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Background

Matrix computation libraries

Source-level dependency on particular libraries
Resulting from direct use of library-specific APIs
You need to modify user programs when...

Porting them to other computing environments
(using environment-specific special libraries)

Using alternative solvers, matrix storage formats,
and precisions

Both portability of user programs and utility of
libraries are limited
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SILC: Simple Interface for Library Collections

Basic ideas
Data transfer and a request for computation
Mathematical expressions for the request
A separate memory space for the computation

Input data

—
S
User program
memory space

Results Library collections
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Solving a system of linear equations Ax=b

In the traditional way (using LAPACK in C)

double *A, *b;
int kl, ku, Ida, Idb, nrhs, info, *ipiv;
dgbtrf (N, N, ki, ku, A, Ida, ipiv, &info); /* LU factorization */
if (info == 0)
dgbtrs ('N', N, kl, ku, nrhs, A, Ida, ipiv, b, Idb, &info); /* solve */

In SILC
silc_envelope_t A, b, x;
SILC_PUT ("A", &A);
SILC_PUT ("b", &b);

SILC_EXEC ("x=A\b"); /* call a solver (e.g., dgbtrf & dgbtrs) */
SILC_GET (&x, "x");

Design and implementation of SILC

Based on a client-server architecture
Client (sequential user program)
SILC server (OpenMP-based parallel program)

Iient erver
\

LAPACK| Other Libraries | +— Modules

User program

Interface
SILC client routines

Network




Main benefits of using SILC

Source-level independence between user
programs and matrix computation libraries

Easy access to alternative solvers and matrix
storage formats, possibly in other libraries PC PC

Instant porting to other computing environments

without any modification in user programs

You need to prepare only the smallest PC_SWP
amount of data |
Temporary buffers are automatically allocated

Language-independent mathematical expressions
Applicable in many programming languages (C, Fortran, Python)
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Functionalities

Data structures
Data types: scalar, vector, matrix, cubic array
Precisions: integer, real, complex (single or double)
Matrix storage formats: dense, banded, CRS

Mathematical expressions
Binary arithmetic operators (+, —, *, /, %)
Solutions of systems of linear equations (A \ b)
Conjugate transposes (A'), complex conjugates (A~)
Built-in functions
Ex. "sqrt(b' * b)" is the 2-norm of vector b
Subscript
Ex. "A[1:5,1:5]" is a 5x5 submatrix of A
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Modes for using LAPACK in SILC

Mode (A) Mode (B) Mode (C)
Both data transfer Data transfer with Data transfer with
and computation LAPACK another library
with LAPACK Computation with  ~ Computation with
another library LAPACK
Client Server Client Server Client Server

g )| ()
Solved with
dgbtrf & dgbtrs @

Solved with Solved with

the CG method dgbtrf & dgbtrs

Benefits of using LAPACK in SILC

Easy to use different solvers and matrix storage
formats (possibly in other libraries)

The SILC server is free to change solvers and matrix
storage formats

The same mathematical expression "x = A\ b"
for all precisions and matrix storage formats

The dgbtrf/dgbtrs pair is used only for band matrices of
double precision

Independent of vendor-specific C interfaces
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Experiments

Solution of systems of linear equations Ax=b
5-point difference Laplacian on a uniform 2D grid
A is a sparse symmetric matrix (dimension 40,000)
Program #1
Using LAPACK in Mode (C) with

the request "X = band(A) \ B" .ﬁ
Tested with 2 different servers @ @

Solved with
PC SMP dgbtrf & dgbtrs

Remote SILC server Mode (C)

Client Server

Local SILC server

Experiments (cont'd)

Program #2 (without SILC)
Matrix A in the CRS format
Direct use of library function ssi_cg (the CG method)
Computing environments
Notebook PC
CPU: Intel Pentium M 733 1.1 GHz, OS: Linux
A remote SMP machine in a 100 Base-TX LAN
CPU: dual Intel Xeon 2.8 GHz, OS: Linux

Program #1
Program #2
Local SILC server Remote SILC server
Notebook PC 100 Base-TX LAN SMP machine
(slower) (faster)




Experimental results
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Instant porting by means of the 2 SILC servers (without
any modification in Program #1)

Easy to use LAPACK from a user program of a different
library (originally using ssi_cg with the CRS format)

Summary

Proposal of SILC

Simple Interface for Library Collections
Source-level independence between user
programs and matrix computation libraries

Easy access to alternative solvers and matrix
storage formats, possibly in other libraries

Instant porting to other computing environments
without any modification in user programs
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Future work: distributed SILC

Sequential client with MPI-based client and
MPI-based server server

( User program |

( User program | ' )
SILC server Ciomy || SlLCserver

(Client)

Primary connection for request and data transfer

Connection for request ‘
and data transfer Worker ‘#1 /
D H @ T V ]

Secondary connections.
Data redistribution layer for data transfer Data redistribution layer

Advertisement

SILC version 1.1 is freely available
For UNIX environments
Sample programs in C, Fortran, and Python
Documentations
Visit the SILC home page for more info
http://ssi.is.s.u-tokyo.ac.jp/silc/
| am willing to do a demonstration of SILC
upon request

HPC Asia 2005





<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 790.866]
>> setpagedevice


