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REVIEW: BASIC LAYOUT

super  bit
block maps

inodes Data Blocks

REVIEW: create /foo/bar

data inode root foo bar root foo
bitmap bitmap | inode inode inode | data data




create /foo/bar [traverse]
data inode root foo bar root foo
bitmap bitmap | inode inode inode | data data
read
read
read
read

Verify that bar does not already exist

create /foo/bar

[allocate inode]

data inode root foo bar root foo
bitmap bitmap | inode inode inode | data data
read
read
read
read

read
write

11/14/15



11/14/15

create /foo/bar [populate inode]
data inode root foo bar root foo
bitmap bitmap | inode inode inode | data data
read
read
read
read
read
write
read
write
Why must read bar inode?
How to 1nitialize inode?
create /foo/bar [add bar to /foo]
data inode root foo bar root foo

bitmap bitmap | inode inode inode | data data

read
read
read
read
read
write

read
write

write
write

Update inode (e.g., size) and data for directory




data inode
bitmap bitmap

open /foo/bar

root foo bar
inode inode inode

root foo bar
data data data

read

read

read

read

read

writeto /foo/bar (assume file exists and has been opened)

data inode
bitmap bitmap

root foo bar
inode inode inode

root foo bar
data data data

read
write

read

write

write
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append to /foo/bar
data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data data
append to /foo/bar (opened already)
data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data data

read
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append to /foo/bar [allocate block]
data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data data
read
read
write
append to /foo/bar [point to block]
data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data data

read
write

read

write
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append to /foo/bar [write to block]
data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data data
read
read
write
write
write
read /foo/bar — assume opened
data inode root foo bar root foo bar

bitmap bitmap | inode inode inode | data data data

read

read
write
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close /foo/bar

data inode root foo bar root foo bar
bitmap bitmap | inode inode inode | data data  data

nothing to do on disk!

REVIEW: LOCALITY TYPES
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ORDER MATTERS

POLICY: CHOOSE INODE,
DATA BLOCKS
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BAD FILE LAYOUT

inode

S| (e bl DDDDDIDD|D

bppbDDDDDSDDDDDDDID

BETTER FILE LAYOUT

inode

S|i ek hEl DD DD D|D DD

ppbDDDDDDSDDDDDDDID
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BEST FILE LAYOUT

inode

S| (e bl DDDDDIDD|D

bppbDDDDDSDDDDDDDID

FAST FILE SYSTEM:
FES
(1980°S)
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SYSTEM BUILDING

MEASURE OLD FS

super

block inodes Data Blocks

13



11/14/15

MEASUREMENT [: AGING?

MEASUREMENT 2:
BLOCK SIZE?
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OLD FS SUMMARY

SOLUTION: A DISK-AWARE
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PLACEMENT TECHNIQUE I:
BITMAPS

super
block

bitmaps inodes Data Blocks

PLACEMENT TECHNIQUE 2:
GROUPS

super

block bitmaps inodes Data Blocks
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TECHNIQUE 2: GROUPS

super
block

bitmaps inodes Data Blocks

TECHNIQUE 2: GROUPS

super

block bitmaps inodes Data Blocks

17



11/14/15

TECHNIQUE 2: GROUPS

super

block bitmaps inodes Data Blocks

TECHNIQUE 2: GROUPS

super
block

bitmaps inodes Data Blocks
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TECHNIQUE 2: GROUPS

TECHNIQUE 2: GROUPS
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GROUPS

PLACEMENT TECHNIQUE 3:
SUPER ROTATION

11/14/15
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O1d FS: All super-block copies are on the top platter.
Correlated failures! Whatif top platter dies?

solution: for each group, store super-block at different offset

TECHNIQUE 4
BLOCK SIZE

21
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TECHNIQUE
LARGER BLOCKS
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SOLUTION: FRAGMENTS

FRAGMENT EXAMPLE
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file, size 5KB file, size 2KB

\

L[] A

file, size 6KB file, size 2KB

1 I

append A to first file

11/14/15
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file, size 6KB file, size 2KB

file, size 7KB file, size 2KB

1T

append A to first file
Not allowed to use fragments across multiple blocks!

Whatto do instead?

11/14/15
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file, size 8KB

|

o] |

file, size 2K B

11T}

append A to first file,
copy to fragments to new block

AAAA

OPTIMAL WRITE SIZE

11/14/15
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SMART POLICY

STRATEGY
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REVISED STRATEGY

Where to cut the tree and start .
growing into another group?

fileinode

— . linode

dir inode [ s
pointer \-

FFS puts dir inodes in a new group

“1s” 1s fast on directories with many files.
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PREFERENCES

PROBLEM: LARGE FILES
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Largefiles: where to cut thetree and start .

growing into another group?

file inode

dir inode

pointer
—_—

related

.......... ->

Define “large” as requiring an indirect block

Starting at indirect (e.g., after 48 KB)
put blocksin a new block group.

PREFERENCES
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GROUP DESCRIPTOR
(AKA SUMMARY BLOCK)

super | sum-
block | mary

bitmaps inodes Data Blocks

CONCLUSION
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ADVICE
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