
A"Case"for"Non,Blocking"Collec3ves"in"OpenSHMEM:""
Design,"Implementa3on,"and"Performance"Evalua3on""

using"MVAPICH2,X""

Ammar"Ahmad"Awan,"Khaled'Hamidouche,"
Ching,Hsiang"Chu,"and"Dhabaleswar"K."Panda"

Network,Based"Compu3ng"Laboratory"
Department"of"Computer"Science"and"Engineering"
The"Ohio"State"University,"Columbus,"OH,"U.S.A"



Outline"

•  Introduc2on'
•  Problem"Statement"
•  Contribu3ons"
–  Interface"API"Change""
–  Design"and"Implementa3on"
– Micro,benchmarks"

•  Performance"Evalua3on"
•  Conclusion"

2"OpenSHMEM"Workshop"2015"



Collec3ve"Communica3on"

•  An"important"and"widely"used"communica3on"
paTern"for"both"MPI"and"PGAS"model"

•  Primi3ves"available"in"both"PGAS"and"MPI"model"
–  Reduce,"Broadcast,"Gather"(Collect/Fcollect),"Barrier"etc."

•  Collec3ves"have"been"blocking"
–  The"context"remains"in"the"library"3ll"comple3on"
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•  shmem_broadcast"
•  shmem_collect"
•  shmem_fcollect"
•  shmem_barrier"
•  shmem_reduce"
– Set"of"reduc3ons"using"different"data"types"

Collec3ves"in"OpenSHMEM"
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Non,Blocking"Collec3ves"(NBC)"
•  Have"been"used"since"2007"in"Message"Passing"Interface"(MPI)"

•  Recently,"made"part"of"the"MPI,3"standard"

•  NBC"performance"is"good"*"
–  Latency"is"good"with"acceptable"overhead"posed"by"NBC"opera3ons"
–  Overlap"is"the"new"parameter"–"maximizing"it"enables"independent"

computa3on"to"proceed"in"background"
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Compute_on_CPU,(,),,

shmemx_test_req,(,),,

Compute_on_CPU,(,),,

shmemx_test_req,(,),,

1st,Call,to,
compute/test,

‘n’th,Call,to,
compute/test,

Overlapped,,
Computation,

with,,
Communication,

shmemx_broadcast32_nb,(,),,

shmemx_wait_req,(,),

Example"of"an"NBC"opera3on"
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•  Can"we"design"OpenSHMEM"NBC"support"with"minimal"
changes"to"the"current"blocking"interface?""

"
•  Can"we"implement"the"OpenSHMEM"NBC"interface"in"a"high"

performance"and"extensible"fashion?""

•  Can"a"set"of"micro,benchmarks"be"proposed"that"evaluate"
performance"of"any"standard"implementa3on"of"
OpenSHMEM"NBC"opera3ons?""

Ques3ons/Challenges"
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Our"Suggested"Changes"

•  Earlier"Proposal"of"NBC"for"OpenSHMEM""by"Poole"et"al."*""
–  In"addi3on"to"the"NBC,"explicit(crea+on(of(Ac+ve(Sets(was"also"proposed""

•  We"propose"changes"to"the"API"presented"by"Poole"et"al.""
–  Use"the"same"API"as"blocking"collec3ves"

–  Add"an"addi3onal"“request”"argument"to"the"end"of"func3on"signature"

–  Handle"Ac3ve"Sets"inside"the"run3me"(like"communicator"crea3on"in"MPI)"

–  Keep"the"triplet"–"PE_start,+logPE_stride,+PE_end+"
–  Any"applica3ons"wriTen"with"blocking"collec3ves"can"easily"be"ported"by"

adding"the"request"argument"and"the"wait"call"
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Example"(Broadcast"Collec3ve)"
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_nb"prefix""

x"(extension)"



Wait"and"Test"calls"
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•  Unified"Communica3on"Run3me"in"MVAPICH2,X"

•  The"UCR"layer"combines"the"best"of"both"MPI"
and"PGAS"model"by""
– combining"run3mes"instead"of""

– combining"programming"models"

High"Performance"Design"
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•  High"Performance"open,source"MPI"Library"for"InfiniBand,"10Gig/iWARP,"and"RDMA"over"Converged"Enhanced"Ethernet"(RoCE)"
–  MVAPICH'(MPIB1),'MVAPICH2'(MPIB2.2'and'MPIB3.0),'Available'since'2002'

–  MVAPICH2BX'(MPI'+'PGAS),'Available'since'2012'
–  Support'for'GPGPUs''(MVAPICH2BGDR)'and'MIC'(MVAPICH2BMIC),'Available'since'2014'
–  Support'for'Virtualiza2on'(MVAPICH2BVirt),'Available'since'2015'
–  Used'by'more'than''2,425'organiza2ons'in'75'countries'
–  More'than'279,000'downloads'from'the'OSU'site'directly'

–  Empowering"many"TOP500"clusters"(Jun"‘15"ranking)"
•  "8th"ranked"519,640,core"cluster"(Stampede)"at""TACC"

•  11th"ranked"185,344,core"cluster"(Pleiades)"at"NASA"

•  22nd"ranked"76,032,core"cluster"(Tsubame"2.5)"at"Tokyo"Ins3tute"of"Technology"and"many"others"

–  Available"with"soqware"stacks"of"many"IB,"HSE,"and"server"vendors"including"Linux"Distros"(RedHat"and"SuSE)"

–  hTp://mvapich.cse.ohio,state.edu"

•  System,X"from"Virginia"Tech"(3rd"in"Nov"2003,"2,200"processors,"12.25"TFlops)",>"Stampede"at"TACC"(8th"in"Jun’15,"519,640"cores,"
5.168"Plops)"

MVAPICH2"Soqware"
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•  We"have"implemented"OpenSHMEM"NBC"inside"UCR"
•  Other"implementa3ons"can"implement"it"in"any"way"(over"GASNet"

and/or"any"comm."run3me)""
•  UCR"unifies"the"Collec3ve"Algorithms"for"MPI"and"PGAS"models"

–  Takes"advantage"of"all"op3miza3ons"in"the"MPI"Collec3ve"word""
–  Maps"both"OpenSHMEM"and"MPI"collec3ve"opera3ons"to"the"same"

algorithms"
–  Transparent"and"lightweight"Communicator"Crea3on""
–  Communicator"Cache"

Implementa3on"at"UCR"level"
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•  OMB"has"OpenSHMEM"benchmarks"already"

•  In"this"paper,"we"propose""
– OpenSHMEM"NBC"benchmarks"

– Support"for"all"Non,Blocking"Collec3ves""

OSU"Micro,Benchmarks"(OMB)"
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•  We"need"extensions"to"the"OMB"for"evalua3ng"OpenSHMEM"
NBC"

•  Need"to"evaluate"new"parameters"like""
–  Overlap"Percentage"
–  Time"for"test"calls"
–  And"more…"

•  Will"help:""
–  Evaluate"implementa3ons"of"OpenSHMEM"NBC"in"a"fair"manner"
–  Users"redesigning"their"applica3ons""

Extending"OMB":"OpenSHMEM"NBC"
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1.   Pure'Comm.'Latency',"Latency"of"an"NBC"when"we"call"the"collec3ve"immediately"followed"by"
shmemx_wait_req()"call"

"
2.   Overall'Latency","Latency"of"an"NBC"opera3on"when"we"call"the"collec3ve,"followed"by"independent"

computa3on"and"specified"number"of"test"calls,"followed"by"a"shmemx_wait_req()"call"
"
3.   BlockingBAvg'Latency","Average"latency"of"a"Blocking"Collec3ve"opera3on""
"
4.   Compute'Time","Time"taken"by"the"dummy"compute"(independent"overlapped"computa3on)"

func3on."

5.   Test'Time","Time"taken"by"shmemx_test_req()"calls""

6.   NBC'Overhead","This"is"the"difference"in"performance"of"collec3ve"when"its"Pure"Comm."latency"is"
compared"with"Overall"latency""

Performance"Evalua3on"Metrics"
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Compute_on_CPU,,
(,Matrix,Mul,),,

shmemx_test_req,(,),,

While,elapsed,
,time,<,Compute,

Timing,of,Pure,comm,

shmemx_wait_req,(,),

Structure"of"the"Benchmark"
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Estimate,compute,time,using,Pure,comm,and,test,time,
J,Initiate,the,compute,function,,

shmemx_broadcast32_nb,(,),,
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•  RI"cluster"at"The"Ohio"State"University"for"all"the"experiments""

•  160"compute"nodes""

•  Each"node:""
–  2"Intel"E5630"processors"2.53"GHz""

–  8"cores"per"node""

–  12"GB"of"RAM"per"node""

–  RHEL"6.5"(Kernel"2.6.32,431)"opera3ng"system""

–  Mellanox"ConnectX,2"QDR"InfiniBand"cards"(40"Gbps)""

•  Nodes"connected"with"1"Mellanox"MTS3610"196,port"InfiniBand"switch"configured"as"
full"fat,tree"network""

Experimental"Setup"
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"
•  Described"the"design"and"implementa3on"details"of"OpenSHMEM"NBC"opera3ons"using"MVAPICH2,X"

•  Designed"and"implemented"new"NBC"Micro,benchmarks"for"evalua3ng"OpenSHMEM"NBC"(part"of"OMB"
suite)"

•  Presented"a"comprehensive"performance"evalua3on"based"on"parameters"like"latency,"overlap,"NBC"
overhead,"and"effect"of"number"of"tests"calls"

•  Design"and"op3mize"NBC"algorithms"for"OpenSHMEM"

•  Applica3on"level"redesign"and"study""

Conclusion"and"Future"Work"
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MVAPICH"Web"Page""

hTp://mvapich.cse.ohio,state.edu/"

Thank"You!"
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