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7200 RPM = 120 RPS => 8 ms per rev
avg rot. latency = 4 ms

128 sectors per track, 0.25 ms transfer per sector
1 KB per sector => 16 MB / s

Response time
= Queue + Controller + Seek + Rot + Xfer

Service time
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Disk Latency = Queuing Time + Controller time +
Seek Time + Rotation Time + Xfer Time

Order of magnitude times for 4K byte transfers:

Seek: 8 ms or less

Rotate: 4.2 ms @ 7200 rpm

Xfer: 1 ms @ 7200 rpm
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Year Areal Density
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2000 17,100   
2006 130,000 
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14”
10”5.25”3.5”

3.5”

Disk Array:    
1 disk design

Conventional:                 
4 disk  
designs

Low End High End

Katz and Patterson asked in 1987: 
- Can smaller disks be used  to close gap in performance 
between disks and CPUs?
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Low cost/MB
High MB/volume
High MB/watt
Low cost/Actuator

Cost and Environmental Efficiencies
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Independent 
writes
possible 
because of
interleaved 
parity

Independent 
writes
possible 
because of
interleaved 
parity

D0 D1 D2 D3 P

D4 D5 D6 P D7

D8 D9 P D10 D11

D12 P D13 D14 D15

P D16 D17 D18 D19

D20 D21 D22 D23 P
.
.
.

.
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.

.

.

.

.

.

.

.

.

.
Disk Columns

Increasing
Logical

Disk 
Addresses

Example: 
write to 
D0, D5 
uses disks 
0, 1, 3, 4

22

'��#��� ���(���� �������+��� ����, �����'��#��� ���(���� �������+��� ����, �����

D0 D1 D2 D3 PD0'

+

+

D0' D1 D2 D3 P'

new
data

old
data

old 
parity

XOR

XOR

(1. Read) (2. Read)

(3. Write) (4. Write)

RAID-5: Small Write Algorithm

1 Logical Write = 2 Physical Reads + 2  Physical Writes
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��� � ���+�!�"��*����J������ � ���+�!�"��*����J���

• Disk Mirroring, Shadowing (RAID 1)

Each disk is fully duplicated onto its "shadow"

Logical write = two physical writes

100% capacity overhead

• Parity Data Bandwidth Array (RAID 3)

Parity computed horizontally

Logically a single high data bw disk

• High I/O Rate Parity Array (RAID 5)

Interleaved parity blocks

Independent reads and writes

Logical write = 2 reads + 2 writes
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