved from the chain, then the latter partition is automatically renamed / dev/ sdal at reboot.
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Volume Labels

Volume labels make it possible for partitions to retain a consistent name regardless of where they are
connected, and regardless of whatever else is connected. Labels are not mandatory for a linux volume.
Each can be a maximum of 16 characters long.

There are three tools to make volume labels: mke2fs, tune2fs and e2label.

Simple Invocation
e2label / dev/ hdbl pubsw
tune2fs-L pubsw/ dev/ hdbl

Either of thse two commands will label the first partition of the second drive "pubsw”. That label stays
with that particular partition, even if the drive is moved to another controller or even another computer.

mke2fspubsw/ dev/ hdbl
mke2fs-L pubsw/ dev/ hdbl

will do the same thing as the first two commands - after they make the file system. This means that either
of these last two commands will delete any existing datain the partition.

How to Use

Hereisasample fstab. Thisis atext file located in /etc, which is usually set up during the installation of
the operating system. it describes where each partition wil be mounted, and how it will be mounted. It can
be modified by you, either through a utility or manually, when you add/remove devices.

LABEL=/ / ext 3 defaul ts 11

LABEL=/ boot / boot ext 2 defaul ts 12

none / dev/ pts devpts gid=5,nmde=620 0 O

none / dev/ shm t npfs defaults 00

LABEL=HOVE / horre ext 3 defaul ts 12

none / proc proc defaults 00

none / sys sysfs defaults 00

LABEL=/ usr [ usr ext 3 defaul ts 12

/ dev/ hdc1l / k- space ext 3 defaults 12

/ dev/ hda6 swap swap defaults 00

/ dev/ hdd / medi a/ cdr ecor der aut o pantonsol e, r 0, exec, noaut o, nanaged 0 0
/ dev/ fdO / medi a/ f | oppy aut o pantonsol e, exec, noaut o, neanaged 0 0

The leftmost column lists devices and the second column lists mount points. This example contains a
mixture of devicesand labels. The master drive of the second controller isalwaysmounted on/ k- space.
The partition labeled "HOME" is always mounted on / horme, regardless of which driveit is on or which
partition number it has. Notice that it is permissible to use mount points as labels, such as"/usr™

Device Labels

devlabel is ascript which creates symbolic links to devices. For example,

devlabel -d/ dev/ hdbl -s/ dev/ hone
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will create alink from/ dev/ hdb1 to/ dev/ home. Cruciadly, it stores a unique identifier for the hard-
warethat wason/ dev/ hdb1 and storesthat identifier along with the link name that you specified in /etc/
sysconfig/devlabel. If the hardware is later moved to / dev/ hdc1, its unique identifier will be queried
(using /usr/bin/partition_uuid), matched to its entry in /etc/sysconfig/devlabel, and again linked to/ dev/
hore.

Formatting an ext2/3 partition

When a hard drive is partitioned, it is mapped into sections, but the sections are empty. It islike a newly
constructed library; shelves, signs, and a card catalogue system must be put in place before the books are
put away.

The organizational structureinside a partition is called afile system. With Linux, the standard file system
isext2 and ext3. The ext3 file system isext2, plusalog of disk writescalled ajournal. Thejournal allows
the system to recover quickly from accidental power outages, among other things.

The principal tool for making an ext2/3 file system in a partition ismke2fs. It isusually found in/ sbi n.
mkfs.ext2 and mkfs.ext3 are frontends which pass specific options to mke2fs.

Simple Invocation

mke2fs/ dev/ hdb1l

mkfs.ext2/ dev/ hdbl

both of which make an ext2 file system on the first partition of the second drive, and
mke2fs-j / dev/ hdbl

mkfs.ext3/ dev/ hdb1l

make an ext3 file system.

Reserved blocks

The -m option is probably the one of most use to non-experts. If the file system becomesfilled and there
iS no more space to write, it is basically unusable because the operating system is constantly writing to
disk. By default, five percent of the partition is reserved for use by the root user. This allows root to
conduct administrative activities on the partition and perhaps move some data off. However, thisis most
critical when the partition contains / or home directories. For pure data partitions, thisis just lost space.
Five percent of a 250Gb partition is 12.5 Gb. Especialy in the case of large partitions, it is safe to set the
reserved space to the minimum, which is one percent.

mkfs.ext3-m 1/ dev/ hdb1l

creates afile system with only 1% of its space reserved for the root user. tune2fs -m can be used to adjust
the reserved blocks after datais loaded on the partition.

Recovering a Deleted Partition Table

Below are instructions for manually recovering a deleted partition table. There are utilities such as gpart
[http://www.stud.uni-hannover.de/user/76201/gpart] or TestDisk [http://www.cgsecurity.org/index.html?
testdisk.html] which can make thistask considerably easier. If you are reading this, however, because you
have run out of luck, thisiswhat you will have to do:
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1. Makeapartitionthat isat |east asbig asyour first partition was. Y ou can makeit larger than the original
partition by any amount. If you underestimate, there will be much wailing and gnashing of teeth.

Command (mfor help): n
Comand action
e ext ended
p primary partition (1-4)
p
Partition nunber (1-4): 1
First cylinder (1-23361, default 1): <RETURN>
Using default value 1
Last cylinder or +size or +sizeMor +sizeK (1-22800, default 22800): 13032

Command (mfor help): w
2. Run dumpe2fs on the first partition and grep out the block count.
Example:

% dunpe2fs /dev/sdal | grep "Block count:"
Bl ock count: 41270953

If you are uncertain about this value, repeat Step 1 with a bigger partition size. If the block count
changes, then you underestimated the size of the original partition. Repeat Step 1 until you get a stable
block count.

3. Remove the partition you just created

Command (m for help): d
Partition nunber (1-4): 1

4. Make a new partition with the exact size you got from the block count. Since you cannot enter block
sizein fdisk, you need to figure out how many cylindersto request. Here is the formula:

(number of needed cylinders) = (nunber of blocks) / (block size)
(block size) = (unit size) / 1024

(unit size) = (number of heads) * (nunmber of sectors/cylinder) * (nunber of by
Consider the following example, where a hard drive has been partitioned into four primary partitions
of 1, 2, 4, and 8 cylinders.

di sk /dev/sda: 16 heads, 63 sectors, 23361 cylinders
Units = cylinders of 1008 * 512 hytes

Devi ce Boot Start End Bl ocks Id System
/ dev/ sdal 1 2 976+ 83 Linux
/ dev/ sda2 3 5 1512 83 Linux
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/ dev/ sda3 6 10 2520 83 Linux
/ dev/ sda4 11 19 4536 83 Linux

fdisk provides the configuration information | need in the head of the output. The unit sizeis516096
(16 heads* 63 sectorg/cyl * 512 bytes/sector ). The block sizeis504 (516096 / 1024 ). The
number of needed cylindersfor the second partitionistherefore3 (1512 blocks/ 504 ). Thepartition
table shows that this is indeed the case: the first cylinder is 3, the second 4, and the last is 5, for a
total of three cylinders. The number of needed cylinders for the third partition is calculated similarly:
2520 blocks/ 504 = 5, which correspondsto blocks 6, 7, 8, 9, 10 . Notice that this calculation
does not work for the first partition because the block count iswrong ( 976 instead of 1008 ). The
plus sign indicates that not all the blocks are included in the fdisk value. When you try the calculation
(976 / 504 ) youget1l. 937. Knowing that the number of cylinders must be an integer, you can
simply round up.

5. Run e2fsck onit to verify that you can read the new partition.
6. Repeat Steps 1-5 on remaining partitions.
Remount your partitions. Amazingly, al of your datawill be there.

Credit goesto: Mike Vevea, jedi sys admin, for providing the basic strategy.
Setting Up Swap Space

Swap Files

Normally, there are only two steps to setting up swap space, creating the partition and adding it to /etc/
fstab. A typical fstab entry for a swap partition at /dev/hda6 would look like this:

/ dev/ hda6 swap swap defaults 0 O

The next time you reboot, the initialization scripts will activate it automatically and there's nothing more
to be done.

However, if you want to make use of it right away, you'll need to activate it maually. Asroot, type:

nkswap -f /dev/hda6
swapon /dev/ hda6

Swap Files

There might be times when you've run out of swap space and it is not practical to repartition a drive or
add anew one. In this case, you can use aregular filein an ordinary partition. All you haveto do is create
afile of the size you want

dd if=/dev/zero of=/var/my_swap bs=1024 count =131072

and activate it

nkswap -f /var/ny_swap
swapon /var/ nmy_swap
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Thisinvocation createsafilecaledmy _swapin/ var . ltis128 Mblong (128 x 1024 = 131072). Initially,
it isfilled with zeros. However, mkswap marksit as swap space and swapon tells the kernel to start using
it as swap space. When you are done with it,

swapoff /var/my_swap
rm/var/ my_swap

Multiple Swap Areas

More than one swap partition can be used on the same system. Consider an example fstab where there
isasingle swap partition:;

/ dev/ hda5 / ext 3 defaults 11
/ dev/ hdal / boot ext 2 defaults 12
none /dev/ pts devpts gi d=5, node=620 0 O
none / proc proc defaults 00
/ dev/ hda7 [ usr ext 3 defaults 12
/ dev/ hda6 swap swap defaults 00

Imagine replacing the entry for the swap partition with these three lines:

/ dev/ hda6 none swap sw, pri =3 00
/ dev/ hdb2 none swap sw, pri =2 00
/ dev/ hdc2 none swap sw, pri=1 00

This configuration would cause the kernel to use /dev/hdab first. it has the highest priority assigned to it
(pri=3). The maximum priority can be 32767 and the lowest 0. If that space were to max out, the kernel
would start using /dev/hdb2, and on to /dev/hdc2 after that. Why such a configuration? Imagine that the
newest (fastest) drives are given the highest priority. This will minimize speed loss as swap space usage
grows.

It is possible to write to al three simulataneously. If each has the same priority, the kernel will write to
them much like a RAID, with commensurate speed increases.

/ dev/ hda6 none swap sw, pri =3 0 0
/ dev/ hdb2 none swap sw, pri =3 0 0
/ dev/ hdc2 none swap sw, pri =3 0 0

Notice that these three partitions are on separate drives, which isideal in terms of speed enhancement.
Appendix

Formating Partitions

At the shell prompt, | begin making the file systems on my partitions. Continuing with the examplein (see
the section called “Mixed primary and logical partitions’), thisis:

# nke2fs /dev/sdal
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| need to do thisfor each of my partitions, but not for / dev/ sda4 (my extended partition). Linux supports
types of file systems other than ext2. You can find out what kinds your kernel supports by looking in: /
usr/src/linux/include/linux/fs.h

The most common file systems can be madewith programsin/ sbi n that start with "mk" like mkfs.msdos
and mke2fs.

Activating Swap Space

To set up aswap partition:

# nkswap -f /dev/hdab

To activate the swap area:

# swapon /dev/hdab

Normally, the swap areais activated by the initialization scripts at boot time.

Mounting Partitions

Mounting a partition means attaching it to the linux file system. To mount a linux partition:

# mount -t ext2 /dev/sdal /opt

-t ext2 File system type. Other types you are likely to use are:
e ext3 (journaling sile system based on ext2)
* msdos (DOS)
 hfs(mac)
« 509660 (CDROM)
« nfs(network file system)

/dev/sdal Device name. Other device namesyou are likely to use:
e [/ dev/ hdb2 (second partition in second IDE drive)
e [/ dev/ fdO (floppy drive A)
e / dev/ cdr om(CDROM)

/opt mount point. Thisis where you want to "see" your partition. When you typel s / opt,
you can see what isin / dev/ sdal. If there are already some directories and/or files
under / opt , they will beinvisible after this mount command.

Some facts about file systems and fragmentation

Disk space is administered by the operating system in units of blocks and fragments of blocks. In ext2,
fragments and blocks have to be of the same size, so we can limit our discussion to blocks.
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Files come in any size. They don't end on block boundaries. So with every file a part of the last block of
every fileiswasted. Assuming that file sizes are random, there is approximately a half block of waste for
each file on your disk. Tanenbaum calls this"internal fragmentation" in his book "Operating Systems".

Y ou can guess the number of files on your disk by the number of allocated inodes on adisk. On my disk

# df -i

Fil esystem | nodes | Used | Free 9% Used Mounted on
/ dev/ hda3 64256 12234 52022 19% /

/ dev/ hda5 96000 43058 52942 45% /[var

there are about 12000 files on / and about 44000 fileson / var . At a block size of 1 KB, about 6+22
= 28 MB of disk space are lost in the tail blocks of files. Had | chosen a block size of 4 KB, | had lost
4 times this space.

Data transfer is faster for large contiguous chunks of data, though. That's why ext2 tries to preallocate
space in units of 8 contigous blocks for growing files. Unused preallocation is released when the file is
closed, so no space is wasted.

Noncontiguous placement of blocks in afile is bad for performance, since files are often accessed in a
seguential manner. It forces the operating system to split a disk access and the disk to move the head. This
iscalled "external fragmentation™ or simply "fragmentation” and isacommon problem with MS-DOSfile
systems. In conjunction with the abysmal buffer cache used by MS-DOS, the effects of file fragmentation
on performance are very noticeable. DOS users are accustomed to defragging their disks every few weeks
and some have even developed some ritualistic beliefs regarding defragmentation.

None of these habits should be carried over to Linux and ext2. Linux native file systems do not need
defragmentation under normal use and thisincludes any condition with at least 5% of free space on adisk.
Thereisadefragmentation tool for ext2 called defrag, but users are cautioned against casual use. A power
outage during such an operation can trash your file system. Since you need to back up your data anyway,
simply writing back from your copy will do the job.

The MS-DOSfile system is also known to lose large amounts of disk space due to internal fragmentation.
For partitions larger than 256 MB, DOS block sizes grow so large that they are no longer useful (This has
been corrected to some extent with FAT32). Ext2 does not force you to choose large blocks for large file
systems, except for very large file systemsin the 0.5 TB range (that's terabytes with 1 TB equaling 1024
GB) and above, where small block sizes become inefficient. So unlike DOS there is no need to split up
large disks into multiple partitions to keep block size down.

Use a1Kb block size if you have many small files. For large partitions, 4Kb blocks are fine.
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