Part IV 1/0 System

Chapter 12: Mass Storage Structure




Disk Structure

dThree eements. cylinder, track and sector/block.
dThreetypesof latency (i.e., delay)
“*Positional or seek delay — mechanical and slowest
“*Rotational delay
*Transfer Delay




Computing Disk Latency

dTrack size: 32K = 32,768 bytes

dRotation Time: 16.67 msec (millisecond)

J Average seek time: 30 msec

dWhat isthe averagetimeto transfer k bytes?

Average read time ‘+I16 67/2}+ (k/32K)[ 16.67

/

averagetimeto movefrom  on average wait thisisthe“length”
track to track a half turn the disk head must

pass to complete a
transfer




Disk Block Interieaving

no interleaving singleinterleaving doubleinterleaving

Cylinder Skew

The position of sector/block O
on each track is offset from
the previousone, providing

sufficient time for moving the

disk head from track to track.




Disk Scheduling

1 Since seeking istime consuming, disk scheduling
algorithmstry to minimizethislatency.

dWe shall discussthe following algorithms:
“*First-come, first served (FCFYS)
“»Shortest-seek-time-first (SSTF)
+SCAN and C-SCAN
L OOK and C-LOOK

1 Since seeking only involves cylinders, the input to
these algorithmsare cylinder numbers.



First-Come, First-Served

o 1 a 11, 12 16 34 6

0 Requests: 11, 1, 36, 16, 34, 9, 12
ServiceOrder: 11, 1, 36, 16, 34, 9, 12

3D

Total Cylinders Crossed
= 10435+20+18+2543
=111



Shortest-Seek-Time-First

0o 9 11, 12 16 34,736
1
Total Cylinders Crossed
3 =1+3+7+15+33 +2
= 61
7
15 Requests: 11, 1, 36, 16, 34, 9, 12

ServiceOrder: 11, 12,9, 16, 1, 34, 36
33

2
Starvation may occur! 53,




SCAN Scheduling: 1/2

dThisalgorithm requires one mor e piece of
Information: the disk head movement direction,
Inward or outward.

JThedisk head starts at one end, and movetoward
the other in the current direction.

J At theother end, thedirection isreversed and
service continues.

dSome authorsrefer the SCAN algorithm asthe
elevator algorithm. However, to some othersthe
elevator algorithm meansthe LOOK algorithm.



SCAN Scheduling: 2/2

0o, 1 9 11, 12 16

34 6 49

Ci: __________  inward

4
outer most trackc\\

Q-

inner most track

Requests: 11, 1, 36, 16, 34, 9, 12
18 :

Total Cylinders Crossed
=1+4+18+2 +13 +40 +8
= 86

40

outward

Total tracks: 50, 0to 49
Current direction: inward
Current head position: 11



C-SCAN Scheduling: 1/2

1 C-SCAN isavariation of SCAN.

dWhen the disk head reaches one end, move it
back to the other end. Thus, thisissimply a
wrap-around.

JTheC in C-SCAN meanscircular.



C-SCAN Scheduling: 2/2

%\ inner most track
| lermest hack Requests: 11, 1, 36, 16, 34,9, 12

Q- 18

Total Cylinders Crossed
=1+4+18+2+13+49+1+8

= 96
outward

49

Total number of tracks: 50, 0to 49
Current direction: inward
Current head position: 11




LOOK Scheduling: 1/2

dWith SCAN and C-SCAN, the disk head moves
acrossthe full width of the disk.

dThisisvery timeconsuming. In practice,
SCAN and C-SCAN are not implemented this
way.

JLOOK: Itisavariation of SCAN. Thedisk

head goesasfar asthelast reguest and rever ses
Iitsdirection.

dC-LOOK: Itissimilar to C-SCAN. Thedisk
head also goes asfar asthelast request and
reversesitsdirection.



LOOK Scheduling: 2/2

0o, 1 a 11 12 16 34 6

Ci: __________ ™ inward
%\ Requests: 11, 1, 36, 16, 34, 9, 12

18
Total Cylinders Crossed

=1+4+18+2 +27 +8 \‘2

= 60 outward

- ————— 0

27

Cr-l——

8 Current direction: inward
Current head position: 11

o



C-LOOK Scheduling

1 g 11, 12 16 34 b

ci1 Requests. 11, 1, 36, 16, 34, 9, 12
C\
18
Total Cylinders Crossed

=1+4+18+2 +35 +8 5
= 68 \

e
e
—
.—l.—-—"-'--
e
"
—

8 Current direction: inward
Current head position: 11



RAID Structure: 1/2

JRAID: Redundant Arrays of | nexpensive Disks.

JRAID isaset of physical drivesviewed by the
operating system asa singlelogical drive.

dDataaredistributed acrossthe physical drivers of
an array.

JRedundant disk capacity isused to store parity
Infor mation, which guarantees data r ecover ability
IS case of disk failure.

JRAID has6 levels, each of which isnot necessary
an extension of the other.



RAID Structure: 2/2
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RAID Level O

dThevirtual singledisk smulated by RAID is
divided up into strips of k sectors each.

d Consecutive strips arewritten over thedriversin a
round-robin fashion. Thereisnoredundancy.

dIf asingle /O request consists of multiple
contiguous strips, then multiple strips can be
handled in paralldl.
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RAID Level 1: Mirror

JEach logical strip ismapped to two separ ate
physical drivessothat every drivein thearray has
amirror drivethat containsthe same data.

JRecovery from adisk faillureisssmpledueto
redundancy.

A writerequest involvestwo parallel disk writes.
dProblem: Cost ishigh (doubled)!
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Parallel Access

JRAID Levels2 and 3requirethe use of parallel
accesstechnique. In aparallel accessarray, all
member disks participate in the execution of
every I/O and the spindles of the individual
drives are synchronized so that each disk head
ISin the same position on each disk at any given
time.

dDatastripsarevery small, usually asingle byte
or word.



RAID Level 2: 1/2

JAn error-correcting code is calculated across
corresponding bits on each data and the bits of code
arestored in the corresponding bit positions on disks.

dExample: A 8-bit byteisdivided into two 4-bit nibbles.
A 3-bit Hamming codeisadded to form a 7-bit word,
of which bits 1, 2and 4 are parity bits. This 7-bit
Hamming coded word iswritten to the seven disks,
one blt per dISk

\parity bits



RAID Level 2: 2/2

dCost is high, although the number of bitsneeded is
lessthan that of RAID 1 (mirror).

dThenumber of redundant disksis O(log, n), wheren
ISthe number of data disks.

JOn asingleread, all disksare accessed at the same
time. Thereguested data and the associated error -
correcting code are delivered tothe controller. If
thereiserror, the controller reconstructsthe data
bytesusing the error-correcting code. Thus, read
access is not slowed.

JRAID 2 would only be an effective choicein the
environment in which many disk errors occur.



RAID Level 3: 1/2

JRAID 3isasmplified version of to RAID 2. |t
only needs oneredundant drive.

A single parity bit iscomputed for each data
word and written to a parity drive.

dExample: The parity bit of bits 1-4 iswritten to
the same position on the parity drive.
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RAID Level 3: 2/2

d1f onefailing driveisknown, the parity bit can be
used to reconstruct the data word.

dBecause data are striped in very small strips,
RAID 3 can achieve very high data transfer rates.

dANny 1/O request will involve the paralld transfer
of data from all of the data disks. However, only
one l/O request can be executed at atime.



RAID Level 4: 1/2

JRAID 4 and RAID 5work with stripsrather than
individual data words, and do not require

synchronized

drives.

dThe parity of all stripson thesame“row” iswritten

on an parity o
dExample: stri

resultlngln a

rive.
ns0, 1, 2 and 3 areexclusive-Ored,
parity strip. excluswe OR




RAID Level 4: 2/2

dIf adrivefails, thelost bytes can be
reconstructed from the parity drive.

dIf asector fails, it iIsnecessary toread all drives,
Including the parity drive, to recover.

dTheload of the parity driveisvery heavy.



RAID Level 5

dToavoid the bottleneck of the parity drive of
RAID 4, the parity strips can bedistributed
uniformly over all drivesin around-robin fashion.

JHowever, datarecovery from a disk crash ismore
complex.
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