Page 1cs252 4.1� Patterson 1994Review: Storage System Issues�Historical Context of Storage I/O�Storage I/O Performance Measures�Secondary and Tertiary� Storage Devices�A Little Queuing Theory�Processor Interface Issues�I/O & Memory Buses�Show and Tell�ABCs of UNIX File Systems�I/O Benchmarks�Comparing UNIX File System Performance�RAID�Tertiary� Storage Possibilities�cs252 4.2� Patterson 1994Review: 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)

Page 2cs252 4.3� Patterson 1994I/O to external devices and other computersProcessorCacheMemory - I/O BusMainMemoryI/OControllerDisk

Disk

I/OController

GraphicsNetworkinterruptsideal: high bandwidth, low latencycs252 4.4� Patterson 1994Networks�Goal: Communication between computers�Evenutal Goal: treat collection of computers as if one big computer�Theme: Different computers must agree on many things => Overriding importance of standards�Warning: Buzzword rich environment

Page 3cs252 4.5� Patterson 1994Current Major Networks

ARPA net

T1, 56KbpsT3, 230KbpsIP - internet ProtocolTCP - TransmissionControl Protocol

Token Ring

Ethernet

FDDICS NetRelay

X.25 (Telenet, Uninet_

PhonenetCS Net

BitnetNSF Net1.6Mbps10 Mbps4Mbps100MbpsATMcs252 4.6� Patterson 1994Networks�Facets people talk a lot about@direct vs indirect@topology@embeddings@routing algorithm@switching@wiring�What matters@latency@bandwidth@cost@reliability

Page 4cs252 4.7� Patterson 1994ABCs of Networks�Starting Point: Send bits between 2 computers�Queue on each end�Can send both ways (’Full Duplex�)�Rules for communication? ’protocol�@Inside a computer? @Loads/Stores: Request(Address) & Response (Data)@Need Request & Response@Name for standard group of bits sent: Packet

cs252 4.8� Patterson 1994A Simple Example�What is format of packet?@Fixed? Number bytes?

Request/ResponseAddress/Data1 bit32 bits0: Please send data from Address1: Data corresponding to request

Page 5cs252 4.9� Patterson 1994Questions about Simple Example�What if more than 2 computers want to communicate?@Need computer address field in packet?�What if packet is garbled in transit?@Add error detection field in packet?�What if packet is lost?@More elaborate protocols to detect loss?�What if multiple processes/machine?@Queue per process?�Questions such as these lead to more complex protocols and packet formatscs252 4.10� Patterson 1994Interconnections (Networks)�Examples@MPP networks (CM-5): 1000s nodes; � 25 meters per link@Local Area Networks (Ethernet): 100s nodes; � 1000 meters@Wide Area Network (ATM): 1000s nodes; � 5,000,000 meters