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Topics covered

Adding, (re-)partitioning, mounting disks requires understanding of:

basic disk concepts

basic �lesystem concepts

local and remote �le systems
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Topics covered

Adding, (re-)partitioning, mounting disks requires understanding of:

basic disk concepts

disk interfaces

physical disk structure

partitions

basic �lesystem concepts

RAID

logical volume managment

device formatting

local and remote �le systems

the Berkeley Fast File System (FFS)

NFS
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Basic Disk Concepts

Storage Models
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Basic Disk Concepts: Storage Models
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Basic Disk Concepts

Disk Devices
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Basic Disk Concepts
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Basic Disk Concepts: Disk Interfaces: SCSI

Remember that:

each SCSI device needs a terminator (internal or terminator plug)

each SCSI device (including the controller) needs a target number (or ID)

this ID needs to be unique

a single slower/older device will bring down speed for all devices attached to that
controller

hot swappable

speed: up to 320 MB/s

max cable length: up to 12 m

max number of devices: up to 96
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Basic Disk Concepts: Disk Interfaces: ATA

“Advanced Technology Attachment”

Parallel ATA:

Enhanced Integrated Device Electronics (EIDE)

Extensions known as Advanced Technology Attachment Packet Interface
(ATAPI)

designed to be simple and inexpensive (controller build into the disk)

speed: up to 133 MB/s

max cable length: up to 46cm

number of devices: 2

Serial ATA:

hot-pluggable

speed: up to 300 MB/s (SATA/300, aka “SATA II”); up to 150 MB/s in SATA/150

max cable length: up to 2 m

number of devices: 1
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Basic Disk Concepts: Disk Interfaces: SATA
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Basic Disk Concepts: Disk Interfaces: Fibre Channel

FibreChannel:

point-to-point,in arbitrated loop or switched

hot-pluggable

speeds: up to 2 GB/s

max cable length: up to 20 m (copper) or up to 50 km (Optical)

number of devices: 2 (point-to-point), 127 (loop), or... 224 (switched)
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Basic Disk Concepts: Disk Interfaces: USB
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Basic Disk Concepts: Disk Interfaces: USB

“Universal Serial Bus”, current speci�cation: 2.0

can provide power

hot-pluggable

speed: 12 Mbit/s in USB 1.0; up to 480 Mbit/s in USB 2.0

max cable length: up to 5 m

number of devices: up to 127
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Basic Disk Concepts: Disk Interfaces: FireWire
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Basic Disk Concepts: Disk Interfaces: FireWire

FireWire, aka IEEE 1394

speed: 400 Mb/s, 800 Mb/s and even up to 3.2 Gbit/s

hot-pluggable

max cable length: up to 100 m

number of devices: up to 63
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Basic Disk Concepts

Physical Disk Structure

Lecture 02: Filesystems and Disks February 5, 2009



CS615 - Aspects of System Administration Slide 52

Basic Disk Concepts: Disk Devices

Lecture 02: Filesystems and Disks February 5, 2009



CS615 - Aspects of System Administration Slide 53

Basic Disk Concepts: Disk Devices

Lecture 02: Filesystems and Disks February 5, 2009



CS615 - Aspects of System Administration Slide 54

Basic Disk Concepts: Disk Devices

Lecture 02: Filesystems and Disks February 5, 2009



CS615 - Aspects of System Administration Slide 55

Basic Disk Concepts: Physical Disk Structure
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Basic Disk Concepts: Physical Disk Structure

Hard drive performance determined by:

seek time

latency

internal data rate

a few other negligible factors (external data rate, command overhead, access
time, etc.)

Two addressing modes:

Cylinder-Head-Sector (CHS) ! common limitations

Logical Block Addressing (LBA)
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Basic Disk Concepts

Partitions
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Basic Disk Concepts: Partitions

Source: SGI Techpubs
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Basic Disk Concepts: Partitions

Source: NetBSD Guide
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Basic Disk Concepts: Partitions

NetBSD example (from disklabel(8) )
Partition 'a': /
Partition 'b': swap
Partition 'e': /home

# size offset fstype [fsize bsize cpg/sgs]
a: 20972385 63 4.2BSD 4096 32768 1180 # (Cyl. 0*- 20805)
b: 1048320 20972448 swap # (Cyl. 20806 - 21845)
c: 78140097 63 unused 0 0 # (Cyl. 0*- 77519)
d: 78140160 0 unused 0 0 # (Cyl. 0 - 77519)
e: 56119392 22020768 4.2BSD 4096 32768 58528 # (Cyl. 21846 - 77519)
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Basic Disk Concepts: Partitions

NetBSD example (from disklabel(8) )
Partition 'a': / 10 GB
Partition 'b': swap
Partition 'e': /home 26 GB

# size offset fstype [fsize bsize cpg/sgs]
a: 20972385 63 4.2BSD 4096 32768 1180 # (Cyl. 0*- 20805)
b: 1048320 20972448 swap # (Cyl. 20806 - 21845)
c: 78140097 63 unused 0 0 # (Cyl. 0*- 77519)
d: 78140160 0 unused 0 0 # (Cyl. 0 - 77519)
e: 56119392 22020768 4.2BSD 4096 32768 58528 # (Cyl. 21846 - 77519)
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Basic Disk Concepts: Partitions

IRIX example (from fx(1M) )
A 8.5 GB disk, with 512 MB swap:

part type blocks Megabytes (base+size)
0: xfs 4096 + 16730568 2 + 8169
1: raw 16734664 + 1048576 8171 + 512
8: volhdr 0 + 4096 0 + 2

10: volume 0 + 17783240 0 + 8683
----- bootinfo-----
root partition = 0 swap partition = 1 bootfile = /unix

----- directory entries-----
0: sgilabel block 2 size 512 1: sash block 3 size 266240
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Basic Disk Concepts: Partitions

Solaris example (from format(1m) ):

Current partition table (original):
Total disk cylinders available: 38758 + 2 (reserved cylinde rs)

Part Tag Flag Cylinders Size Blocks
0 root wm 3 - 3764 3.62GB (3762/0/0) 7584192
1 swap wu 3765 - 4364 590.62MB (600/0/0) 1209600
2 backup wm 0 - 38757 37.26GB (38758/0/0) 78136128
3 unassigned wm 0 0 (0/0/0) 0
4 unassigned wm 0 0 (0/0/0) 0
5 unassigned wm 0 0 (0/0/0) 0
6 unassigned wm 0 0 (0/0/0) 0
7 home wm 4365 - 38757 33.06GB (34393/0/0) 69336288
8 boot wu 0 - 0 0.98MB (1/0/0) 2016
9 alternates wu 1 - 2 1.97MB (2/0/0) 4032
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Basic Disk Concepts: Partitions

Things to consider when choosing partitioning schemes:
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Basic Disk Concepts: Partitions

Consider the following factors when choosing partitioning schemes:

“busyness” of the �le system
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Basic Disk Concepts: Partitions

Consider the following factors when choosing partitioning schemes:

“busyness” of the �le system

swap size / amount of memory
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Basic Disk Concepts: Partitions

Consider the following factors when choosing partitioning schemes:

“busyness” of the �le system

swap size / amount of memory

user data

backup necessary?

temporary data

mount options
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Basic Disk and Filesystem Concepts: RAID and Logical Volumes

Logical Volumes:

allow �le systems to be larger than the physical size of a disk

inrease I/O performance when striped

fault tolerant when mirrored or plexed

RAID:

basic techniques:

striping

mirroring

parity

different RAID levels:

level 0 - 6

level 0+1

level 10, 30 or 50 (1+0, 3+0, 5+0)
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Basic Disk Concepts: RAID
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Basic Disk Concepts: RAID
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Basic Filesystem Concepts

Filesystem Layout
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Basic Filesystem Concepts

All partitions – with the exception of the root (or / ) partition – can be mounted
anywhere in the �lesystem hierarchy.
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Basic Filesystem Concepts

All partitions – with the exception of the root (or / ) partition – can be mounted
anywhere in the �lesystem hierarchy.

The �le /etc/fstab (see fstab(5)) speci�es which disks / partitions to mount wh ere:

/dev/wd0a / ffs rw 1 1
/dev/cgd1a none swap sw 0 0
/dev/cgd0a /home ffs rw 1 2
/ignoreme /tmp mfs rw,-b4096,-f512,-s262144 0 0
kernfs /kern kernfs rw
procfs /proc procfs rw,noauto
ptyfs /dev/pts ptyfs rw 0 0
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Basic Filesystem Concepts

All partitions – with the exception of the root (or / ) partition – can be mounted
anywhere in the �lesystem hierarchy.

The �le /etc/fstab (see fstab(5)) speci�es which disks / partitions to mount wh ere:

/dev/wd0a / ffs rw,softdep 1 1
/dev/wd0b none swap sw 0 0
kernfs /kern kernfs rw
procfs /proc procfs rw,linux

corsario:/export/home /home nfs ro,nosuid,nodev,noexec ,-X,-T 0 0
corsario:/export/people /usr/people nfs rw,nosuid,node v,-w32768,-r32768,-i,-X,-T 0 0
corsario:/export/faculty /usr/faculty nfs rw,nosuid,no dev,-w32768,-r32768,-i,-X,-T 0 0
corsario:/export/projects /projects nfs rw,nosuid,node v,-w32768,-r32768,-i,-X,-T 0 0
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Basic Filesystem Concepts

All partitions – with the exception of the root (or / ) partition – can be mounted
anywhere in the �lesystem hierarchy.

The �le /etc/fstab (see fstab(5)) speci�es which disks / partitions to mount wh ere:

#device device mount FS fsck mount mount
#to mount to fsck point type pass at boot options
#
fd - /dev/fd fd - no -
/proc - /proc proc - no -
/dev/dsk/c0d0s1 - - swap - no -
/dev/dsk/c0d0s0 /dev/rdsk/c0d0s0 / ufs 1 no -
/dev/dsk/c0d0p0:boot - /boot pcfs - no -
/dev/dsk/c0d0s7 /dev/rdsk/c0d0s7 /export/home ufs 2 yes
-
/devices - /devices devfs - no -
ctfs - /system/contract ctfs - no -
objfs - /system/object objfs - no -
swap - /tmp tmpfs - yes -
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Basic Filesystem Concepts

Some of the different kinds of �lesystems:

“Regular” File Systems

Journaling File Systems

Network File Systems

Various
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Basic Filesystem Concepts

The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.

Components of the Berkeley Fast Filesystem:

set of inode storage cells
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.

Components of the Berkeley Fast Filesystem:

set of inode storage cells

set of scattered “superblocks”
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.

Components of the Berkeley Fast Filesystem:

set of inode storage cells

set of scattered “superblocks”

map of disk blocks
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.

Components of the Berkeley Fast Filesystem:

set of inode storage cells

set of scattered “superblocks”

map of disk blocks

block usage summary
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Basic Filesystem Concepts: The UNIX Filesystem

The �lesystem is responsible for storing the data on the disk . So to read/write data, it
needs to know in which physical blocks the actual data is located; ie how to map �les
to the disk blocks.

Components of the Berkeley Fast Filesystem:

set of inode storage cells

set of scattered “superblocks”

map of disk blocks

block usage summary

set of data blocks
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's

�le type
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)

�le access and modi�cation time
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)

�le access and modi�cation time

�le status modi�cation time
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Basic Filesystem Concepts: The UNIX Filesystem

Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)

�le access and modi�cation time

�le status modi�cation time

number of links to the �le
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Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)

�le access and modi�cation time

�le status modi�cation time

number of links to the �le

size of the �le
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Information stored in an inode:

user owner and group owner ID's

�le type

access mode (permissions)

�le access and modi�cation time

�le status modi�cation time

number of links to the �le

size of the �le

disk device containing this �le
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File types:

regular �les
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File types:

regular �les

directories
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File types:

regular �les

directories

special �les
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File types:

regular �les

directories

special �les

links
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File types:

regular �les

directories

special �les

links

sockets
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Basic Filesystem Concepts: The UNIX Filesystem

File types:

regular �les

directories

special �les

links

sockets

named pipes
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Reading

Disk Interfaces:

SCSI:

http://en.wikipedia.org/wiki/Scsi

scsi(4), scsictl(8);

ATA:

http://www.ata-atapi.com/

http://en.wikipedia.org/wiki/Advanced_Technology_At tachment

http://en.wikipedia.org/wiki/Sata

USB:

http://en.wikipedia.org/wiki/Usb

http://www.usb.org/

usb(4)
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Reading

Disk Interfaces:

FireWire:

http://www.apple.com/firewire/

http://en.wikipedia.org/wiki/Firewire

Fibre Channel:

http://hsi.web.cern.ch/HSI/fcs/fcs.html

http://en.wikipedia.org/wiki/Fibrechannel
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Reading

Basic Disk Concepts:

http://techpubs.sgi.com/library/tpl/cgi-bin/getdoc. cgi/0650/bks/
SGI\_Admin/books/IA\_DiskFiles/sgi\_html/index.html

disklabel(8), fdisk(8)

format(1m)

RAID:

http://en.wikipedia.org/wiki/RAID

Basic Filesystem Concepts:

http://www.cs.cornell.edu/Courses/cs614/2003SP/pape rs/KJL84.pdf

http://www.onlamp.com/pub/a/bsd/2001/02/28/FreeBSD_ Basics.html

newfs(8)

NFS: http://www.cis.udel.edu/~srisatha/NFS/sld001.htm
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