The Berkeley UPC Project

http://upc.lbl.gov

Berkeley UPC Compiler Features Berkeley UPC Runtime Berkeley UPC Applications

* Translates UPC to C w/calls to Berkeley runtime = Fully open source, well-documented interface = Application benchmark suite

UNIFIED PIARALLEL C

* Fully compliant with UPC 1.1.1 specification = Berkeley GASNet used for communication: » Used to evaluate ease-of-use,

= Complete implementation of UPC collectives & 1/O = Portability from layered design performance, and scalability

= Entirely open source, based on Open64 = Performance from inline functions, macros, and = Motivates language/compiler extensions
= Berkeley upc_mem*() library extensions for network-specific implementations

NAS MG on HP Alpha/Quadrics

8 8

non-blocking and non-contiguous mem. copies " Collectives implemented using GASNet 2 support: m

m Using upc_memput
90 T 4 Using upc_memget
HH = 80 770 Using Berkeley asynch mempu
Berkeley UPC Portability ERTE e i i i
[ ]
LAPI, Dolphin SCI, MPI’ Ethernet, X1/Altix shmem OUT_NO OUT_NO OUT_NO OUT_MY OUT_MY OUT_MY OUT_ALL OUT_ALL OUT ALL
. operating Systems: Small Broadcast Performan(_;e w/ varying sync mode Godunov CFD i

* Uses one-sided
programming style
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=Platform-independent generated code supports: g — T B - Scales well to 1,000's | -
= Network Hardware (supported through GASNet): Taill | I. Ill I. N1l of UPC threads —_— |
.SMP, Myrinet’ Quadrics Elan 3/4, Infiniband, IBM 0 IN_! |N MY IN_ALL IN_! N|N M\N ALL IN_NO IN_MY IN_ALL e

Point-to-Point UPC vs Direct GASNet collective

=Linux, FreeBSD, NetBSD, Tru64, AlX, IRIX, HPUX, NP
= CPU / System Architecture: Interoperability FORTRAN numerics '

from LBNL Chombo

*x86, Itanium, Opteron, Athlon, Alpha, PowerPC, » Berkeley UPC provides app interoperability: - !
MIPS, PA-RISC, SPARC, T3E, X1, SX-6 = UPC calls to/from C. C++. FORTRAN. MPI » Uses multi-D strided ‘
=Translator runs on Linux and Tru64 . - i) hilers- data movement i s s s R
=x86, Itanium, Opteron and Alpha Runtime supports mUItlple uPC compllers. * Motivates strided Time evolution of a Mach 10 shock wave
J » OP P = Berkeley source-to-source UPC translator reflecting off surface at 30 degree angle,
ilati memcpy extensions 9 9 9
=Seamless cross-compilation for other systems » Intrepid GCC/UPC binary compiler performed on SGI Altix at ORNL
=using Berkeley translate server or your own .
Tools and Testing Parallel Delaunay Triangulation
Compiler Optimizations : : : : _
= Debugglng Wlth Etnus TOtaIVlew upcomlng « Demonstrates use of |rregu|ar
upc_forall Affinity " Vestor Addition = Extensive compliance test suite (>500 tests) distributed data structures
Test Removal %m , » = GASNet Trace performance analysis tool * Directories maintain replicated
=Removes the runtime branch % = Reports time threads spend waiting at barriers cached copies of remote d?ta
from upc_forall loops §r e = Summarizes shared memory refs, local & remote » App-level teams for collectives
LS EUE LI * Reveals load imbalance, communication "leaks", and memory allocation .
address amnty expressions S S — message size stats, all by source line & thread: ~ * Hand optimizations motivate Mesh Generation

Split-Phase [ m":;‘::;':s"?:}:fgg:;':m: ferf_jei'::nfgl'l‘t-_g';sgoc°;"m- 15.c (NAS Integer Sort BARRIER REPORT: compiler support for message  (Triangulation) in Progress
0 Vi mniuati up, wri I W 486 void upc_reduced_sum (shared SOURCE LINE TYPE TIME(min  max avg total) CALLS H . =
Access + Conforms to the UPC memory consistency model 487 elem_t* buffer, size_t size) { e T coalescing and strip-mining

is.c : 493

Thread 0 285ms 5 s 819 ms 9 s 11
. . . 493 ptrs = upc_all_alloc(THREADS, Thread 1 681 us 1ms 788 us 9ms 11 .
Message « Converts fine-grained accesses into bulk msgs 494 sizeof(elem_t*); theoad 2 e s e ™ UPC Linpack
Coalescing 287ms 5 s 821lms 9 s 11

« Currently supports 1D arrays, extending to multi-D 501 upc_forall (thr_cnt="1; | Thmeads N .
502 thr_ont<THREADS; » Dense LU factorization (HPL)

Speedup Over Fine-Grained Code 07, Automatic vs. Man IIVODnmlxedC de thr_cnt <<= 1; continue) { GET REPORT: - - - - =
e 504 i ((MYTHREAD%(hr cnt<<t){ | soc tres  mmee msormin max e woan auzs | © FIFSE Step in sparse direct factorization (SuperLU)

505 upc_memget(local_array,
506 ptrs[MYTHREAD + thr_cnt], | 45 ¢ . 505 GLOBAL 8B 4K 2K 133K 66
507 size * sizeof(elem_t)); Thread 0 8B 14X 2K 89 K 14
508 Thread 2 8 B 4K 2 K 44 K 22
519 )
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Message Coalescing for Matrix-Vector Multiply





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0033003000300020006400700069>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


