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Review

= Yirtual Machine Revival
Coaroome ceourity Mawe of modern O Bsc
Proosceor parformenacs mo longer highest priority

Manags 3oftears, Maunags Handsam
VMMs give O5 developers another opportunity

tu dE'nreIup nctionality no longer practical in

t ‘s complex and ossified o ng systems,

where innovation mowves at Ogic pace .

[Rocanblum 2nd Sanflnis, 200E]

= Virtualization challenges for processor, virtual

memory, 0

= "mrwvirbaa lesban, BS upprediae b copa wih BRoaes drthou s

= Xen as example VMM using paravirtualization

2006 parformanos nion-0 bound, I.IE It rclve appe: 20% of
nathes Linus with dirlvar WM, 4% drikrar W

= Opteron memory hierarchy still critical to
performance -
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Case for Storage

» Shift in focus from computation to
communication and storage of information
E.g.. Cray R=csarshThinking Machinas ve. Soog ke ahoo

=The Compuiing Fesolufion” [1880¢ fo 16820s)
-'-'I11:|ITI'-:|r|'n n Age”™ (1550 to doday)

emphasizes reliability and scalability as
we-ll a5 m:l -performance
= What is “ Software king” that determines which
HW acually features used?
Oparating Syafem for storags
Compller for processor

» Also has own performance theory—aqueui
theory—balances throughput vs. response ti
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Outline

= Magnetic Disks

= RAID

Administrivia

Advanced Dependability/Reliability/Availability
11D Benchmarks, Performance and Dependability
Intro to Gueuweing Theory (if we have time)
Conclusion
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Disk Figure of Merit: Areal Density
= EBits recorded along a track

—~ Mwire o ik 'sr inch (2170
= Mumber of tracks par surface
- Mimirsc o Irwcke [wr Inch (L1
« Disk Dwelgns Brag about bit denslty per unit area
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Historical Perspective

+ 1355 |BM Ramac — aarly 15708 Wincheater

= Lwwvwloped for meimrhams compulsrs, preprebery misrfacrea
= YSimsdy shrmk m form tectoe: 27 m. o Bon.

+ Form factor and capacity drives market more than parformancs
+ 18702 devalopmenta

= EI% ich Hopey duk loreSacior [mecrccods imlo mesfreme|
= Emrmrpanoe ot edusty stenderd disk =Serfsces

« Early 1380s: PC2 and firet genaration warketations
« Mid 13808: Cllant/esrver computing

= Lemiraloed stcregs oo hile werser
¢ wroHErstsd dSuk downsming: Eoinch o 5353

= My muarkst diak drivee Escome B redlfy
» indwabry sfsnderde: SLE, WP ILE
# 335 inch b= 23 mch drives for 1"Cu, Eed ot preprehery misreces

« 15002; Laptops == 2.5 Inch drivee
+ 20002 What new devices leading to new drives?
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Future Disk Size and Performance

- E;uﬁ:ﬂ advanu-rli- in capacity {&0%/yr) and
= Slow improvement in seek, rotation (3%iyr)

= Time to read whole disk

Year Sequentially Random

{1 sector/seek)
1590 4 minutes & hours
2000 12 minutes 1 week('}
2006 96 minutes 3 weeks | 5C5l)
2006 171 minutes T weeks (SATA)
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Use Arrays of Small Disks?
-Katz and Patterson asked in 1967:

*Can smaller disks be used to close gap in
performance between disks and CPUs?

i
Conventional:
4 disk - 1
designs 357 R 25" 10" -
14
‘ Low End » High End l

Disk Array:
1 disk de=ign

15— Eﬂﬁ
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Advantages of Small Formfactor
Disk Drives
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Replace Small Number of Large Disks with
Large Number of Small Disks! (1988 Disks)

IBM 3390K |IBEM 3.5" D061 xr0

Capacity | 20 GBytes 320 MBytes 23 GBytes
Volume 97 cu. ft. 0.1 cu. ft. 11 cu. L. 3X
Power 3 KW 1MW 1 KW 232X
Data Rate| 15 MB/s 1.5 MBis 120 MB/s &%
IO Rate 600 110s/s BR 1I0s/s 3900 10s/s 86X
MTTF 250 KHrs 50 KHrs 777 Hrs

Cost $250K S2K $150K

Dizk Arrays have potential for large data and
IiO rates, high ME per cu. ft., high MB per KW,
but what about relighiluiy 3.

Array Reliability

» Reliability of N disks = Reliability of 1 Disk =N

10,00 Hiours + T0 dicke = T Bours

Dlck cyetnm MTTF: Drops from 8 years bo 9 moertl

* Arrays (without redundancy) too unreliable to be useful!

Hot spares support reconstruction in parallel with
access: very high media availability can be achieved
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Redundant Arrays of (Inexpensive) Disks

= Files are "striped"” across multiple disks
» Redundancy yields high data availability

Avallabiiity: esrvice stll provided fo ueer, even If some
companents falled

 Disks wall still fail
- Contents reconstructed from data redundantly

stored in the array
= Capacity penalfy to atore redundant Info
= Bandwidth panalty to update redundant Info
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