Ext2:
Ext2 är den mest kända, användbara, ”extensible” och kraftfullaste filsystemet i Linux. Ext2 bygger som så många andra filsystem på att datafiler lagras i block. Dessa block har samma längd och storleken sätts när filsystemet skapas med kommandot ”mke2fs”. Linux och många andra operativsystem använder sig av en relativt ineffektiv skivminnesanvänding för att reducera arbetet för CPU:n. I Ext2 defineras filsystems topologin genom att beskriva varje fil i systemet med en inode data struktur. En inode beskriver vilka block av data i en fil som används, rättigheterna på filen, när filen ändrades senast, typ av fil. Varje fil har en unik inode som i sin tur identifieras av ett unikt nummer. Man lagrar dessa noder i en inode tabell. Kataloger är speciella filer som innehåller pekare till inoderna där entiterna (innnehåll) finns.
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Figur x.x visar Ext2’s filsystems layout som upptar serier av block i en block strukturerad enhet. Filsystemet behöver inte bry sig om var på skivminnet blocket ska ligga, det ska enhetens drivrutiner fixa. När ett Ext2 filsystem skapas delar den in den logiska partitionen i block grupper. Dessa tillsammans med en bitmap som tillåter systemet att hålla reda på vilka spår som är allokerade och icke allokerade inoder.
Ext2 Inode:

Figur x.x.2 visar formatet av en Ext2’s inode, tillsammans med annan informaton och den viktigaste fält är följande:

· Mode – Håller 2 typer av information, vad inoden beskriver och rättigheterna användaren har till den. För Ext2 kan inoden beskriva en fil, katalog, symbolisk länk, block enhet eller FIFO.

· Owner Information – Användar och grupprättigheter av ägaren för filen eller katalogen.

· Size – Storleken av filen i bytes.

· Timestamps – Tiden Inoden var skapad och sista gången den var modifierad.
· Datablocks – Pekare tilll block som innehåller data som en speciell Inode beskriver. De första tolv är pekare till fysiska blocken som innehåller data beskrivet av en Inode och de 3 sista pekarna innehåller mer nivåer av ”indirection”.
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figur x.x.2
Ext2 Inoder kan också beskriva speciella enhetsfiler (t ex dev/hda1). Dessa är inte riktiga filer men handhar programmen så dom kan använda enheterna. Alla enhetsfiler i /dev katalogen är där för att tillåta programmen att få tillgång till Linux enheterna. Kommandot ”mount” tar ett argument som den önskar att montera och tillslut använda. För att använda nya filsystem måste man alltid använda ”mount”, mer om detta under VFS.

Ext2 Superblock ?
Ext2 Grupp beskrivare ?

Ext3:

Ext3 har fått en hel del kritik för att den delar många problem med sin föregångare, bl.a. dålig prestanda vid stora filer. Ext3 är i själva verket bakåtkompatibelt med ext2, det vill säga man kan montera en ext3-partition som ext2. Journalförande filsystem, konkurrerar med t.ex reiserFS

Ett loggande filsystem (eller journalfilsystem) är ett filsystem där alla förändringar i filsystemet (inoderna, inte i filinnehållet) skrivs till en logg, så att man efter en systemkrasch kan försäkra sig om att filträdet är intakt. Det äldre alternativet är att efter varje systemkrasch köra ett program (under Unix vanligen fsck - file system check) som går igenom hela filträdet, vilket tar en enorm tid. 

Olika loggande filsystem: 

· AdvFS 

· AFS 

· BeFS? - för BeOS 

· Ext3 - för Linux 

· HFS+ - från och med Mac OS X 10.2.2 

· JFS? - för AIX från IBM, nu även för Linux 

· JFFS2 - för Compact Flash-minnen 

· ReiserFS - för Linux 

· GFS? Global File System - ett loggande klusterfilsystem? för Linux från Sistina? 

· GPFS? General Parallel File System - ett loggande klusterfilsystem? för Linux från IBM 

· XFS - för Linux från SGI 

· NTFS för Windows NT och nyare Microsoft-OS 

Virtuella Filsystemet (VFS):
Figuren x.x.3 beskriver relationen mellan Linuxkärnans VFS och den riktiga filsystemet. Det virtuella filsystemet måste kunna hantera olika filsystem som är monterade vid vilken tid som helst. För att göra detta måste den bibehålla data strukturer som beskriver hela (virtuella) filsystemet och den riktiga monterade filsystemet. VFS fungerar konstigt nog ungefär som Ext2 när det gäller superblock och inoder men det finns självklart en hel del olikheter.
När varje filsystem är initialiserad så registreras den med VFS. Det händer när operativsystemet initsierar sig själv vid system start. Den riktiga filsystemet är antingen byggt i kärnan sig självt eller byggd som laddningsbara moduler. När en block baserat filsystem är monterat (inkluderat root fil systemet) så måste VFS läsa dens superblock. Varje filsystems superblocks typ läs rutin måste fungera ihop med filsystemtes topologi och mappa informationen i ett VFS data superblock struktur. VFS har en lista där alla monterade filsystem tillsammans med VFS superblock. Varje superblock innehåller information och pekare till rutiner som utför speciella funktioner. Exempel är superblocket som representerar ett monterat Ext2 filsystem innehåller en pekare till Ext2’s specifika inode läs rutin. 
Filsystemets moduler laddas bara när systemet behöver dom, t.ex när VFAT’s filsystem är implementerad som en kärnmodul då laddas den endast när VFAT’s filsystem är monterat. När en block baserat filsystem är monterat (root filsystem) måste VFS läsa dens superblock. Varje filsystems superblocks läs rutin måste kunna läsa filsystemets topologi och mapp informationen i VFS superblocks data struktur. VFS håller reda på listan av monterade filsystem tillsammans med dens VFS superblock. Varje superblock innehåller information och pekare som  
File System modules are loaded as the system needs them, so, for example, if the VFAT file system is implemented as a kernel module, then it is only loaded when a VFAT file system is mounted. When a block device based file system is mounted, and this includes the root file system, the VFS must read its superblock. Each file system type's superblock read routine must work out the file system's topology and map that information onto a VFS superblock data structure. The VFS keeps a list of the mounted file systems in the system together with their VFS superblocks. Each VFS superblock contains information and pointers to routines that perform particular functions. So, for example, the superblock representing a mounted EXT2 file system contains a pointer to the EXT2 specific inode reading routine. This EXT2 inode read routine, like all of the file system specific inode read routines, fills out the fields in a VFS inode. Each VFS superblock contains a pointer to the first VFS inode on the file system. For the root file system, this is the inode that represents the ``/'' directory. This mapping of information is very efficient for the EXT2 file system but moderately less so for other file systems. 

As the system's processes access directories and files, system routines are called that traverse the VFS inodes in the system. 

For example, typing ls for a directory or cat for a file cause the the Virtual File System to search through the VFS inodes that represent the file system. As every file and directory on the system is represented by a VFS inode, then a number of inodes will be being repeatedly accessed. These inodes are kept in the inode cache which makes access to them quicker. If an inode is not in the inode cache, then a file system specific routine must be called in order to read the appropriate inode. The action of reading the inode causes it to be put into the inode cache and further accesses to the inode keep it in the cache. The less used VFS inodes get removed from the cache. 

All of the Linux file systems use a common buffer cache to cache data buffers from the underlying devices to help speed up access by all of the file systems to the physical devices holding the file systems. 

This buffer cache is independent of the file systems and is integrated into the mechanisms that the Linux kernel uses to allocate and read and write data buffers. It has the distinct advantage of making the Linux file systems independent from the underlying media and from the device drivers that support them. All block structured devices register themselves with the Linux kernel and present a uniform, block based, usually asynchronous interface. Even relatively complex block devices such as SCSI devices do this. As the real file systems read data from the underlying physical disks, this results in requests to the block device drivers to read physical blocks from the device that they control. Integrated into this block device interface is the buffer cache. As blocks are read by the file systems they are saved in the global buffer cache shared by all of the file systems and the Linux kernel. Buffers within it are identified by their block number and a unique identifier for the device that read it. So, if the same data is needed often, it will be retrieved from the buffer cache rather than read from the disk, which would take somewhat longer. Some devices support read ahead where data blocks are speculatively read just in case they are needed. 

The VFS also keeps a cache of directory lookups so that the inodes for frequently used directories can be quickly found. 

As an experiment, try listing a directory that you have not listed recently. The first time you list it, you may notice a slight pause but the second time you list its contents the result is immediate. The directory cache does not store the inodes for the directories itself; these should be in the inode cache, the directory cache simply stores the mapping between the full directory names and their inode numbers. 

9.2.1  The VFS Superblock

Every mounted file system is represented by a VFS superblock; amongst other information, the VFS superblock contains the: 

Device 

This is the device identifier for the block device that this file system is contained in. For example, /dev/hda1, the first IDE hard disk in the system has a device identifier of 0x301, 

Inode pointers 

The mounted inode pointer points at the first inode in this file system. The covered inode pointer points at the inode representing the directory that this file system is mounted on. The root file system's VFS superblock does not have a covered pointer, 

Blocksize 

The block size in bytes of this file system, for example 1024 bytes, 

Superblock operations 

A pointer to a set of superblock routines for this file system. Amongst other things, these routines are used by the VFS to read and write inodes and superblocks. 

File System type 

A pointer to the mounted file system's file_system_type data structure, 

File System specific 

A pointer to information needed by this file system, 

9.2.2  The VFS Inode

Like the EXT2 file system, every file, directory and so on in the VFS is represented by one and only one VFS inode. 

The information in each VFS inode is built from information in the underlying file system by file system specific routines. VFS inodes exist only in the kernel's memory and are kept in the VFS inode cache as long as they are useful to the system. Amongst other information, VFS inodes contain the following fields: 

device 

This is the device identifer of the device holding the file or whatever that this VFS inode represents, 

inode number 

This is the number of the inode and is unique within this file system. The combination of device and inode number is unique within the Virtual File System, 

mode 

Like EXT2 this field describes what this VFS inode represents as well as access rights to it, 

user ids 

The owner identifiers, 

times 

The creation, modification and write times, 

block size 

The size of a block for this file in bytes, for example 1024 bytes, 

inode operations 

A pointer to a block of routine addresses. These routines are specific to the file system and they perform operations for this inode, for example, truncate the file that is represented by this inode. 

count 

The number of system components currently using this VFS inode. A count of zero means that the inode is free to be discarded or reused, 

lock 

This field is used to lock the VFS inode, for example, when it is being read from the file system, 

dirty 

Indicates whether this VFS inode has been written to, if so the underlying file system will need modifying, 

file system specific information 

9.2.8  The VFS Inode Cache

As the mounted file systems are navigated, their VFS inodes are being continually read and, in some cases, written. The Virtual File System maintains an inode cache to speed up accesses to all of the mounted file systems. Every time a VFS inode is read from the inode cache the system saves an access to a physical device. 

The VFS inode cache is implmented as a hash table whose entries are pointers to lists of VFS inodes that have the same hash value. The hash value of an inode is calculated from its inode number and from the device identifier for the underlying physical device containing the file system. Whenever the Virtual File System needs to access an inode, it first looks in the VFS inode cache. To find an inode in the cache, the system first calculates its hash value and then uses it as an index into the inode hash table. This gives it a pointer to a list of inodes with the same hash value. It then reads each inode in turn until it finds one with both the same inode number and the same device identifier as the one that it is searching for. 

If it can find the inode in the cache, its count is incremented to show that it has another user and the file system access continues. Otherwise a free VFS inode must be found so that the file system can read the inode from memory. VFS has a number of choices about how to get a free inode. If the system may allocate more VFS inodes then this is what it does; it allocates kernel pages and breaks them up into new, free, inodes and puts them into the inode list. All of the system's VFS inodes are in a list pointed at by first_inode as well as in the inode hash table. If the system already has all of the inodes that it is allowed to have, it must find an inode that is a good candidate to be reused. Good candidates are inodes with a usage count of zero; this indicates that the system is not currently using them. Really important VFS inodes, for example the root inodes of file systems always have a usage count greater than zero and so are never candidates for reuse. Once a candidate for reuse has been located it is cleaned up. The VFS inode might be dirty and in this case it needs to be written back to the file system or it might be locked and in this case the system must wait for it to be unlocked before continuing. The candidate VFS inode must be cleaned up before it can be reused. 

However the new VFS inode is found, a file system specific routine must be called to fill it out from information read from the underlying real file system. Whilst it is being filled out, the new VFS inode has a usage count of one and is locked so that nothing else accesses it until it contains valid information. 

To get the VFS inode that is actually needed, the file system may need to access several other inodes. This happens when you read a directory; only the inode for the final directory is needed but the inodes for the intermediate directories must also be read. As the VFS inode cache is used and filled up, the less used inodes will be discarded and the more used inodes will remain in the cache. 

Viktiga kataloger I Linuxs filsystem:
