1March 7, 1999cs 61C L15 Disks.1PattersonSpring99 'UCB

CS61CAnatomy of I/O Devices:Magnetic DisksLecture 15March 10, 1999Dave Patterson(http.cs.berkeley.edu/~patterson)www-inst.eecs.berkeley.edu/~cs61c/schedule.htmlcs 61C L15 Disks.2PattersonSpring99 'UCB

�Review..� 1/2�Protocol suites allow heterogeneousnetworking¥Another use of principle of abstraction¥Protocols � operation in presence of failures¥Standardization key for LAN, WAN�Integrated circuit revolutionizing networkswitches as well as processors¥Switch just a specialized computer�High bandwidth networks with slow SWoverheads don�t deliver their promisecs 61C L15 Disks.3Patterson Spring 99 'UCB

Outline�Basic Terms/ Mechanical Operation�History�Disk Performance�Administrivia, �What�s this Stuff Good for�Disk Trends�Disk Arrays, Reliability�RAID�Conclusioncs 61C L15 Disks.4Patterson Spring 99 'UCB

Magnetic Disks�Purpose:¥ Long-term, nonvolatile, inexpensivestorage for files¥ Large, inexpensive, slow level in thememory hierarchy (discuss later) Processor (active)Computer

Control(�brain�)Datapath(�brawn�)Memory(passive)(where programs, data live whenrunning)Devices

InputOutputKeyboard, MouseDisplay, Printer

Disk,Network cs 61C L15 Disks.5Patterson Spring 99 'UCB

Platter

Disk Device Terminology�Several platters, with information recordedmagnetically on both surfaces (usually)Actuator�

Actuator moves head (end of arm,1/surface)over track (

�seek�

), select surface, wait for sector rotate under head, then read or write¥ �

Cylinder�: all tracks under heads�Bits recorded in tracks, which in turndivided into sectors (e.g., 512 Bytes)

OuterTrack

InnerTrack

Sector

Head

Armcs 61C L15 Disks.6Patterson Spring 99 'UCB

Photo of Disk Head, Arm, Actuator

2March 7, 1999cs 61C L15 Disks.7Patterson Spring 99 'UCB

Disk Device Performance

PlatterArmActuatorHeadSectorInnerTrackOuterTrack

�Disk Latency = Seek Time + Rotation Time+ Transfer Time + Controller Overhead¥Seek Time? depends no. tracks move arm,seek speed of disk¥Rotation Time? depends on speed diskrotates, how far sector is from head¥Transfer Time? depends on data rate(bandwidth) of disk, size of requestController cs 61C L15 Disks.8Patterson Spring 99 'UCB

Disk Device Performance�Average distance sector from head?�1/2 time of a rotation¥7200 Revolutions Per Minute � 120 Rev/sec¥1 revolution = 1/120 sec � 8.33 milliseconds¥1/2 rotation � 4.16 ms�Average no. tracks move arm?¥Calculate all possible seek distancesfrom all possible tracks¥ Answer: about 1/3 number of tracks¥(Disk industry standard benchmark)cs 61C L15 Disks.9Patterson Spring 99 'UCB

Data Rate: Inner vs. Outer Track �To keep things simple, orginally kept samenumber of sectors per track¥Since outer track longer, lower bits per inch�As competition grew, decided to keep BPIthe same for all tracks (� constant bit density�)¥More capacity per disk¥more of sectors per track towards edge�Since disk spins at constant speed, outertrack has faster data rate¥1.5X outer track vs. inner track!cs 61C L15 Disks.10Patterson Spring 99 'UCB

3March 7, 1999cs 61C L15 Disks.13Patterson Spring 99 'UCB

Disk History (IBM)

1101001000100001970198019902000

4March 7, 1999cs 61C L15 Disks.19Patterson Spring 99 'UCB

�What�s This Stuff Good For?�Computers with wireless modems let drivers keep in touch withheadquarters through E-mail. Companies can send out fleetwidecommunications, and drivers can tell dispatchers about any delays.A truck using this Global PositioningSystem (GPS) technology sends signals tosatellites, which send the truck’s positionto system’s manufacturer, Qualcomm. Thatinformation is relayed to trucking companydispatchers. Collision-avoidance systemsbased on radar make alarms go off if atruck gets too close to another vehicle,giving the driver time to take evasiveaction. Such systems can also trackwhether a driver habitually tailgates andpass that information along to thecompany. N.Y. Times, 3/4/99ms seekcs 61C L15 Disks.21Patterson Spring 99 'UCB

Fallacy: Use Data Sheet Transfer Rate�Manufacturers quote the speed off thedata rate off the disk�Sectors contain an error detection andcorrection field as well as data (can be20% of sector)�There are gaps between sectors on track�Rule of Thumb: disks deliver about 75% ofinternal media rate (1.3X slower)�For example, Cheetah 36 quotes28 to 18 MB/s internal media rate�Expect 21 to 14 MB/s user data ratecs 61C L15 Disks.22Patterson Spring 99 'UCB

Disk Performance Example�Calculate time to read 1 sector forCheetah 36 again, this time using 1/3quoted seek time, 75% of internal outertrack bandwidth; (before it was 8.53 ms)Disk latency = average seek time +average rotational delay + transfer time +controller overhead = (

0.33 * 5.2 ms) + 0.5 * 1/(10000 RPM)+ 0.5 KB / (

0.75 * 28 MB/s) + 0.15 ms =

1.73 ms + 0.5 /(10000 RPM/(60000ms/M))+ 0.5 KB / (

21 KB/ms) + 0.15 ms =

1.73 + 3.0 +

0.24 + 0.15 ms =

4.73 mscs 61C L15 Disks.23Patterson Spring 99 'UCB

Disk Performance Model /Trends� Capacity¥+ 60%/year (2X / 1.5 yrs)�Transfer rate (BW)¥+ 40%/year (2X / 2.0 yrs)�Rotation + Seek time¥— 8%/ year (1/2 in 10 yrs)�MB/$¥> 60%/year (2X / <1.5 yrs)¥Fewer chips + areal densitycs 61C L15 Disks.24Patterson Spring 99 'UCB

Disk Size and Performance�Continued advance in capacity (60%/yr)and bandwidth (40%/yr.)�Slow improvement in seek, rotation(8%/yr)�Time to read whole diskYearSequentiallyRandomly1990 4 minutes6 hours200012 minutes 1 week�3.5� form factor still make sense in 5years?

5March 7, 1999cs 61C L15 Disks.25Patterson Spring 99 'UCB

Use Arrays of Small Disks?

6March 7, 1999cs 61C L15 Disks.31Patterson Spring 99 'UCB

RAID 3�Sum computed across recovery group to protectagainst hard disk failures, stored in P disk�Arms logically synchronized, spindlesrotationally synchronized�Logically a single high capacity, high transferrate disk: good for large transfers�Wider arrays reduce capacity costs, butdecreases availability, increases repair time�33% capacity cost for parity in this configurationcs 61C L15 Disks.32Patterson Spring 99 'UCB

Inspiration for RAID 4�RAID 3 relies on Check bits to discover errorson Read�But every sector has an error detection field�Rely on error detection field to catch errors onread, not on check disk�Allows independent reads to different diskssimultaneouslycs 61C L15 Disks.33Patterson Spring 99 'UCB

Redundant Arrays of Inexpensive DisksRAID 4: High I/O Rate Parity

D0D1D2D3

PD4D5D6

PD7D8D9

PD10D11D12

PD13D14D15

PD16D17D18D19D20D21D22D23

P...............Disk ColumnsIncreasingLogicalDisk Address

Stripe

StripeUnit

Inside of5 diskscs 61C L15 Disks.34Patterson Spring 99 'UCB

Inspiration for RAID 5�RAID 4 works well for small reads�Small writes (write to one disk):¥Option 1: read other data disks, create newsum and write to Parity Disk¥Option 2: since P has old sum, compare olddata to new data, add the difference to P�Small writes are limited by Parity Disk:Write to D0, D5 both also write to P diskD0D1D2D3

PD7cs 61C L15 Disks.35Patterson Spring 99 'UCB

Redundant Arrays of Inexpensive DisksRAID 5: High I/O Rate Interleaved ParityIndependentwritespossiblebecause ofinterleavedparity

P...............Disk ColumnsIncreasingLogicalDisk Addresses

(example:write to D0, D5use disks0, 1, 3, 4)cs 61C L15 Disks.36Patterson Spring 99 'UCB

Berkeley History: RAID-I�RAID-I (1989)¥Consisted of a Sun4/280 workstation with128 MB of DRAM, fourdual-string SCSIcontrollers, 28 5.25-inch SCSI disks andspecialized diskstriping software�Today RAID is multibillion dollar industry,> 50 companies, fromPCs to mainframes

7March 7, 1999cs 61C L15 Disks.37Patterson Spring 99 'UCB

�And in Conclusion..� 1/1�Magnetic Disks continue rapid advance:60%/yr capacity, 40%/yr bandwidth, slowon seek, rotation improvements, MB/$improving 100%/yr?¥Designs to fit high volume form factor¥Quoted seek times too conservative, datarates too optimistic for use in system�RAID¥Higher performance with more disk arms per $¥Adds availability option at modest cost�Next: Introduction to Caches, Review of1st Half 61C