
CSIS0230APrinciple of Operating Systems(ClassA)
Notesfor Tutorial 10
The ext2Filesystems

For sometime,Linux distributionsusetheext2 filesystemto storeall its filesby default. Over
theyears,differentfeatureshave beendesignedfor ext2, andthereis no signext2 will become
extinct in thenearfuture. Thisisespeciallytrueaftertherecentadditionof journalingcapability
to thefilesystem(notdiscussedhere).

1. Creatinga filesystem

To createan ext2 filesystem,one uses/sbin/mke2fs. It should be invoked as mke2fs
[options] device-file. Here device-fileshouldbe a block device to hold the filesystem,e.g.,
/dev/hda3. You cangive it a normalfilenameif you like,althoughmke2fs will give you a
warning. Thereareseveralimportantoptionsthatyoushouldknow:

• -c: Checkfor badblocksbeforecreatingthefilesystem.

• -b:Specifytheblocksize.Normallytheblocksizeis1024. Otherpossiblevaluesare2048
and4096. If youexpectfilesto belarger, thenthisnumbershouldalsobelarger.

• -i <bytes-per-inode>: Whentheext2 filesystemis created,someblocksareallocatedfor
useasinodes.Oncethefilesystemis created,thenumbercannotbechanged.By default,
oneinodeis createdper4096bytesof device-file. Soif youcreatea1Gfilesystem,1G/ 40
96 = 262144 inodesareallocated,andthusthefilesystemcancontainatmostthatnumber
of files,symboliclinks,devices,fifos,socketsanddirectories.

Otheroptionsaredescribedin themanpageof mke2fs.

2. Mounting and unmounting a filesystem

To usea filesystem,it mustbe mounted.The root filesystemis mountedwhenthe kernel is
booted,whichisspecifiedin theLILO bootloader(i.e.,in lilo.conf. Otherfilesystemscanbe
mountedinto any mounteddirectories,usingthemount command:

mount <device-file><mount-point>

For example,if you have createdanext2 filesystemin /dev/hda5 andwant to useit asyour
/usr, youwill typemount /dev/hda5 /usr. To reversethechange,youshoulduse

umount <mount-point>

However, thisworksonly if thereis currentlyno programsusingany file within thefilesystem.
Youcanlist all processesusingaparticularfilesystemby usingthefuser utility, like

fuser -m <mount-point>

Thisliststheprocess-id’sof all theprocessesusingthemountpoint,sothatyoucanselecttokill
themto clearthewayfor umount.

3. Overall layout

Pleasereferto thelecturenotesp.10.15to seetheoverall layoutof anext2 filesystem.
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4. The superblock

Thesuperblockis theveryfirst thingwithin thefilesystem.It is locatedatblock1,secondonly
to thebootblock. It containscontrolinformationaboutthewholefilesystem.Hereis thelayout
of thesuperblock:

0x0-0x1 0x2-0x3 0x4-0x5 0x6-0x7 0x8-0x9 0xA-0xB 0xC-0xD 0xE-0xF

0x00 Inodecount Block count Reservedblock Freeblockcount

0x01 Freeinodecount Firstdatablock log blocksize log fragsize*

0x02 Block pergroup *Fragpergroup Inodepergroup Mount time

0x03 Write time Mountcount Max mount Signiture FSstate Errorbehavior

0x03 Lastchecktime Max timeto check Otherinfo, padding

Somefield needsspecialattention:Thelog block sizeis definedasthebase-2logarithmof the
block size,in 1024-bytesunit. Sothepermissiblevaluesare0, 1and2, with thedefault being
0 (i.e.,1024bytes). All thetime fieldsarethestandardUnix representationof time,i.e., in the
numberof secondsafterUTC Jan112:00amhaspassed.

In theold (kernel2.0.x or before)ext2 filesystem,superblockscanbe found in the beginning
of all blockgroups,asbackupcopies.Thesebackupcopiesareupdatedwheneveranfilesystem
checkis done(by e2fsck). In newer versions,only someblock groupshave superblock(and
groupdescriptors,seebelow) attached.Thisreducesfilesystemchecktime,andalsothestorage
usedfor the redundantinformation. Whenthe filesystemis created,thoseblockscontaining
a backupsuperblockandgroupdescriptorsareprintedto thescreen.Thesecondblock group
alwayshasa backupcopy, usuallyat block 8193(if the block sizeis 1k). If your filesystem
breaksseriouslydueto animpropershutdown,andmostinformationaboutthedisk arewrong,
fsckwill suggestyouto usethatbackupsuperblockandgroupdescriptors.

5. Block groups and group descriptors

The disk is divided into multiple block groups,so that eachblock group hasa free block
bitmapthatcanbeheldwithin oneblock. For example,if theblock sizeis 1024byte,thereare
8 × 1024 = 8192 bitsperblock,eachblock groupis thusof size8192blocks,eachrepresented
by abit in thefreeblockbitmap. Thebit is 1if theblock is free,and0 if otherwise.

Informationaboutablockgroupis heldin agroupdescriptor. It hasthefollowing format:

0x0-0x1 0x2-0x3 0x4-0x5 0x6-0x7 0x8-0x9 0xA-0xB 0xC-0xD 0xE-0xF

0x00 Block bitmapblock Inodebitmapblock Inodetableblock # Freeblocks # Freeinodes

0x01 # Directory Reserved

Sothegroupdescriptorgivesaneasyway for thekernelto know thecurrentnumberof blocks
andinodesavailableandused,for thepurposeof balancingtheloadingof thegroups(i.e.,how
many filesanddirectoriesarewithin eachgroup). It alsokeepstheblock numbersat which the
bitmapsandtablesarestored.As a rule,block numbermeansthenumberof blocksfrom the
beginningof thepartition,not thegroup.

All block groupdescriptorsarepacked into one(or a few) blocksat thebeginningof thefirst
group,right after thesuperblock(i.e.,at block 2). Like thesuperblock,backupcopiescanbe
foundin someof thelatergroups.
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6. Inode map and inode table

Eachfile hasaninodeassociated,toholdall informationaboutthefile (exceptitsfilename,which
is heldasdirectorydata).An inodeis a 128-bytestructure,soeach1024-byteblock canhold 8
of them,andlargerblockscanholdmore. Theinformationstoredincludes:

• Thefile type(i.e.,plainfile, directory, symboliclink, etc.)

• Permissioninformation(uid,gid,file mode)

• File times(access,creation,modificationanddeletiontime)

• File size

• Numberof hard-linksto theinode

• Theblocknumbersof its first 12blocksof file data(directblocks).

• Theblocknumberof its indirect,doubleindirectandtriple indirectblocks

Inodesspreadevenlyacrossall block groups.For example,if youhavea 1Gdisk of block size
1k,eachblockgroupwill beof size8192blocks,sotherewill be1G/ 8192k = 128 blockgroups.
As wehaveseen,if standardratioof 4k perinodeis used,therewill be262144inodes,andeach
block groupwill hold 2048of them,in 2048/ 8 = 256 blocks. They areheldbeforethedata
blocksof eachgroup.

Like datablocks,it is necessaryto know whetheran inodeis free or not. This is again done
usingbitmaps. Eachgrouphasoneblock sparedfor inodebitmap,althoughtypically not all
bitmapsarefilled. In theabove example,we only have 262144inodes,soonly 262144/ 8192
= 32 blocksareneeded.Soinodebitmapsof theremaining256 − 32 = 224 block groupsare
actuallyempty.

7. Directory entries

An ext2 directoryentryis verysimple. It is of variablesize,but thesizeis alwaysa multipleof
4 to makealignmenteasy.

0x0-0x1 0x2-0x3 0x4-0x5 0x6-0x7 0x8-0x9 0xA-0xB 0xC-0xD 0xE-0xF

0x00 Inodenumber Entry length Namelength Filename(variablelength)


