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device drivers and interrupt
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actual I/O operations

Layered
File System



Overview: 1/4

A file system hason-disk and in-memory
Infor mation.

A disk may contain the following for
Implementing a file system on it:
“* A boot control block per volume
“*A partition control block per volume
“*A directory structure per file system
A file control block per file

dIn-memory information include
“*An in-memory partition table
“*An in-memory directory structure
“*The system-wide open-filetable
“*The per-process open-filetable



Overview: 2/4

atypical file control block FCB JA FCB, filecontrol

block, containsthe
file permission details of afile.

file date dinUnix,aFCB s

file owner, group, ACL called an i-node.

file size

file data blocks




Overview: 3/4 3: read the directory

4: update FCB and directory :
kernel memory  disk memory

user program

open(fil enane)}— directory structure
k: directory structure
1: create anew file T >

FCB

5: afile deg‘}criptor/file handle
ISsreturned

2: allocate a new FCB



Overview: 4/4

| ndex |
kernel memory disk memory
user program 0er -pr ocess
open-filetable -
o
_‘ Data blocks
read(i ndex)  [— system-wide
open-filetable
\\

FCB




Directory Implementation

A Filedirectory isusually implemented as a
linked-list or atree(e.g., B-tree), a hash table
with chaining, or the combination of both.

dThe problem with the linked-list approach is
the poor performancein searching for afile.
Directory search isavery frequently
performed operation.

JThe hash table approach speeds up search;
however, we must deal with the problem of
collisions. Thus, chaining is necessary.



Directory Entries: 1/2

A directory issmply afile!

A directory entry may bevery simplelikethe
one used by MS-DOS. Or, it may be quite
complex likethe Unix i-node.

Bytes 8 3 4 2 2 4 2 4
N Creation Last Last write e
P nanG = T date/time |access date/time e g
sl Sec Upper 16 bits Lower 16 bits
of starting of starting
block block

extended MS-DOS directory entry used in Windows 98




Bytes 2

Directory Entries: 2/2

File name

1 Unix directory entry

- |
l-nod  find/ usr/ast/ nbox
number |

Block 132 I-node 26 Block 406
|-node 6 is fusr is for is /usr/ast
Root directory is for /usr directory fusriast directory
-
2 6| - 26 | »
74 Mode / Mode
_— i size A" e size 6 |+
times ; times
bin 19 | dick 64 | grants
dev 30 | erik G Rt S e
14 | lib 51 1 iim 60 | mbox
G L_GIC " 26 | ast B L LR
—E 6 | usr ‘ - 4o | oal | 17 | src
[ B8 | tmp
I-node 6 I-node 26
Looking up says that fusr/ast says that fusr/ast/mbox
usr yields fusris in is i-node /usriast is in is i-node
I-node 6 block 132 26 block 406 60



File Allocation Methods

dTherearethreetypical file space allocation
methods:

“*Contiguous Allocation
+*Linked Allocation
+*| ndexed Allocation



Contiguous Allocation: 1/3

JdWith the contiguous allocation method, a user
must indicate thefile size befor e creating thefile.

dThen, the operating system searchesthedisk to
find contiguous disk blocksfor thefile.

dThedirectory entry iseasy. It containstheinitial
disk address of thisfileand the number of disk
blocks.

A Therefore, if theinitial addressisb and the
number of blocksisn, thefilewill occupy blocks Db,
b+1, b+2, ..., b+n-1.



Contiguous Allocation: 2/3

directory
File Name _Start Block  Length
File A 2 3
File B 9 5
File C 18 8
File D 30 2
File E 26 3

Since blocks ar e allocated

contiguoudly, external

fragmentation may occur.

Thus, compaction may be

needed.




Contiguous Allocation: 3/3

d Contiguous allocation is easy to Implement.
dltsdisadvantages are

1t can be considered as a form of dynamic
memory allocation, and external fragmentation
may occur and compaction may be needed.

It isdifficult to estimatethefilesize. The size of
a filemay grow at run time and may be larger
than the specified number of allocated blocks.
In this case, the OS must move the blocksin
order to provide mode space. |n some systems,
thisissmply an error.



Linked Allocation: 1/3

dWith thelinked allocation approach, disk
blocks of afile are chained together with a
linked-list.

dThedirectory entry of afile containsa pointer
tothefirst block and a pointer to the last block.

dTocreateafile, wecreateanew directory entry
and the pointersareinitialized to nil.

dWhen awriteoccurs, anew disk block i1s
allocated and chained to the end of thelist.



Linked Allocation: 2/3

s e directory
File B File Name Start Block Length
0 1 2 tew -
File B 5 L ast Block
= NoREC
10 ] 11|::] 22 ]13 : :
15 16 :ooo“rlooolomnoo !ﬁooquooooooo: ooooooo : E . .
JFileblocksarechained into a
20 21 2| |23 | ) . o
linked-list.
5[ J2¢[ J27[ ]2 Leebfececcaccncces cesescescnset _
o 31 32— 35— a4 JdThedirectory entry has pointers

—— ' — tothefirst and last file blocks.

dAppend isdifficult to do without
thelast pointer.




Linked Allocation: 3/3

J Advantages.
‘*File size does not haveto be specified.
“*No external fragmentation.

d Disadvantages.

“*I1t does sequential access efficiently and is not
for direct access

“»Each block contains a pointer, wasting space

“*Blocks scatter everywhere and alarge number
of disk seeks may be necessary

*Reliability: what If a pointer islost or damaged?



File Allocation Table (FAT)

directory

test

0

—p- 217

339

217

618

no. of blocks-1

FAT

618

end-of-file

339

d Thisisavariation of the
linked allocation by
pulling all pointersinto a
table, thefile allocation
table (FAT).

O Largeno. of disk seeks.
 Can do direct access.
d FAT needs space.

d The left diagram shows
filet est hasitsfirst

block at 217, followed by
618, 339 (end of file).

d What if FAT isdamaged?
Weall know it weall!



Indexed Allocation: 1/4

J Each file has an index block that iIsan array of
disk block addresses.

dThei-th entry in theindex block pointsto thei-th
block of thefile.

A file'sdirectory entry contains a pointer to its
Index. Hence, theindex block of an indexed
allocation playsthe samerole asthe page table.

dIndex allocation supports both sequential and
direct access without external fragmentation.



Indexed Allocation: 2/4

directory
File B File Name Index Block
0 2 4 (RN M
File B @
5 6 ” “e e
10 11 12
15 16 17
. I
zal 21 22 23 8
3
25 26 27 28 14
! \| 28
30 f31] [32( |33 J34 Index block
\""--___ Ay o




Indexed Allocation: 3/4

dTheindexed allocation suffersfrom wasted space.
Theindex block may not befully used (i.e., internal
fragmentation).

dThenumber of entries of an index table determines
thesize of afile. To overcomethisproblem, wecan

“*Have multiple index blocks and chain them into
alinked-list

“*Have multiple index blocks, but makethem a
treejust likethe indexed access method

«* A combination of both



Indexed Allocation: 4/4

I-node
Single
R Attributes indirect Double
E _‘Q :.:--r" / block indirect block
: = gl R Addresses of
g | E 1> " g T””L‘Egz”*“ data blocks
ER T I I — i~
ERE 5 . I~
] n e
£ s—».
EEEEER '_..--"r
. —
/ ] _»
256 entries per index table. . .
What 1sthe maximum size of afile? -
= a8




Free Space Management

JHow do wekeep track free blockson a disk?

A free-list iIsmaintained. When a new block Is
requested, we sear ch thislist to find one.

dThefollowing are commonly used techniques:

\/

*Lin
*LIn
*LIn

L)

L)

4

L/

L)

4

L/

L)

KEC
KEC

KeEC

+Bit Vector

_ ISt
_ist + Grouping

| Ist+Address+Count



Bit Vector

J Each block isrepresented by a bit in atable. Thus,
If therearen disk blocks, thetable hasn bits.

dIf ablock isfree, its corresponding bit 1s 1.

JWhen ablock isneeded, thetableissearched. Ifal
oIt Isfound In position k, block k isfree.

dIf thedisk capacity issmall, the whole bit vector can
pestored in memory. For alargedisk, thisbit
vector will consume too much memory.

dWe could group afew blocksinto a cluster and
allocate clusters. This saves space and may cause
Internal fragmentation.

JAnother possibility isthe use of a summary table.




Linked List

dLikethelinked allocation method, free blocks can
be chained into alinked list.

JWhen afreeblock isneeded, thefirst in thechain is
allocated.

JHowever, this method has the same disadvantages
of thelinked allocation method.

dWecan usea FAT for thedisk and chain thefree
block pointerstogether. Keep in mind that the
FAT may bevery large and consume spaceif it is
stored in memory.



A Thefirst free block containsthe addr esses of n
other free blocks.

JdFor each group, thefirst n-1 blocks are actually

Grouping

freeand thelast (i.e., n-th) block containsthe
addresses of the next group.

dInthisway, we can quickly locate free blocks.

\

3| 8| 50 3 6
(3& 8Barefree)
8
12
20 \éo
——
(6& 12 arefree) 6 |12

20




Address + Counting

dWe can makethelist short with the following trick:
“*Blocks are often allocated and freed in groups

“*We can storethe address of thefirst free block
and the number of the following n free blocks.

free block list

disk



