DAP.F96 1Lecture 14: Automated Data Libraries & Networks & Interconnect�IntroductionProfessor David A. PattersonComputer Science 252Fall 1996

DAP.F96 2Review: RAID Techniques¥ Disk Mirroring, ShadowingEach disk is fully duplicated onto its "shadow" Logical write = two physical writes100% capacity overhead¥ Parity Data Bandwidth ArrayParity computed horizontallyLogically a single high data bw disk10010011110011011001001100110010

10010011

10010011¥ High I/O Rate Parity ArrayInterleaved parity blocksIndependent reads and writesLogical write = 2 reads + 2 writesParity + Reed-Solomon codes

DAP.F96 3Review: RAIDRAID sales, �The Independent RAID Report� May/June 1994, p. 15 (dwilmot@crl.com, 510-938-7425)¥1993: $3.4 billion on 214,667 arrays (» $15,000 / RAID)¥1996 forecast: $11 billion¥1997 forecast: $13 billion on 837,155 units—Source: DISK/TREND, 5/94 (415-961-6209)

DAP.F96 4Summary: I/O Benchmarks¥Scaling to track technological change¥TPC: price performance as nomalizing configuration feature¥Auditing to ensure no foul play¥Througput with restricted response time is normal measure

DAP.F96 5Review: Storage System Issues¥Historical Context of Storage I/O¥Storage I/O Performance Measures¥SecondaryandTertiary�StorageDevices¥A Little Queuing Theory¥Processor Interface Issues¥I/O & Memory Buses¥RAID¥ABCs of UNIX File Systems¥I/O Benchmarks¥Comparing UNIX File System Performance¥Tertiary Storage Possbilities

DAP.F96 6Memory Hierarchies

FileCacheHard DiskTapes

AccessTimeCost perbitCapacity

General Purpose Computing EnvironmentMemory Hierarchycirca 1980

DAP.F96 7Memory Hierarchies

FileCacheHard DiskTapesGeneral PurposeComputing EnvironmentMemory Hierarchycirca 1980

Memory Hierarchycirca 1995

FileCache

SSDOff Line StorageHigh I/O RateDisksHigh Data RateDisks

OpticalJukeBoxAutomatedTapeLibraries

On-LineNear-LineLow $/ActuatorLow $/MBDisk Arrays

Remote Archive

DAP.F96 8Storage Trends: Distributed StorageLocal Magnetic DiskFile CacheMagnetic TapeServer �Remote� Magnetic Disk

Local AreaNetworkServer CacheClientWorkstationFileServer

Storage Hierarchycirca 1980Storage Hierarchycirca 1990File CacheCapacityDeclining$/MByteIncreasingAccess TimeMagnetic DiskMagnetic Tape

DAP.F96 9Storage Trends: Wide-Area Storage

Disk ArrayShelved Magnetic or Optical Tape

Near-line StorageOff-line Storage

Local AreaNetworkWide AreaNetworkOn-line StorageServer CacheOptical Disk JukeboxMagnetic or Optical Tape LibraryClientCache

InternetTypical Storage Hierarchy, circa 1995 Conventional disks replaced by disk arrays Near-line storage emerges between disk and tape

DAP.F96 10What’s All This About Tape?Tape is used for:¥ Backup Storage for Hard Disk Data Written once, very infrequently (hopefully never!) read¥ Software Distribution Written once, read once¥ Data Interchange Written once, read once¥ File Retrieval Written/Rewritten, files occasionally read Near Line Archive Electronic Image ManagementRelatively New Application For Tape

HostSCSI HBAVideo CompressionAudio CompressionImage CompressionText Compression. . .EmbeddedController

Transport

Peripheral Manufacturer Approach:Compression Done Here

20:12,3:1System Approach:

Data SpecificCompressionHints fromHost

Transport

EmbeddedController

To/FromHost180 KB/s180 KB/s180 KB/s180 KB/sChallenges: ¥ Difficult to logically synchronize tape drives ¥ Unpredictable write times R after W verify, Error Correction Schemes, N Group Writing, Etc.

TapeCarouselsGravity Feed

3.5" formfactortape reader

19"Carousel4mmTapeReader

DAP.F96 15MSS: Automated Tape LibraryEXB-120¥116 x 5 GB 8 mm tapes = 0.6 TBytes (1991)¥4 tape readers 1991, 8 half height readers now¥4 x .5 MByte/second = 2 MBytes/s¥$40,000 O.E.M. Price¥1995: 3 TBytes; 2000: 9 TBytes

Exit/Exit PortCartridge HoldersTape Readers

3 feet

5 feetEntry/Exit Port

DAP.F96 16CS 252 Administrivia¥Homework on Chapter 6 due Monday10/21 at 5PM in 252 box, done in pairs:—Exercises 6.5, 6.16, 6.17¥Project Survey #2 due Wednesday 10/23 in class

DAP.F96 17Open MSS Research Issues¥ Hardware/Software attack on very large storage systems — File system extensions to handle terabyte sized file systems — Storage controllers able to meet bandwidth and capacity demands¥ Compression/decompression between secondary and tertiary storage — Hardware assist for on-the-fly compression — Application hints for data specific compression — More effective compression over large buffered data — DB indices over compressed data¥ Striped tape: is large buffer enough?¥ Applications: Where are the Terabytes going to come from? — Image Storage Systems — Personal Communications Network multimedia file server

DAP.F96 18MSS: Applications of TechnologyRobo-Line LibraryBooks/Bancroft x Pages/book x bytes/page = Bancroft 372,910 400 4000 = 0.54 TBFull text Bancroft Near Line = 0.5 TB; Pages images » 20 TBPredict: "RLB" (Robo-Line Bancroft) = $250,000Bancroft costs: Catalogue a book: $20 / book Reshelve a book: $1/ book % new books purchased per year never checked out: 20%

DAP.F96 19MSS: Summary

Access Time (ms)0.00010.0010.010.111 0 1 0 0 100010000100000

$0.00

$0.01

$0.10

$1.00

$10.00

$100.00Robo-Line TapeMagnetic DiskDRAMAccess Gap #1

DAP.F96 20

I/O to External Devices and Other ComputersProcessorCacheMemory - I/O BusMainMemoryI/OControllerDiskDisk

I/OController

Graphics

Networkinterruptsideal: high bandwidth, low latency

DAP.F96 21Networks¥Goal: Communication between computers¥Eventual Goal: treat collection of computers as if one big computer, distributed resource sharing¥Theme: Different computers must agree on many things —Overriding importance of standards and protocols¥Warning: Terminology-rich environment

DAP.F96 22Example Major Networks

ARPA netT1, 56KbpsT3, 230KbpsIP - internet ProtocolTCP - TransmissionControl ProtocolToken RingEthernetFDDICS NetRelayX.25 (Telenet, Uninet_

PhonenetCS NetBitnetNSF Net1.6Mbps10 Mbps

DAP.F96 23Networks¥Facets people talk a lot about:—direct (point-to-point) vs. indirect (multi-hop)—topology (e.g., bus, ring, DAG)—routing algorithms—switching (aka multiplexing)—wiring (e.g., choice of media, copper, coax, fiber)¥What really matters:—latency—bandwidth—cost—reliability

DAP.F96 24Interconnections (Networks)¥Examples:—MPP networks (SP2): 1000s nodes; £ 25 meters per link—Local Area Networks (Ethernet): 100s nodes; £ 1000 meters—Wide Area Network (ATM): 1000s nodes; £ 5,000,000 meters