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Gigabites and Gigabytes
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Twicethe meat, Twicethe bytes,
sameprice! sameprice!
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Is Bigger Better?

The“Absurd” Disk (stolen from Jim Gray)
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+2.5 hr scantime
(Poor sequential accesy
*1 accessper second/5 GB
(VERY cold data)

oI’ satapel

Talk & NASA Goddar d on stor age trends and on interesting appli cations (Terr aSer ver, EOS/DIS, Sloan Sky Survey), 9/21/00, Jim Gray
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McL ean Storage

Can We Afford to Waste Food? Yed
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Areal Density of Magnetic HDD and DRAM
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M any Small Devices (stolen from Jim Gray)

Talk & NASA Goddar d on stor age trends and on interesting appli cations (Terr aSer ver, EOS/DIS, Sloan Sky Survey), 9/21/00, Jim Gr ay
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Non-contributions and Contributions

* Non-contributions
— The big “revelation” that more disks give better performance
— Striping, rotationa data replication, and RAID-10
« Contributions
— A new disk array design (SR-Array)
— Andyticad models and evauations for different configurations

— Software-only implementations of disk head location
prediction and SATF disk array scheduling
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SR-Arr ay Overview

« Saaifice cgacity to improve both seek and rotational
delay

— Use Striping to improve seek time

— UseRotationd data replication to improve rotationa delay
» Balance seek and rotational delay improvements

— Consider disk parameters

— Consider workload parameters
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Hard Questions

So ddn't RAID answer al the questions? Not guite...
Bandwidthis easy, but how about latency and
throughpu?

Given Dx disks, what's the best way of using the extra
cgpadty?

— So many choices: striping, mirroring, “RAID-10", ...

— Even better alternatives?

— What performance can | exped on dl these dternatives?

— Guidance on configuration gven workload parameters?
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Outline

* SR-Arr ay design and models

* Implementation

* Experimental results

« Conclusions
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Start with a Single Disk of Data

O
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“Split” It into Three Piecss...

&
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“Split” It into Three Piecss...
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“Split” It into Three Piecss...
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“Split” It into Three Piecss...
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“Split” It into Three Piecss...
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3-Way Striping

« Saaifice space inthe middle
« Restrict arm movement to reduce seek delay
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Rotational Delay

« Higher degreeof striping hits diminishing return
« Rotationd delay takes over
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Rotational Delay

¢ Consider the 4 sectorsin atrad...
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Replicating aSedor-...
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Replicating aSedor-...
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Replicating aSedor ...
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Replicating aSedor ...
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Replicating aSedor ...
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Replicating aSedor ...
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Replicating aSedor-...
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Replicating aSedor-...

« But what about the gray sector that is about to be replaced?
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Replicating aSedor ...

* Move the gray sector to adifferent track
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Replicating aSedor ...

* Move the gray sector to adifferent track
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Rotational Data Replication

« Pick the closest red sector to read
« Average rotationd delay cut in haf

Rotational Data Replication

« Do the sameto the blue and green sectors
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2-Way Rotational Data Replication

« If we rotationally replicate every sector 2x...

« Then we occupy 2x tracks on asingle disk
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Splitting the Disks Again...

¢ To hring back down the seek time.

35
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Rotational Data Replication

« Andwedothistodl disks...

« Now our seek time has gotten worse ajain
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Splitting the Disks Again...

¢ To hring back down the seek time.
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Splitting the Disks Again...

Splitting the Disks Again...

¢ To hring back down the seek time.

S8
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¢ To hring back down the seek time.
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A 3x2 SR-Arr ay
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A 3x2 SR-Arr ay

CDC O D

« 1/6 of original data on each disk
* < 1/3 of max/avg seek distance of original disk
« 1/2 of max/avg rotational delay of original disk

40 Randy Wang

The SR-Arr ay “Aspect Ratio”

Dl’
« Ds controls ek reduction

« Dr controls rotational reduction|
*GivenD =Dsx Dr, howdol

decide Ds and Dr?
@ ® ® « Functions of disk and workload
parameters
DS
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Dl'

The SR-Arr ay “Aspect Ratio”
« Ds controls ek reduction
« Dr controls rotational reduction|

®® *GivenD =Dsx Dr, howdol
decide Ds and Dr?

@ @ « Functions of disk and workload
parameters
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The“ Square-Roat Rules’

* Best configuration for random read:
Ds= 2—SD Dr= i?D
3R 2S

* Best overhead-independent latency:

Thest= | 2R
3D

* More sophisticated model s take workload parameters
into acmunt

« In generd, the overhead-independent part of the
!Batency improves by \/D

Outline

* Implementation
* Experimental results

« Conclusions

44 Randy Wang

Head L ocation Prediction
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The MimdRAID Prototype

[ vsr bwicenrive | Kema DeviceDriver(z) || ® SCSI: deviceinteraction with 9G
10K RPM Seagae disk

| L‘ngl Dis || * Simulator: faithfully emulates the

Seagate disks to shorten
experimental time
¥ ® Calibration: disk layout extraction

Sheduling and disk head location prediction
b * Scheduling: includes rotational

[ Disk Configur ation
T

positioning sensitive scheduling
Calibration algorlthms
Head Position Geomary * Disk configuration: configures an
array as astriping, mirroring, or
H SR-Array system
Smustor— Ahsmm‘ Ll * Lodical disk: exposes the
‘ MimdRAID as drive Z: or an API
1
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« Measure rotationd speed by repeatedly reading the reference
sector

« Notetimestamp of last reference sector read

« Rotationd position at any time can be c culated relative to the
reference sector

« Re-cdibrate by re-reading the reference sedor every two minutes
« Error: 1% of full rotationd time with 98% confidence

« Also need to extract block mapping and predict operation timing
¢ Use head position info to implement SATF scheduling
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L ocation of Replicas

Co—-E3

« Rotationd replicas within same trac hurts bandwidth
« SR-Array: replicas on different tracksin same cylinder
* RAID-10: replicas on dfferent disks
¢ SR-Array vs. RAID-10

— No “equivalent” schedule for a general request stream

— Scheduling is more amplicated onRAID-10

— RAID-10 providesreliability

— Can combine the two
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Scheduling

= = =
s Jlala )

¢ Reas

— Per-drive SATF scheduling

— For mirroring: queue request on all relevant drives, and cancel all but one
* Writes

— Write dosest replicasynchronausly as we do reads

— Remaining replicas propagated in badground

— Overwritten blocks discarded from badkground queue

— Location(s) of partially completed block propagation kept in NVRAM for

recovery
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Outline

* Experimental results
« Conclusions
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File System Response Time (HpL celio)

Response Time (ms)
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TPC-C Response Time
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Accelerate File System Trace (HpL cello)

Accelerate TPC-C Trace
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* Conclusions
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On-going Work

Conclusions

*OneDsx Dr x Dm configuration

« A couple configuration levels, like AutoRAID

* A smooth continuum of configuration levels
—Highly dynamic
—Movement across level s while minimizing copies

- — True self-configuring storage S

« Necessty, opportunity, and feasi bili ty of trading cgpacity for
performancein adisk array

« A new disk array design (SR-Array) for reducing seek and
rotationa delay, and hence, improving latency and throughput

* Modelsthat guideits configuration based on disk and workload
characteristics
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Princeton MimdRAID

http://lwww.cs.princeton.edu/~rywang/mimdraid

57 Randy Wang

10



