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PERSISTENCE:
RAID




ONLY ONE DISK?

SOLUTION I: JBOD

Application

FS® FS B FS @l FS

Applicationis smart, stores different
files on different file systems.

JBOD: usta unch f 1isks




SOLUTION 2: RAID

Application
FS

Fake Logical Disk

Build logical disk from many physical disks.

RAID: edundant rray of nexpensive isks

WHY INEXPENSIVE DISKS?
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GENERAL STRATEGY:
MAPPING

Disk Disk
0 100 O 100

GENERAL STRATEGY:
REDUNDANCY

Disk Disk Disk Disk
100 O 100 0 100 0 100




MAPPING

REDUNDANCY




REASONING ABOUT RAID

RAID DECISIONS




WORKLOADS

METRICS




RAID-O: STRIPING

Optimize for capacity. No redundancy

Logical Blocks: 2,345 |6 |7
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Disk 0 Disk 1

4 DISKS




CHUNK SIZE

assume chunk size of 1



RAID-0: ANALYSIS

RAID-I: MIRRORING

LogicalBlocks™ 0 | 1 |2 (3
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Disk 0 Disk 1




RAID-1 LAYOUT
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RAID-I: 4 DISKS

Disk 0 Disk 1 Disk 2 Disk 4
0] 0 1 1

2 2 3 3
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How many disks can fail?




RAID-I: ANALYSIS

RAID-I: THROUGHPUT




RAID-I: THROUGHPUT

What is steady-state throughput for

- random reads? N*R
- random writes? N2 *R
- sequential writes? N2*S

- sequential reads?  Book: N/2* S (other models:N * S)

CRASHES




CRASHES

Disk0 isk1

write(A) to 2

CRASHES

write(A) to 2
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write(A) to 2

CRASHES




CRASHES

Disk0 Diskl1

write(T)to 3

CRASHES

write(T)to 3




CRASHES

Disk0 Diskl1

CRASH!!!

CRASHES

after reboot, how to
tell which data is right?




H/W SOLUTION
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RAID-4 STRATEGY

EXAMPLE

DiskO Diskl Disk2 Disk3  Disk4

Stripe:




EXAMPLE

Disk0 Diskl Disk2 Disk3 Disk4
Stripe:
(parity)

EXAMPLE

DiskO Diskl Disk2 Disk3  Disk4
Stripe: o) 3 0 1
(parity)




EXAMPLE

Disk0 Diskl Disk2 Disk3 Disk4
Stripe: o) 3 0 1 9
(parity)

EXAMPLE

DiskO Diskl Disk2 Disk3  Disk4
Stripe: o) X 0 1 9
(parity)




EXAMPLE

Disk0 Diskl Disk2 Disk3 Disk4
Stripe: o) 3 0 1 9
(parity)

EXAMPLE

DiskO Diskl Disk2 Disk3  Disk4
Stripe: 2 1 1 X 5
(parity)




EXAMPLE

Disk0 Diskl Disk2 Disk3 Disk4
Stripe: 2 1 1 1 %

(parity)

EXAMPLE

DiskO Diskl Disk2 Disk3  Disk4
Stripe: 3 0 1 2 X
(parity)




EXAMPLE

Disk0O Diskl Disk2 Disk3 Disk4
Stripe: 3 0 1 2 6
(parity)

RAID-4: ANALYSIS

Disk0 Diskl Disk2  Disk3

3 0 1

2

Disk4
6
(parity)




RAID-4: THROUGHPUT

What is steady-state throughput for

Disk0 Diskl Disk2 Disk3 Disk4
3 0 I 2 6
(parity)

RAID-5

Disk0 Diskl Disk2 Disk3  Disk4
P




RAID-5: ANALYSIS

Disk(Disk1Disk2Disk3Disk4
P

F

RAID-5: THROUGHPUT

Disk0 Diskl Disk2 Disk3 Disk4
3 0 1 2 6
(parity)

Disk(0Disk1Disk2Disk3Disk4
P

P




RAID LEVEL
COMPARISONS

Reliability Capacity
RAID-0
RAID-1
RAID-4
RAID-5

RAID LEVEL
COMPARISONS

Read Latency Write Latency
RAID-0
RAID-1
RAID-4
RAID-5




RAID LEVEL
COMPARISONS

SeqRead Seq Write Rand Read Rand Write

RAID LEVEL
COMPARISONS

SeqRead SeqWrite Rand Read Rand Write
RAID-0
RAID-1

RAID-5




SUMMARY




