Chapter 10
File System
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Block Device

* Block Device
- Allows random access

- Divided into blocks

- Typlcal Block Device
Hard Disk

- Floppy Disk
- Optical Disk
- Virtual Block Device




Hard Disk

* Naming Convention
- IDE: hda, hdb, ..

master slave
1st Channel hda hdb
2nd Channel hdc hdd

- SCSI/SATA: sda, sdb, ..
- Virtual Disk: vda, vdb, ..
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Hard Disk Partition

* Partitioning rules:
- Divided by cylinder/sector

- Maximum of four Primary Partitions

- Only one of primary partitions may be
used as an Extended Partition

- An extended partition contains numbers
of Logical Partition

- Only primary and logical partitions can be
populated with file systems
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Partition Numbering Rules

* Primary / Extended Partition:
-1~4

* Logical Partition:
- 5up
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Partitioning Tool

* fdisk <disk>

- Performs disk partitioning
- Common options:
* -1 :view partition information
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Using f£disk

e Internal £fdisk commands

—m.

help

. prints partition table

. Creates new partition

. lists partition type ID

: changes partition type ID
. deletes partition

: save and exit

. quit without saving



Loop Device

e Access a file as a block device

# dd if=/dev/zero of=mydisk bs=1M count=32



File System

* Linux supports many types of file
system:
- Ext2, Ext3, Ext4
- Reiserfs
- JFS
- XFS
— FAT, NTFS
- IS09660
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Ext2 File System

e Partition divided into blocks with
fixed block size (1k, 2k, 4k)

* Block usages:
- Superblock

- Inode Blocks
- Data Blocks



Super Block

* The first block of a file system
* May have a couple of copies

* Contains general information:
- Block Size

- Pointers to free inodes
- Pointers to free blocks

- Pointer to root directory
- Mounting time



Inode (Index Node)

* 128 bytes for each

e Contains file information:
- Ownership

- Permission

- File Type
- Time Stamps
- Pointers to blocks



Data Block

* Regular File:
- The actual data

* Directory:
- File Name

- Inode Number



File System Format

* Divided into Block Groups:

Euperblock

L

Inode
Table




* For a path:

- /dl1/f1

Euperblock

File Seeking

Y




* For a path:
- /dl/f1l

Euperblock

File Seeking

/

d1:1234
d2: 2345
d3: 3456

Y




* For a path:
- /dl/f1l

Euperblock

File Seeking

/

 d1: 1234 e

d2: 2345
d3: 3456

S




File Seeking

* For a path:
- /d1l/f1 /
Euperblock - d1:1234
| d2: 2345
d3: 3456
al
\
) )




File Seeking

* For a path:
- /d1l/f1 /
{Sgpeﬂﬂock - d1:1234
s ©d2:2345
d3: 3456
([
\
)

Inode
1234




File Seeking

* For a path:
- /dl/f1l /
{Sgpeﬂﬂock - d1:1234
s ~d2:2345
d3: 3456
[ (
\
)]

Inode
1234




* For a path:

File Seeking

- /dl/f1
/ d1
{Sgpeﬂﬂock - d1:1234 £1:4567
. d2:2345  f2:5678
d3: 345% f3: 6789
- //
\
)]

Inode
1234




- /d1l/f1

Euperblock

File Seeking

/ di
-~ d2:2345  f2:5678
d3: 34 f/ f3: 6789

-

/

Inode
1234




File Seeking

* For a path:
- /d1/f1
/ d
{Sepeﬂﬂock - d1:1234  1:4567
ﬁ © d2:2345 £2:5678
f3: 6789

d3:34§5/

Inode

I
1234 node

4567




File Seeking

* For a path:

- /dl1/f1
/ d1 f1
{Sepeﬂﬂock o d1:1234  f1:4567 iiix
| ©d2:2345  f2:5678

/
/

ﬁ3:67/§// XXX

Inode

1234 Inode

4567



File System Features

* Journaling:
- Keeps a journal of file operation
- Makes recovery much faster

 ACL:

- More flexible control above traditional
permission scheme

e Label:

- Allows to use label name and regardless
changing of device name



Creating File System

*mkfs partition
- Makes file system on partition

- Common options:
* -t :file system type
* -b : block ssize
* —-i :inode ratio to block

* —j :turnon journal
 —¢ :check bad blocks
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Mounting File System

* mount device /mount/point
- The device must be formated

- The mount point must be an empty directory

- Displays current mounting file systems if no
argument given

- Common options:
* -t :file system type
* —-bind : mounts directory instead of device
* -0 m_opts :mount options
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Common Mount Options

ro/rw : read and write
sync/async : synchronization
atime/noatim : access time updating
dev/nodev : device access
exec/noexec : program running
suid/nosuid : suid/sgid function

remount,m opt : changes mount options on a
mounted file system



The /etc/fstab

* Mount files systems on startup
* While running mount -a

* Fields:
- Device Name/ID (shown by running blkid)

— Mount point

- File system type

- Mount options

- dump settings (0 for off and 1 for on)

- fsck settings (1 for root and 2 for others, 0 for off)
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Example of /etc/fstab

proc /proc proc nodev,noexec,nosuid 0 0
/dev/mapper/system-root / ext4 errors=remount-ro 0 1

LABEL=/boot /boot ext2 defaults 0 2

/dev/mapper/system-home /home reiserfs defaults 0 2

/dev/mapper/system-swap none swap sw 0 0



Unmounting File System

* umount <device|/mount/point>
- Device must be unmounted before detaching

- Device is not being used (check with fuser):
* Opening files
* Running program
* Working directory
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Swap Space

* Frees out real memory by swapping out
unused pages to disk

* Swap pages in when reuse
* Impacting performance by high swapping
* Partition ID is 82
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Swap Commands

* mkswap <partition>
- Formats partition as swap space

* swapon <partition>
- Turns on swap space

* swapoff <partition>
- Turns off swap space

* free
- Displays memory usages



Checking Filesystem

* fsck <device>
- Examines file system and fixes errors

- Common options

* —A :checks all file system
* -N :testonly
* -y :always answer YES



Monitor File System Use

* df
- Displays summary of disk space

- Common options
* ~h : human readable format

* du
- Displays directory consummation on disk

- Common options

* _h : human readable format
* —s :summary of directories only
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Quota Concept

* Limitation of data consumption for a
user/group in a file system

* Based on block or inode usage

* Two types of limit:
- Soft Limit: warning only

- Hard Limit: error

- Grace Period: how long the soft limit may be
exceeded, rechargeable
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Quota Implementation

* Modify the option field of /etc/fstab

# defaults,usrquota,grpquota

* Create record files:

# touch /mount/point/aquota.{user,group}

* Remount file system

# mount -o remount /mount/point

e Calculate current use
# quotacheck /mount/point

* Turn on quota

# gquotaon /mount/point



Quota Configuration

edquota -u <user>
Filesystem blocks soft hard inodes soft hard
device 10600 20000 25000 207 0 O

edquota -g <group>
- Edits group quota

edquota -t
- Edits grace time

edquota -p userl -u user?2
- Copies quota settings



Quota Information

* quota
- Reports quota usage

- A regular user can only views her/his own quota

* repquota <device>
- Root only

- Reports quotas for all users and groups

- Common options

* -u:displays user quota report
» -g . displays group quota report
* -a:all devices if no device specified
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