Page 1

cs258 20.1� Culler 1995Scalable Cache Coherent Shared MemoryCase StudiesUnderlying lessons¥Point of integration into the storage hierarchy¥Power of accessing memory by name (rather than address)¥Units of translation, access control, transfer¥Performing necessary comm. vs avoiding unnecessary

cs258 20.2� Culler 1995Large CC Design and Implementation Experiments¥Stanford DASH—scalable directory structure, memory consistency models, ...¥MIT Alewife—SW assisted directory, integration with Msg Passing, fast interrupts¥KSR—Ring-based CC, Cache-Only Memory Architecture¥Wisconsin Wind Tunnel / Tempest / Typhoon / T-Zero—Minimal HW support¥Stanford FLASH—Flexible protocol processing, Msg Passing, General Purpose¥plus compiler-based shared memory, O/S based shared memory

Page 2

cs258 20.3� Culler 1995Requirements¥Observe all memory references that potentially involve communication—depends on specific form of sharing permitted¨granularity¨read-only, RW with invalidate, ...—read or write miss on shared data (go get it)—write-hit on non-exclusive shared data—read or write miss that replaces shared data¥Take action on behalf of processor to rearrange the memory hierarchy to that the reference can complete without communication¥Service the requests of other processors

cs258 20.4� Culler 1995O/S Level Shared Memory¥Provide each process with global virtual address space—observe only through page faults¥On access to an invalid shared page -> fault—Communicate with home node to obtain page¨it will invalidate, update, recall copies as appropriate—Map it in as read-only if shared, RW if exclusive¥Buffer as many writes as possible—Lazy release consistency Models¥Coarse-grain sharing, no HW support—many paper proposals for NI assists¥See Ivy, Munin, TreadmarksGlobal V. ALocal MemLocal Cache

Page 3

cs258 20.5� Culler 1995The Stanford DASH ExperimentBuild a large-scale multiprocessor that provides:1. an effcient implementation of the single-address-space model with hardware support for caching2. methods for tolerating latency3. significant instrumentation to allow applications and architecture to be monitored and studied

cs258 20.6� Culler 1995DASH ==> D

irectory A

rchitecture for SH

ared memory¥ Nodes connected by scalable interconnect¥ Partitioned shared memory¥ Processing nodes are themselves multiprocessors¥ Distributed directory-based cache coherencepresence bitsdirty bit

¥¥¥PPCacheCacheMemoryDirectory

PMemoryDirectory

¥

¥

¥PCacheCache

Interconnection Network

cs258 20.7� Culler 1995Directory Protocol Examplesa

¥ Read of remote-dirty data¥ Forwarding strategy minimizes latency and serialization

cs258 20.8Culler 1995 cs258 20.9Culler 1995DASH Memory Hierarchy

remote clustersDirectory and main memoryassociated with given addresswithin local cluster30100 - 130

cs258 20.10Culler 1995DASH Prototype¥ Cluster hardware:¥ Interconnection network:¥ pair of wormhole-routed mesh networks

cs258 20.11Culler 1995¥ Directory logic adds:¥¥¥MemoryNetwork

cs258 20.12Culler 1995

cs258 20.13Culler 1995

cs258 20.14Culler 1995Speedups on DASH

1216202428323640444812162024283236404448

SpeedupNumber of Processors

IdealMatmultVolRendFMMBarnes-HutWaterRadiosityCholeskyMincutLocusRouteMP3D

Page 8

cs258 20.15Culler 1995¥ Extended programming languages¥ sophisticated runtime with focus on locality¥ New compiler technology¥ implications for system design¥ scaling considerations

cs258 20.16Culler 1995bring data to where it is accessedcommunication occurs only on a missWhat if the application knows that it wants to move data, i.e., communicate?

Page 9

cs258 20.17Culler 1995Design Goals of FLASHmodelssingle programming model and similar hardware passingmessagesmachinesperformance statistics, ...

cs258 20.18Culler 1995engine

2$I/ONet2nd-Level2nd-LevelDRAMMAGICDRAMMAGIC

Page 10

cs258 20.19Culler 1995e.g., rd/wr requests from network and local PEprocessor bus

cs258 20.20Culler 1995

ProcessorNetworkI/O

MessageHeadersMessageDataDataProcessorNetworkI/O

SoftwareQueueTransferLogicMessage CombineMemoryMemory

Message Split

Message SplitControlPipelineControlPipeline

Page 11

cs258 20.21Culler 1995

ProcessorNetworkI/O

DataBuffersDataBuffersMemoryMemoryMemoryPIMemoryNIMemoryI/O

cs258 20.22Culler 1995DPInboxOutboxMemoryControlPINII/OProtocol ProcessorProcessorNetworkI/OPINII/O

SoftwareQueue Head

InboxOutboxPINII/O

MemoryControl

MAGICInstructionMAGICInstructionMAGICInstructionMAGICData

Page 12

cs258 20.23Culler 1995Key Challenges

cs258 20.24Culler 1995

Directory Header

Pointer/Link StoreFree List

Memory Lines

128B

8B4B

Page 13

cs258 20.25Culler 1995

cs258 20.26Culler 1995Hybrid organization:

appappappappappappappappSharing

Page 14

cs258 20.27Culler 1995cause trap on access to invalid page

cs258 20.28Culler 1995COMAnot necessarily the original homehierarchy or ring

L1L2MemDir

L1L2MemDirL1L2MemDirGlobal Directory ?

Page 15

cs258 20.29Culler 1995Summary: Points of Integration

L1L2MemM/CNetworkCC AL1MemM/C

L2MemM/CCC AL1MemM/CCC AWWTNetworkTagMemM/CCC ATyphoon

NPL1L1NPL1NetworkCC AL2