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" PERSISTENCE:
CRASH CONSISTENCY

DATA REDUNDANCY
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FILE SYSTEM

REDUNDANCY EXAMPLE

QUESTION FOR YOU...
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PROS AND CONS OF

REDUNDANCY

CONSISTENCY EXAMPLES
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WHY IS CONSISTENCY

CHALLENGING?

QUESTION FOR YOU...
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HOW CAN FILE SYSTEM

FIX INCONSISTENCIES?

FSCK CHECKS
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LINK COUNT (EXAMPLE D

Dir Entry

inode
link count=1

Dir Entry

LINK COUNT (EXAMPLE D

Dir Entry

inode
link count=2

Dir Entry
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LINK COUNT (EXAMPLE 2)

inode
link count=1

LINK COUNT (EXAMPLE 2)

Dir Entry

inode
link count=1
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DATA BITMAP

inode block
link_count =1 (number 123)

data bitmap

0011001100

DATA BITMAP

inode block
link count=1 (number 123)

data bitmap
0011001101
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DUPLICATE POINTERS

inode block
link_count =1 (number 123)

inode
link count=1

DUPLICATE POINTERS

inode block
link count=1 (number 123)

inode block
link count=1 (number 789)
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DUPLICATE POINTERS

inode block
link_count =1 (number 123)

inode block
link_count =1 (number 789)

BAD POINTER

inode
link count=1

super block
tot-blocks=8000
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BAD POINTER

inode
link count=1

super block
tot-blocks=8000

PROBLEMS WITH FSCK
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PROBLEM 2:
FSCK' IS VERY SLOW

1 = se se
% Phase

- 488885888

Checking Time (Second)

150GB 300GB 450GB 600GB
File system image size

CONSISTENCY SOLUTION
#2: JOURNALING
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CONSISTENCY VS

CORRECTNESS

JOURNALING
GENERAL STRATEGY
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FIGHT REDUNDANCY WITH
REDUNDANCY

FIGHT REDUNDANCY WITH
REDUNDANCY
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FIGHT REDUNDANCY WITH
REDUNDANCY

FIGHT REDUNDANCY WITH
REDUNDANCY
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FIGHT REDUNDANCY WITH
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FIGHT REDUNDANCY WITH
REDUNDANCY
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FIGHT REDUNDANCY WITH
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FIGHT REDUNDANCY WITH
REDUNDANCY
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FIGHT REDUNDANCY WITH
REDUNDANCY

FIGHT REDUNDANCY WITH
REDUNDANCY
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FIGHT REDUNDANCY WITH
REDUNDANCY

FIGHT REDUNDANCY WITH
REDUNDANCY
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QUESTION FOR YOU...

INITIAL SOLUTION:
JOURNAL NEW DATA
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void update_accounts(int cashl, int cash2) {
write(cashl to block 2) // Alice backup
write(cash2 to block 3) // Bob backup
write(l to block 4) // backup is safe
write(cashl to block @) // Alice
write(cash2 to block 1) // Bob

write(@ to block 4) // discard backup

void recovery() {
if(read(block 4) == 1) {
write(read(block 2) to block @) // restore Alice
write(read(block 3) to block 1) // restore Bob

write(@ to block 4) // discard backup

TERMINOLOGY

11/14/15
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PROBLEM WITH INITIAL
APPROACH: JOURNAL SIZE

FIX #1: SMALL JOURNALS
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NEW LAYOUT

NEW LAYOUT
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NEW LAYOUT

NEW LAYOUT

11/14/15

24



11/14/15

NEW LAYOUT

NEW LAYOUT
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NEW LAYOUT

NEW LAYOUT
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NEW LAYOUT

OPTIMIZATIONS
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CORRECTNESS DEPENDS

ON ORDERING

ORDERING
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OPTIMIZATIONS

CHECKSUM
OPTIMIZATION
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CHECKSUM
OPTIMIZATION

461 c | T l(ck)

OPTIMIZATIONS

11/14/15
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WRITE BUFFERING

OPTIMIZATION

CIRCULAR BUFFER
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CIRCULAR BUFFER

CIRCULAR BUFFER
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CIRCULAR BUFFER

OPTIMIZATIONS
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PHYSICAL JOURNAL

TxB 0000000000 inode
length=3 JUDUUILL L .. data block TxE

addr[?]=521

0000000000
0000100000

blks=4,6,1 (checksum)

PHYSICAL JOURNAL

- 0000000000 . .
> . 1 0000000000 T
length=3 : data block | oo

0000000000 -
= 7=
blis=4,6,1 ¥ 00y100000 | 2441 171=521
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LOGICAL JOURNAL

OPTIMIZATIONS

35



11/14/15

FILE SYSTEM
INTEGRATION

FS
Journal

Scheduler

Disk

HOW TO AVOID WRITING
ALL DISK BLOCKS TWICE?
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WRITEBACK JOURNAL

WRITEBACK JOURNAL
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WRITEBACK JOURNAL

WRITEBACK JOURNAL
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WRITEBACK JOURNAL

ORDERED JOURNALING
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ORDERED JOURNAL

ORDERED JOURNAL
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ORDERED JOURNAL

ORDERED JOURNAL
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ORDERED JOURNAL

ORDERED JOURNAL
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CONCLUSION
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