cs258 15.1� Culler 1995Design of Large-Scale Distributed Memory Machines: Part II¥Dedicated Message Processor¥Distributed Global Virtual Address Space

cs258 15.2� Culler 1995Recall Key Issue: What�s in a message?¥How much interpretation of the message?¥How much dedicated processing in the Comm. Assist?PM CA

PMCA�˚�˚�

Scalable NetworkNode ArchitectureCommunication AssistMessageOutput Processing — checks — translation — formating — schedulingInput Processing — checks — translation — buffering — action

Page 2

cs258 15.3� Culler 1995Spectrum of Designs¥None: Physical bit stream—blind, physical DMAnCUBE, iPSC, . . .¥User/System—User-level portCM-5, *T—User-level handlerJ-Machine, Monsoon, . . .¥Remote virtual address—Processing, translationParagon, Meiko CS-2¥Global physical address—Proc + Memory controllerRP3, BBN, T3D¥Cache-to-cache—Cache controllerDash, KSR, Flash

Increasing HW Support, Specialization, Intrusiveness, Performance (???)

cs258 15.4� Culler 1995Dedicated Message Processor¥General Purpose processor performs arbitrary output processing (at system level)¥General Purpose processor interprets incoming network transactions (at system level)¥User Processor <—> Msg Processor share memory¥Msg Processor <—> Msg Processor via system network transaction

Network�˚�˚�˚

destMem

PM PNI

UserSystemMem

PM PNIUserSystem

cs258 15.5� Culler 1995Levels of Network Transaction¥User Processor stores cmd / msg / data into shared output queue—must still check for output queue full (or make elastic)¥Communication assists make transaction happen—checking, translation, scheduling, transport, interpretation¥Effect observed on destination address space and/or events¥Protocol divided between two layers

Network�˚�˚�˚

destMem

PM PNIUserSystem

Mem PM PNIcs258 15.6� Culler 1995Example: Intel Paragon

Network�˚�˚�˚Mem

PM PNIi860xp50 MHz16 KB $4-way32B BlockMESIsDMArDMA64400 MB/s$$16175 MB/s DuplexI/ONodesrteMP handlerVar data

EOPI/ONodesService

Devices

Devices2048 B cs258 15.7� Culler 1995User Level Abstraction (Lok Liu)¥Any user process can post a transaction for any other in protection domain—communication layer moves OQsrc —> IQdest—may involve indirection: VASsrc —> VASdest

ProcOQIQVASProcOQIQVASProcOQIQVASProcOQIQVAScs258 15.8� Culler 1995Msg Processor Events

Dispatcher

User OutputQueues

Send FIFO~EmptyRcv FIFO~Full

Send DMARcv DMADMA done

ComputeProcessorKernelSystemEvent

Page 5

cs258 15.9� Culler 1995Basic Implementation Costs: Scalar¥Cache-to-cache transfer (two 32B lines, quad word ops)—producer: read(miss,S), chk, write(S,WT), write(I,WT),write(S,WT)—consumer: read(miss,S), chk, read(H), read(miss,S), read(H),write(S,WT)¥to NI FIFO: read status, chk, write, . . .¥from NI FIFO: read status, chk, dispatch, read, read, . . .

CP User OQ

MPRegistersCacheNet FIFO

UserIQ

MPCP Net

21.52

4.4 ms

5.4 ms

10.5 ms7 wds222250ns + H*40ns

cs258 15.10� Culler 1995Virtual DMA -> Virtual DMA¥Send MP segments into 8K pages and does VA —> PA¥Recv MP reassembles, does dispatch and VA —> PA per page

CP User OQ

MPRegistersCacheNet FIFO

UserIQ

MPCP

Net21.527 wds222

MemorysDMA

hdrrDMAMP20482048400 MB/s175 MB/s400 MB/s

cs258 15.11� Culler 1995Single Page Transfer Rate

Transfer Size (B)

M B / s05 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 3 5 0 4 0 0 02 0 0 0 4 0 0 0 6 0 0 0 8 0 0 0

Total MB/s

Burst MB/s

Actual Buffer Size: 2048Effective Buffer Size: 3232

cs258 15.12� Culler 1995Msg Processor Assessment¥Concurrency Intensive—Need to keep inbound flows moving while outbound flows stalled—Large transfers segmented¥Reduces overhead but adds latency

User OutputQueues

Send FIFO~EmptyRcv FIFO~Full

Send DMARcv DMADMA done

ComputeProcessorKernelSystemEvent

User InputQueuesVASDispatcher

Page 7

cs258 15.13� Culler 1995Specialized Virtual DMA Design¥Host-write as hardware event (with status)¥Fully independent processing—send Req, handle Req, send Reply, handle Reply

Network�˚�˚�˚

destMem

PoutPinPreplyPcmdPevnts

V->PMem

V->P

cs258 15.15� Culler 1995Meiko CS-2Mem

PreplyPcmdMem I/FseteventPthreadPDMArunthdStDMAintr

ThreadsUserData

output control

NetworkCMD, AddrSWAP:Acceptexecute net xacts - requests from Pthread - w-blks from PDMA- SE + wt_wd from Preply

DMA from memoryIssue write-block xacts(50 ms limit)

RISC inst. set64K non-preemptive threadsConstruct arbitrary net xactsOutput protocolGenerates set-event 3 x wt_wd

cs258 15.16� Culler 1995Example Operations¥DMA put¥DMA get¥Write-word¥Read-word¥Enqueue Message