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Motivation: Neighborhood Collectives

 Each processor exchanges data with a different subset of 

ranks in a communicator

 Examples

– Boundry exchange 

• Neighborhood gather

– 3D FFT with pencil decomposition

• Neighborhood alltoall

– Molecular dynamics real space communication

• Neighborhood gather and reduce

 No support in MPI 2.0 for neighborhood collectives

– Alltoallv, gatherv are typically not efficient with sparse 

neighborhoods
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Multisend Interface
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Data Movement via Multisends

 Multicast

– Send data to a collection of processors

– For example line broadcasts on Blue Gene

 Network acceleration 

– Network broadcasts (Quadrics, IB, Blue Gene)

– Network combine operations for reduce (Blue Gene)

– Network barriers (Blue Gene)

 Many-to-many 

– Scatter and gather operations

 Processors typically only involved at the end-points of a multisend
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Multisend Examples

Network Line Broadcast

Pt-to-pt Send

Network Global Broadcast

Network Line Reduce

Pt-to-pt Multicast

Network Global Reduce
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DCMF Multicast Interface
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DCMF Manytomany Interface
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Advantages of MultiSends

 Collectives can be built on top of network 

primitives such as a global broadcast or allreduce

 Sending k messages to k destinations is often 

faster than sending k pt-to-pt messages

– On Blue Gene performance can be improved about 5-10x
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Neighborhood collectives via DCMF Multisends

 Application directly initiates multisend calls

– Each task sends data to a different small subset of a 

communicator

– Space and CPU optimization

Optimization of Applications with neighborhood collective communication via 

Multisends, Sameer Kumar, Philip Heidelberger, Dong Chen, Michael Hines, to 

appear in IPDPS 2010
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Record Replay

 Take advantage of persistent communication

 Multisends can record multicast and manytomany 

calls

 Record operation stores message descriptors in a 

separate FIFO

 Replay just sets head and tail pointers in the DMA 

at very low overheads
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Record

Replay id 0

Persistid 0

Persistid 1

Persistid 2

Head pointer Tail pointer

Record Replay

A 16 byte scatter is 2.7x faster via record replay

A 16 byte allgather is 2.9x faster via record replay

MPI standard needs to be enhanced to support persistent collectives

Cumulate buf



© 2010 IBM Corporation

Performance Results
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NAMD Molecular Dynamics Application
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NAMD PME Optimized by DCMF Multisends
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Lattice QCD Benchmark
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3D FFT

 MPI Alltoallv has several zeros in the input vectors

 MPI Alltoall on subcomm has a barrier for synchronization

 DCMF injects descriptors for each destinations
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Blue Brain Neuron Application
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Neuron Performance

Performance of Neuron (seconds) on BG/P
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MPI 3 Proposal Discussion

 Benefits of Neighbor_alltoall() demonstrated

– Neighbor_gather() useful if all buffers are the same

 Neighbor_reduce() is more “intrusive” but might 

be more useful too 

– reduces message complexity

 How important is persistence?

– DMA descriptor lists can be updated trivially

– Is decoupled from neighbor collective semantics



© 2010IBM Corporation

Streaming Completion

 Brought up at last meeting -> straw vote this 

meeting!

 1st option: MPI_Cwaitany(count, request, index) 

– returns when first message finishes

– special new call

 2nd option: MPI_Sneighbor_alltoall() 

– returns a list of requests

– straw-vote: send completion lumped into one?
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Nonblocking Collectives Merge

 Merge done, please review!

 Source code will be cleaned up after review

– automatically, low error probability

 What next? 

– release draft?
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