SPIN An Extensible Operating System for Users and ApplicationsThe SPIN ProjectUniversity of WashingtonDept. of Computer Science and EngineeringBrian Bershad Craig Chambers Susan Eggers

3/6/95SPINSPINuEfficient application-specific specialization and

extension of system servicesuProvide safe access to physical and virtual resourcesuSupport multiple users simultaneouslyuPredictable resource allocationuCore set of useful services (threads, VM, etc)uReal OS on top

3/6/95SPINSome Leading Questionsu100MIPs workstation but only 10 HTTP connections/second?u5 TPS in a Dist transaction system?uJerky video? u5 seconds to context switch on a PowerPC Mac?uHow come DOS/MAC programs do all those tricks with the file system, but your workstation doesn�t?uHow come your workstation stays up but DOS doesn�t seem to.

3/6/95SPINThe ProblemuDiverse application requirements.¥Database and TPS¥Parallel and scientific¥Multimedia/Realtime¥Secure HTTP Gateways and Redirectors¥GroupWare¥EmulatorsuLimited operating system services¥files¥network¥scheduler¥V M

3/6/95SPINHow Networked Video Works Now

Copy toUserVideo Server

Copy toKernel

Video Client

Copy toUser

ScheduleProcess

Xserver

DiskDriver

NetDriver

USER SPACESYSTEMSPACECrossing the BIG RED LINEis slow.

3/6/95SPINThe Way It Ought to Be

Video Client

Video Disk Block ArrivesVideo Server

DiskDriver

NetDriver

NetDriverXserverPutImageProtocol StackUSER SPACESYSTEM SPACE

Data is copiedfrom the disk driveronto the network andthen from the networkdirectly into thedisplay.�Client, server, and protocolstacks are written byapplications and run in the kernel.

3/6/95SPINSpecializing Operating Systems is Hard WorkuComplexity¥Most people don�t know how.uProhibition¥Most environments don�t permit it.uBarriers¥Applications aren�t allowed (or shouldn�t).uFear¥correctness, safety, performanceuEconomics¥if it�s so painful, it ought to be general, but...

3/6/95SPINSome examples of application-specific servicesuFiling and buffer cache management¥multimedia, mail, secure anythinguProtocol processing¥Network splice¥Active messages¥Integrated DSMuScheduling and thread management¥Optimistic synchronization¥Asynch I/O, Multi-level schedulersuVirtual memory¥Mach, Database,Cao&Li, Hipec, V++, TLB-prefetch, Network resource reservation, real-time, cache management

3/6/95SPINApplication-specific services with SPINuExtensions are linked into a running kernel.¥inexpensive sharinguModular, pointer-safe extension language¥no bad accessuLogical protection domains within the kernel isolate �semantic� failures.¥inexpensive context switchuExposed kernel interfaces implemented defensively.¥cannot rely on something you cannot trust.

3/6/95SPINSPIN System ComponentsOSF/1 ServerVideo ServerDatabase Server

VMIPCThreadsLinker

DispatcherDevice

UNIXAppsCompiler

USER SPACEKERNELSPACEBasic systemservicesUser spaceprogramsa collectionof extensions

3/6/95SPINAn Example: SPIN NetworkinguExtensible Network Architecture¥new protocols, application-specific optimizations uPackets arrive and are demultiplexed through a protocol graph.¥arbitrary processing at each node in the graph.¥but applications can manipulate the protocol graphuSPIN dispatcher links the nodes in the graph¥packet filters route incoming packets to handlers¥handlers do packet processing

3/6/95SPINSPIN Protocol Stacks

EtherPacketArrivedEtherCounter

ALWAYSTRUERaise IPHandler

WhenClauseAMPacketArrivedRaise AM

WhenClauseIPPacketArrivedRaise TCP

When ClauseRaise UDP

WhenClauseRaise ICMP

WhenClause

IPCounter

ALWAYSTRUE

AMCounterALWAYSTRUEActiveMessagePut

WhenClauseActiveMessageGet

WhenClauseTCPPacketArrivedTCPport 79

WhenClauseUDPPacketArrivedUDPport 6666

WhenClauseICMPPacketArrivedICMPCounter

ALWAYSTRUEICMPEcho Req.

3/6/95SPINProject StatusuBasic kernel working¥threads, VM, linker, IPC, devices, networkinguNetworking infrastructure supports downloadable protocolsuVideo service (client,server) functioninguOSF/1 server development is underwayuThe future¥�other� OS emulation¥retarget Modula-3 to use runtime code generation¥specialization at the level of the compiler