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In a Unix-style file system, the inode is a data structure
used to represent a filesystem object, which can be one
of various things including a file or a directory. Each in-
ode stores the attributes and disk block location(s) of the
filesystem object’s data.[1] Filesystem object attributes
may include manipulation metadata (e.g. change,[2] ac-
cess, modify time), as well as owner and permission data
(e.g. group-id, user-id, permissions).[3]

Directories are lists of names assigned to inodes. The
directory contains an entry for itself, its parent, and each
of its children.

1 Etymology

There has been some uncertainty on the Linux kernel
mailing list as to the reason for designating these as “i”
nodes. The question was brought to Unix pioneer Dennis
Ritchie, who replied:[4]

In truth, I don't know either. It was just
a term that we started to use. “Index” is my
best guess, because of the slightly unusual file
system structure that stored the access infor-
mation of files as a flat array on the disk, with
all the hierarchical directory information living
aside from this. Thus the i-number is an index
in this array, the i-node is the selected element
of the array. (The “i-" notation was used in the
1st edition manual; its hyphen was gradually
dropped.)

A paper published in 1978 by Ritchie and Ken Thompson
strongly suggests the same etymology:[5]

As mentioned in Section 3.2 above, a
directory entry contains only a name for the
associated file and a pointer to the file itself.
This pointer is an integer called the i-number
(for index number) of the file. When the file is
accessed, its i-number is used as an index into
a system table (the i-list) stored in a known
part of the device on which the directory
resides. The entry found thereby (the file’s
i-node) contains the description of the file:...
— The UNIX Time-Sharing System, The Bell
System Technical Journal, 1978

Also, Maurice J. Bach writes:[6]

The term inode is a contraction of the term
index node and is commonly used in literature
on the UNIX system.
— Maurice J. Bach, The Design of the Unix
Operating System, 1986

2 Details
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File descriptors, file table and inode table in Unix. Inspired by
Maurice J. Bach (1986). The Design of the UNIX Operating
System. Prentice Hall, p. 94.

A file system relies on data structures about the files, be-
side the file content. The former is calledmetadata—data
that describes data. Each file is associated with an inode,
which is identified by an integer number, often referred
to as an i-number or inode number.
Inodes store information about files and directories (fold-
ers), such as file ownership, access mode (read, write,
execute permissions), and file type. On many types of
file system implementations, the maximum number of in-
odes is fixed at file system creation, limiting themaximum
number of files the file system can hold. A typical allo-
cation heuristic for inodes in a file system is one percent
of total size.
The inode number indexes a table of inodes in a known
location on the device; from the inode number, the file
system driver portion of the kernel can access the contents
of the inode, including the location of the file allowing
access to the file.
A file’s inode number can be found using the ls -i com-
mand. The ls -i command prints the i-node number in the
first column of the report.
SomeUnix-style file systems such as ReiserFS omit an in-
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2 4 IMPLICATIONS

ode table, but must store equivalent data in order to pro-
vide equivalent capabilities. The data may be called stat
data, in reference to the stat system call that provides the
data to programs.
File names and directory implications:

• inodes do not contain file names, only other file
metadata.

• Unix directories are lists of association structures,
each of which contains one filename and one inode
number.

• The file system driver must search a directory look-
ing for a particular filename and then convert the
filename to the correct corresponding inode number.

The operating system kernel’s in-memory representation
of this data is called struct inode in Linux. Systems de-
rived from BSD use the term vnode, with the v of vnode
referring to the kernel’s virtual file system layer.

3 POSIX inode description

The POSIX standard mandates filesystem behavior that is
strongly influenced by traditional UNIX filesystems. Reg-
ular files must have the following attributes:

• The size of the file in bytes.

• Device ID (this identifies the device containing the
file).

• The User ID of the file’s owner.

• The Group ID of the file.

• The file mode which determines the file type and
how the file’s owner, its group, and others can ac-
cess the file.

• Additional system and user flags to further protect
the file (limit its use and modification).

• Timestamps telling when the inode itself was last
modified (ctime, inode change time), the file con-
tent last modified (mtime, modification time), and
last accessed (atime, access time).

• A link count telling how many hard links point to
the inode.

• Pointers to the disk blocks that store the file’s con-
tents (see inode pointer structure).

The stat system call retrieves a file’s inode number and
some of the information in the inode.

4 Implications

• Files can have multiple names. If multiple names
hard link to the same inode then the names are
equivalent; i.e., the first to be created has no special
status. This is unlike symbolic links, which depend
on the original name, not the inode (number).

• An inode may have no links. An unlinked file is re-
moved from disk, and its resources are freed for re-
allocation but deletion must wait until all processes
that have opened it finish accessing it. This includes
executable files which are implicitly held open by the
processes executing them.

• It is typically not possible to map from an open file
to the filename that was used to open it. The oper-
ating system immediately converts the filename to
an inode number then discards the filename. This
means that the getcwd() and getwd() library func-
tions search the parent directory to find a file with an
inode matching the working directory, then search
that directory’s parent, and so on until reaching the
root directory. SVR4 and Linux systems maintain
extra information to make this possible.

• Historically, it was possible to hard link directories.
This made the directory structure into an arbitrary
directed graph as opposed to a directed acyclic graph
(DAG). It was even possible for a directory to be its
own parent. Modern systems generally prohibit this
confusing state, except that the parent of root is still
defined as root. The most notable exception to this
prohibition is found inMac OS X (versions 10.5 and
higher) which allows hard links of directories to be
created by the superuser. This is used exclusively
by Time Machine, Apple’s full-system incremental
backup utility.

• A file’s inode number stays the same when it is
moved to another directory on the same device, or
when the disk is defragmented which may change its
physical location. This also implies that completely
conforming inode behavior is impossible to imple-
ment with many non-Unix file systems, such as FAT
and its descendants, which don't have a way of stor-
ing this invariance when both a file’s directory entry
and its data are moved around.

• Installation of new libraries is simple with inode
filesystems. A running process can access a library
file while another process replaces that file, creating
a new inode, and an all new mapping will exist for
the new file so that subsequent attempts to access the
library get the new version. This facility eliminates
the need to reboot to replace currently mapped li-
braries. For this reason, when updating programs,
best practice is to delete the old executable first and
create a new inode for the updated version, so that
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any processes executing the old versionmay proceed
undisturbed.

5 Practical considerations

Many computer programs used by system administrators
in Unix-like operating systems designate files with inode
numbers. Examples include popular disk integrity check-
ing utilities such as the fsck or pfiles. Thus, the need nat-
urally arises to translate inode numbers to file pathnames
and vice versa. This can be accomplished using the file
finding utility find with the -inum option, or the ls com-
mand with the proper option (-i on POSIX-compliant
platforms).
It is possible for a device to run out of inodes. When
this happens, new files cannot be created on the device,
even though there may be free space available. This is
most common for use cases like mail servers which con-
tain many small files.
Filesystems (such as JFS or XFS) escape this limitation
with extents and/or dynamic inode allocation, which can
'grow' the filesystem and/or increase the number of in-
odes.

6 Inlining

It can make sense to store very small files in the inode
itself to save both space (no data block needed) and look-
up time (no further disk access needed). This file system
feature is called inlining. The strict separation of inode
and file data thus can no longer be assumed when using
modern file systems.
If the data of a file fits in the space allocated for pointers
to the data, this space can conveniently be used. For ex-
ample, ext2 and its successors stores the data of symlinks
(typically file names) in this way, if the data is no more
than 60 bytes (“fast symbolic links”).[7]

Ext4 has a file system option called inline_data that, when
enabled during file system creation, allows ext4 to per-
form inlining. As an inode’s size is limited, this only
works for very small files.[8]

7 See also
• inode pointer structure
• inotify
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