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Class 4. Focus on File Systems
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page001.html Directory Trees and Disks

4) Focus on FileSystemy

The: story so-faw
processes
i
!Hﬁ)y l . 0 7
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Tonight: focus on file systems

What users see: one big tree of dirs and files

The tree contains files, file
% infa. and directories

The reality: one or more stacks of magnetic disks
or memory chips.

FHow can multiple stacks
EEEE=E== o disks be made to ook
like a single tree of direct-
ories and files?
« What is the internal structure of a file system’?
+ How do muliiple disks merge into one tree?

profect: Wwrite  pwd
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page003.html perror and errno

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

ermo perror( char *) strerror( ermo )
error code prints a mess}l_qg returns a string
Fact! system calls refurn -1 on error
Buf: what *is* the specific error 7
_example: open{} can fail for many reasons

Q! ‘Houw can the program determine which
error it is?
Al The kernel sets a global value, known as
ermo, to a code in /usr/inciude/errno.h
Q2 How can a program tell the user what’is
the cause of the error?
A2 perroristr) prints  "str: description”

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

3) User view and Commanidy for file yysten
first, let's become fomiliowr with the major
fi-related commandy by buidding o demo-

004

diveclory ree
comumandy
mkdir  cab
e o)
cds r
bwds e

[
dets
Ly ~low
ly-R
page005.html 005

4) Almost no-limity to-tree sbructuwre

« divectoriey can contain Loty of files
= divectory deptihs canexceed the capacilty

of most f5 commands
Ex. dig
while true :|
do
micdir s l:'
cds l:l
done |:_|

What does du do with this
directory structure? Or lree
Is -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) Foce Reality: a- disk: iy not o tireer
we are not in' o divectory

6) A disk iy o stack of magneticplatters;
Aisks, tracks; sectors, viewable ay o
sequence of DISK BLOCKS

yysteny applied:
ter disk Meocks

LTI T T I T T I T I T I T I I ]
0l 2345¢6
A ‘disk’ can also be a USB flash drive, the storage on
a telephone., or storage device that consists of a sequence
of blocks.
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7) How convov ruumbered sequence of blocks
stove files, filer info;, and divectovies 7
Ang divide the digk-interthree regions; structivre theny !

B) file tnfer steved. i Al fle contenty are
Fired siges yeveralper S MGy G e needed.

i \ |
| incde tabie ' datoarea:
= ) o divectory i
g&ﬁ“ﬁ;’f v inode iy identified | oombie o formt
e | medetmble: an —_—
,sic‘_barblock/
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page008.html Block Allocation Lists

8) Using thiy model to-understond
creating o filer ewg: who > wgerlist

sy the file requivey three diskblocky of storage:
Il 1

L] | P VAT |

! a7 ! 200 823 983

F |
] s ) fteve dettn ( get Dlocks fromy
B thefreelim
A (get thodefrom freelist)
, &) vecards allocatlon i nade,
w4 addentry to directory

/ therefore: v ool Ligerlit

123 | . the filename shecifles an drwinm
833 | .. the nny lecates the node
4002 | hella.c the inede Usty the datn blocks

47 | userlist
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page009.html Details of Allocation Lists 009

Detily of recovding disk allocation
wlarge/ﬁi&wmgdxmmamymacby
[fowct] the e halds the infer about whidh blocks conimin the deta
problesy hew caw o fixed-siged. inade store a- lamg? block liste

exs o file reguiring 12 Mecks

.

~,

iy ]
/ The first ter shoty contain blockes of data.
mj‘gm Mook 11 contming the Weck # of a- Mok of
! , Mock#y of dat
nete: a- large
file requirey Yook 12 contmisng the Wlack-# of o block- of
mare acks Blockss that contiin block# s of datn
By dige/blisize

note: small directories iod(da %W* ii:c’w .

and symlinks can be

stored in the inode that confrivy datin
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9) Using thisy model to-venisit demodiv
e B we knew the inter nals iruciue of vy we cor sae
what i "really” going ew v cur demer dir structiure

wher vielw Systeny vielw
¥
a
c
” a1
az
xlink xcopy

page011.html Multiple disks, one tree 01 1

Question2: How can many disks form one tree?

Ans: fach disk contains
) ; a tree structure. That tree
Lt : can be “mounted’ on another

EEI = % tree at any directory.

statf} info includes the inode
*and® the device. That pair
uniquely identifies the file.

= < < Each file on a disk has an inode
rumber.
Each disk has a debice TD.

The ‘'mount’ commaned reports what disks are
attached fo the tree at what directories. The
directories are called ‘'mount-points’,
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10) The Systern Calls for stundowd-fille ops

012

cannand,  sycalls actlew

Fiv winlink() remeves o link
Flimky == 0, deallecate
v ridie () Aelinky o divectory
e lenk() creates o-nel link
v lonk() trenwnlink)
new rename()
wikdir wkdir()  creates new directory
page013.html Writing pwd

11) wriking pwd

b printythe pathy terthe-current divectory. Bub
the current directory only kncws ielf ar " How
cawy ity lovatiovw e the tree be determined ?

CIBIE

di
a2
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page014.html Multiple Names for Same File

Hard Links: Different Names for the Same File

refer by J’ ;gﬁ:z; $ In filel greet
inum 47 greet
- - '
-
e
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 filel? 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
file system. 123 Main St vs 123 Maple St

014
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Symbolic Links: Another Way for Different Names, Same File

47 ﬁe:
22_,'11@2 refer by $ In-s filel file2
47_grc‘et name
| filel ‘lu Hel ‘
U;’—"____F %
inade 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 filel1? 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 Tmages

s 83
74
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page017.html
Making Links: Time Lapse Tmages
; 83 .
$ echo hello > filel 74 create a file
= called filel
47 flel containing
data: hello

contents:

017
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Making Links: Time Lapse Tmages

i 83
$ echo hello > filel 74 In makes a new
o name for same
47 Sl inode.

$ In filel greet

47 greet

reqfular filg ]
contents: hello
contains data
file with
inode 47
page019.html
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Making Links: Time Lapse Tmages

$ echo hello > filel ‘32 In -s makes a
$ 1n filel greet 47 filel ;‘[{mﬁl’l}::t'lt’lew
ile containing
$ 1n -s filel file2 i?\ﬂezt the name “file1”
gree

contents:
contains a fflename
file with file with
inode 47 inode 22
page020.html
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Making Links: Time Lapse Tmages

$ echo hello > filel ‘?Z - Al three of
i = these refer to
$ In filel greet
S e same file
$ 1n -s filel file2 22 file2
47\greet

reqfular filg
contents: hello

contains data contains a filename

file with file with
inode 47 inode 22

020
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Muiltiple 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
inum. 22 ‘ﬁle2 symlink: link to 22
all three of 47 t .
Refers these refer to \gree another link to 47
by the helio file
inum Symbolic
Link:
a ﬁie that
contains
contents:

the name

of a file:
contains afflename Refers
by name
file with file with o ol
inode 47 inode 22

inode num.

Symlinks  can refer to directories and files on other disks
Hard linics cannot refer to directories or files on other disks
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Making Links: Time Lapse Tmages

s 83
74

contents:
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