' T. von Eicken,1994Hot Interconnects II � Active Messages 1Hot Interconnects IIAug 11th, 1994Thorsten von EickenDepartment of Computer ScienceCornell UniversityEmail: tve@cs.cornell.eduPapers & software: http://www.cs.cornell.edu/Info/People/tve/tve.htmlLow-Latency Communication over ATM Networksusing Active Messages

' T. von Eicken,1994Hot Interconnects II � Active Messages 2ATM Clusters of Workstations: The Potential

Raw performance¥cpu: 100 SPECint, 100 SPECfp¥network: 15MB/s switched net¥software: standard OS & env.

Potential applications¥�I/O computer�¥maintain large data repository¥provide compute power to manipulate data sets¥act as server to numerous clients¥Compute server

Potential use: Run one big server application on clustere.g: maintain data repository and provide compute power to process/visualize data

Disclaimer: the goal is NOT to make a cluster be a cheaper/better MPP

Idea:—leverage off-the-shelf hardware & standard software environment—performance of multiple workstationsKey enabler:—program cluster as if one machine

' T. von Eicken,1994Hot Interconnects II � Active Messages 3BUT: The Reality is...

Communication performance MPP

WS cluster

bandwidth10MB/sec1MB/secround-trip10msec5msmessage ovhd1ms1ms

Prevents use of parallel programming techniquescannot implement global address space with reasonable remote read/writecannot coordinate execution of processes

Cannot view cluster as one machineseparate programs on all nodesloosely coupled, only �embarrassingly� parallel� algorithms

' T. von Eicken,1994Hot Interconnects II � Active Messages 4Is it possible to do better?

Off-the-shelf handicaps¥workstation� network interface is on I/O bus� no protected user-level access to NI¥operating system� no coordination among nodes¥ATM network� unreliable communication and no flow-control

Raw performance¥cpu:100 SPECint, 100 SPECfp>50MB/s I/O bus¥network:15MB/s switched net

Expectation:close to MPP performancebut a small difference will remainTrick:cut out the layers of software(without compromising� security)

' T. von Eicken,1994Hot Interconnects II � Active Messages 5Active Messages: an MPP Communication ArchitectureCommunication ArchitecturenCUBECM5SharedMemoryMessagePassingDataParallelParagonSP-1CS-2GlobalNameSpace

compilerrun-timelibraries

Few+Simple+Fast Primitives

check validity of messages sent¥demultiplex arriving messages¥provide access to message data¥notify destination processes on message arrival

' T. von Eicken,1994Hot Interconnects II � Active Messages 6Active Messages

HandlerPrimarycomputation

dataPC

Sender injects the message as directly into the network as possible¥Active Messages checks validity of destinationAssociates a small

user-level handler with each messageHandler executes immediately upon arrival¥pulls the message out of the network, and¥integrates it into the ongoing computation¥or performs simple remote service and repliesNo buffering (beyond transport), no parsing, no allocation, primitive scheduling

' T. von Eicken,1994Hot Interconnects II � Active Messages 7SEND:

select connectionmove data into bufadd flow-controltrap to kernelSEND trap:

check valid connectionxlate connection to VCImove data to NIRECV trap:

map VCI to processmove data from NIPOLL:

trap to kernelper message:check flow-controlcall handlersend ack (if needed)

SSAM: S

parc

kernel-spaceuser-spacenext-bufoutput buffers

input buffer

' T. von Eicken,1994Hot Interconnects II � Active Messages 8SSAM software layersSoftware layersSplit-C programs—use global pointers and pointer dereferencing to access remote memorylanguage run-time system—implements communication model,e.g. send&receive, global memory access, ...user-level library—formats messages, implements Active Messages—performs flow-control and error-checkingkernel traps—move data between user-space and

FORE SBA-100 ATM interface

Split-C

program

Split-CcompilerSSAM-specificSplit-C run-time

Split-CprogramSplit-Cprogram

' T. von Eicken,1994Hot Interconnects II � Active Messages 9SSAM Trap CostSEND trapRECEIVE trap

0.000.501.001.502.002.503.00

0.001.002.003.004.005.006.00move cellto/from from NImove cell

On SPARCstation-20 (60Mhz)

Note: null system call: 6.9ms on SS-20

' T. von Eicken,1994Hot Interconnects II � Active Messages 10SSAM Trap Cost (cont.)

0%20%40%60%80%100%SS-20SS-1+SS-20SS-1+SEND trapRECEIVE trapmove cellto/from from NImove cellto/from memorydest demux

40%60%80%100%Trap cost comparison:

SS-20(60Mhz, superscalar) vs.SS-1+(25Mhz, single issue)

' T. von Eicken,1994Hot Interconnects II � Active Messages 11SSAM Active Messages Cost

012345678send requesthandle requestno replyhandle requestand replyhandle ackhandle replyActive Messages overheadSend trapReceive trapm

' T. von Eicken,1994Hot Interconnects II � Active Messages 12Split-C performance

051015202530formatsend traplatencyrecv trapread-handlerreply traplatencyreceive trapread-reply-handlerSplit-C remote read¥global pointers

my_N = *P;¥implementation—send request Active Message to remote read-handler—read-handler sends reply Active Message with data to read-reply-handler—read-reply-handler stores data local and signals completionRemote read timing

' T. von Eicken,1994Hot Interconnects II � Active Messages 13Comparison to Related WorkMPP performance¥SPARCstation-20 cluster vs CM-5—2/3 the bandwidth—4x the round-trip latency (incl. one switch)¥bottlenecks—network interface on the I/O bus—slow network switches (10ms/hop)—no protection, no flow-control, no error detection in hardwareUniv. Washington Remote Memory Access¥C.A. Thekkath, et.al, UW TR93-04-03¥

notification, guarantees delivery, but requires

process scheduling coordination ¥ Remote Memory Access does not require

remote process to run, but requires memory

mapping coordination (actually, special memory segments are used)

machine

peak

round-trip

bandwidth

latency�

SP-1 + MPL/p

8.3MB/s

56ms

Paragon + NX

73MB/s

44ms

CM-5 + CMAML

10MB/s

12ms

SS-20 + SSAM

5.6MB/s

42ms

operationSSAM m 30msaddt�l controlnone260mstransfer ovhdblock write5.6MB/s4.4ms

� incl 1 switch� no switch included

' T. von Eicken,1994Hot Interconnects II � Active Messages 14Summary & ConclusionsATM workstation clusters show promise¥off-the-shelf hardware works¥raw performance numbers look competitive with MPPs¥standard networking software looses most of the potential¥but:MPP-style communication architecture delivers expected performanceSPARCstation Active Messages design¥must start from raw hardware and build-up¥must use direct traps to kernel to achieve protection at minimal cost¥must carefully orchestrate buffering to minimize data movement¥result:

¥ no protection, no flow-control, no error detection in hardware

Open questions ¥ operating system coordination among nodes ¥ flow-control for parallel computing communication patterns (highly correlated)

Papers&software:

http://www.cs.cornell.edu/Info/People/tve/tve.html