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Class 4: Focus on File Systems
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Tonight: focus on file systewmsy

What users see: one big tree of dirs and files

The tree contains files, file
I_EI info. and directories

The reality: one or more stacks of magnetic disks

or memory chips.

How can multiple stacks
of disks be made to look
like a single tree of direct-
ortes and files?

¢« What is the internal structure of a file system’?
» How do multiple disks merge into one tree?

= = =

project: write pud

page003.html perror and errno 003

2) But first, a brief interruption to discuss error handling

ermao perror{ char *) strerror( ermno )
error code prints a message retumns a string

Fact: system calls retizrn -1 on error
But: what #is* the specific error ¢
example: open(} can fail for many reasons

Q! “How can the program determine Wwhich
error it is?

A The kkernel sets a global value, known as
errmo, to a code in Jusr/inciitde/errmo.h

02: How can a program tell the user What'is
the cause of the error? ;

AZ2: perror(str) prints "str! description”

Q3: What to-do?
A it depends
perver_demono
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page004.html User View of Directories 004

3) User view and Commands for file: system
first, let’s become fomiliow with the major
fs-related commands by building o demo-

divectory tree
conmandsy denedir
WA cal
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cds ¥y
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4 ) Almost no-limity to-tree structiure

v divectories car continin loty of filey
= dirvectory depthy canexceed the capacity
of most f3 commands

Ex. dig
while true l__J

do

micdir s Q
cds |:|
L]

done

What does du do with this
directory structure? Or tree
s -IR, find,...?

Note: some system maintenance
tools might fail on these.

see also: dig_verbose
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page006.html Structure of a File System

5) Face Reality: o digk iy not atree
we avre not | in o divectory

6) A disk iy o stocks of magnetic platters,
disks; tracks, sectors, viewable as o
sequence of DISK BLOCKS

o1 23456 .

A dislk’ can also be a USB flash drive, the storage on
a telephone, or storage device that consists of a sequence
of blocks.

007

page007.html

7) How counvor ruumbered sequence of blocks
stove files, file info; and divectoriesy ?
Ang dirvide the disk infothree reglons; structure thewy sp.

B) fide infor storad. iy A file conienty are

iﬁim sever ol bes Ay sy Gl are neaded.
: Covitning alloc

atLery nfer

] \
inede talile dotr area

2 e et ) a-directory i

rond, regicns Uy ity positiony i the iy Flenane

perblock = 1 file
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8) Using this model to-understoand.
crealing o file: e.g: who > wserlist

sy the file requiresthree diskblocks of stovage: .

| 4 Al |

200 823 993
!
ag) stewe data ( get Meocks fremy
U stove infor sige; wid; witlie:,
[LELT] (géﬁ?Efuhdéﬁf%Cﬂ?vf%eelﬂﬂj
&) record. allocatlon i node
823 zo0[ 903 dg add entry tor divectory

bt
FTT

&

—_—

/ therefove: [ ool Lserlist

123 | . the fileronme sheclfiesr an dniuny
833 | .. the vwiny lecatey the node
400% | hella.o the vnede Lty the datme acks

47 | userlist

page009.html Details of Allocation Lists 009
Detwily of vecovding disk allocation
o lawrge file W stored. i mary Blecks
[ frict| the nede helds the info abeowts which blecks covtmin the dato
protileny hew con a fired siged. nade stere a- leng” Ulock list?
ex: afile requiring 12 blecks
I — T |

\-.

The fir st ter shoty conitmin blockss of data

g Dleck 11 contring the Back # of o block of
; , bleckes of dato
netz a large
file requires Bleck 12 contming the bleck # of o bleck of
mere Dlocks Dlocktsy that contain block#' sy of dato
thuo stoe/blicsize

o . ek 13 confring the Meck-# of a- blaock.
note: small directories
and symlinks can be ~ ©f blevk#y that contmin blocksy of Ulocksy
stored in the inode thet ot ive datn
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9) Using this model to-vevisil demodiv

neaw that we ket the nfernals fiuctlive of dirs Wwe cow gee
whoat [ Freally® golng ove v ovie dener dir strctivee
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page011.html Multiple disks, one tree

Question2: How can many disks form one tree?

Ans: Each disk contains
;#L';' . atree structure. That tree
l—_-'l : I:I i

ED = % can be “mounted’ on another

tree at any directory.

stat{) info includes the inode
*and® the device. That pair
uniquely identifies the file.

- 5 5 Each file on a disk has an fnode
number.

Fach dislc has a debice TD.

The ‘mount’ command reports What disks are
attached to the tree at what directories, The
directories are called ‘mountpoints’,

011
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10) The Systenwv Cally for standowd file ops
covmwmand,  gyvsoalls actlovy
i i lianke ) Femerves i sk
if livky ma 0, deallovate
Fielie Fdie () delinks o directory
L Lok ) cresites o e Lk
vieRy Fedcmel )
nakdl i wakedl i () creates new directory
page013.html Writing pwd 01 3
11) writing pwd

bwd-privtythe bathv torthe cusrent diredtory. Bul;
the aurrent directery enly knows elf ay " Heow
cavy [y lowatlov vy the tree be: determined 7

-]

xlink

dl

d2

XCOPY_
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Hard Links: Different Names for the Same File

47 file] $ In filel greet

refer by 22 file2
inum 47 greet
‘lo | | Hel|
I — 7+ i
inode table data region

One file: two dir entries (i.e. two links)
You can use either name. chmod o+x filel, chmod u-r greet

Q: What if you rm filel1? What happens to greet?
A:

Note: In a city. each street has its own list of house numbers
Each file system has its own inode table (inums

But: A hard link cannot refer to an inode on a different
Sfile system. 123 Main St vs 123 Maple St

page015.html 0 1 5

Symbolic Cinks: Another Way for Different N'ames, Same File

4?ﬁ191
22 file2 i fer b_; $ In -s filel file2
4791"99!:
fl.LE]. |lO ‘ ‘ H.El| ‘
£ }
inode table data region

There are two files : the symlink is a file that contains
the name of its referent

You can use either name : cat filel, cat file2

Q: What if you rm filel? What happens to file2 ?

But: A symlink can contain the name of a file/dir
on a different filesystem.
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Making Links: Time Lapse Images

; 83
74
'I——~—._
contents:
page017.html 01 7

Making Links: Time Lapse Images

. 83 .
$ echo hello > filel 74 create a file
- called filel
S containing
data: hello
[ ff’_
re:q:fufar_ﬁfg’_.r-
contents: hello

contains data

file with
inode 47
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Making Links: Time Lapse Tmages

$ echo hello > filel

$ In filel greet

83
74

47 filel

47 greet

In makes a new
name for same
inode.

PE‘dular ﬁie
contents: heﬂo

contains data

g

file with
inode 47
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Making Links: Time Lapse Tmages

§ echo hello > filel ?-i In -s makes a
§ 1n filel greet o symlink: a new
47 filelf file containing
$ 1n -s filel file2 i?\.ﬁlezt the name “file1”
47 gree
i \\
T
regular filg J & symlink
contents: hello "filel™
contains data contains a fflename
|
\
file with file with
inode 47 inode 22

019
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Making Links: Time Lapse Images

$ echo hello > filel gg - All three of
$ 1n filel greet -~ these refer to
47 filelt same file
$ 1n -s filel file2 22 file2
47\gr'eet
- ff’_ \
J"E‘(fll&lrﬁlfg’; (Z & symilink
contents: hello "filel™
contains data contains a fflename
\
|
file with file with
inode 47 inode 22

020
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Multiple Names for Same File: Two different ways to refer

Hard Links 83 . dir: link to 83
a directory entry that 74 .. dir: link to 74
contains a name and 47 filel{| file: link to 47
INLUTL 292 _ﬁlez symlink: link to 22
Refers ;ngif\;;{ o 47\greet another link to 47
by the hello_file
inum - \ Symbolic
- T Link:
f . a file that
Mdmﬁ[% d & < ﬂc‘:ﬁnlfains
contents: hello mfilel™ the name
I—— — of a_file:
contains data contains ajflename Refers
\\ by name
file with file with Lot
inode 47 inode 22

inode nurm.

Symlinks can refer to directories and files on other dislcs
Hard links cannot refer to directories or files on other disks

021
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Making Links: Time Lapse Tmages
g 83
74
'I——~—._

contents:




