1Fall 1999, Lecture 32Intel Paragon XP/S OverviewnScalable, heterogeneous, distributed-memory multicomputer, MIMDn2D array of nodes, performing both OSfunctionality as well as user computationlMain memory physically distributedamong nodes (16-64 MB / node)lEach node contains two Intel i860 XPprocessors: application processor foruser�s program, message processor forinter-node communicationnBalanced design: speed and memorycapacity matched to interconnectionnetwork, storage facilities, etc.lInterconnect bandwidth scales withnumber of nodeslEfficient even with thousands ofprocessors

2Fall 1999, Lecture 32Paragon XP/S Node Interconnectionn2D mesh chosen after extensiveanalytical studies and simulationnParagon Mesh Routing Chip (PMRC) /iMRC routes traffic in the meshl0.75 �m, triple-metal CMOSlRoutes traffic in four directions and to andfrom attached node at > 200 MB/sn40 ns to make routing decisions and closeappropriate switchesnTransfers are parity checked, router ispipelined, routing is deadlock-freelBackplane is active backplane of routerchips rather than mass of cablesnNetwork Interface Controller (NIC)lConnects node to its PMRClParity-checked, full-duplexed router witherror checking

3Fall 1999, Lecture 32Paragon XP/S NodesnApplication processorlIntel i860 XP processor (42 MIPS, 50MHz clock) to execute user programsnMessage processorlIntel i860 XP processor dedicated tointer-node communicationlHandles communication traffic for nodelHandles all details of sending / receivinga message, including protocols,packetization, etc.lDivision of node into application andmessage processors reduces cacheturbulence and avoids context switches;messaging software may even remain incachelSupports global operations includingbroadcast, synchronization, sum, min,and, or,etc.

4Fall 1999, Lecture 32Paragon XP/S UsagenOS is based on UNIX, providesdistributed system services and full UNIXto every nodelSystem is divided into partitions, some forI/O, some for system services, rest foruser applicationsnApplications can run on arbitrary numberof nodes without changelRun on larger number of nodes toprocess larger data sets or to achieverequired performancenUsers have client/server access, cansubmit jobs over a network, or logindirectly to any nodelComprehensive resource control utilitiesfor allocating, tracking, and controllingsystem resources

5Fall 1999, Lecture 32Paragon XP/S ProgrammingnMIMD architecture, but supports variousprogramming models: SPMD, SIMD,MIMD, shared memory, vector sharedmemorynCASE tools including:lOptimizing compilers for FORTRAN, C,C++, Ada, and Data Parallel FORTRANlInteractive DebuggerlParallelization tools: FORGE, CASTlIntel�s ProSolver library of equationsolverslIntel�s Performance Visualization System(PVS)lPerformance Analysis Tools (PAT)

6Fall 1999, Lecture 32Connection Machine CM-5 OverviewnHundreds or thousands of processingnodes, each with its own memorylSIMD or MIMD operationnProcessing nodes are supervised by acontrol processor, which runs UNIXlControl processor broadcasts blocks ofinstructions to the processing nodes, andinitiates executionlSIMD operation: nodes are closelysynchronized, blocks broadcast as neededlMIMD operation: nodes fetch instructionsindependently and synchronize only asrequired by the algorithmnNodes may be divided into partitionslOne control processor, called the partitionmanager, per partitionlPartitions may exchange data

7Fall 1999, Lecture 32Connection Machine CM-5 Overview(cont.)nOther control processors, called I/OControl Processors, manage thesystem�s I/O deviceslScale to achieve necessary I/O capacitylDataVaults to provide storagenEach control processor and parallelprocessing node connects to 2 networkslControl Network: for operations thatinvolve all nodes at once, such assynchronization or broadcastlData Network: for bulk data transfersbetween specific source and destinationlDiagnostic Network : checks the networknSame mechanism throughout fortransferring data between partitions andI/O devices

8Fall 1999, Lecture 32CM-5 NodesnProcessing nodesl8-32 MB of memory, 128 MIPS/MFLOPSlOptional vector units for high-speedarithmeticnControl processorslScheduling user tasks, allocatingresources, servicing I/O requests,accounting, security, etc.lMay execute some codelNo arithmetic accelerators, but additionalI/O connectionslIn small system, one control processormay play a number of roleslIn large system, individual controlprocessors are often dedicated toparticular tasks (partition manager, I/Ocontrol processor, etc.)

9Fall 1999, Lecture 32CM-5 NetworksnControl NetworklTightly coupled communication serviceslOptimized for fast response, low latencylFunctions: synchronizing processingnodes, broadcasts, reductions, parallelprefix operationsnData NetworklLoosely coupled communication serviceslOptimized for high bandwidthlFunctions: point-to-point commn. for tensof thousands of items simultaneouslylResponsible for eventual delivery ofmessages acceptedlNetwork Interface connects nodes orcontrol processors to the Control or DataNetwork (memory-mapped control unit)

10Fall 1999, Lecture 32CM-5 UsagenRuns Cmost, enhanced vers. of SunOSnUser task sees a control processor actingas a Partition Manager (PM), a set ofprocessing nodes, and inter-processorcommunication facilitieslUser task is a standard UNIX processrunning on the PM, and one on each ofthe processing nodeslThe CPU scheduler schedules the usertask on all processors simultaneouslynUser tasks can read and write directly tothe Control Network and Data NetworklControl Network has hardware forbroadcast, reduction, parallel prefixoperations, barrier synchronizationlData Network provides reliable, deadlock-free point-to-point communication