Highlights of recent work:

1. Effects of shaping on the Dimits nonlinear shift
with Emily Belli
2. Implementation of equilibrium sheared flows in GS2

with Bill Dorland & Nuno Loureiro

3. Algorithm studies

(improved GMRES, Krylov solvers, TVD/CWENO shock-capturing algorithms, semi-implicit methods)

(interactions with Jin Chen, Steve Jardin, Ravi Samtaney, David Keyes,
Mark Adams, Jim Stone, Prateek Sharma, Nuno Loureiro, Eitan Tadmor)

Greg Hammett
PPPL theory microseminar 11/16/2006

(I only showed about half these slides for a ~10 min talk.)

Candy & Waltz, General Atomics



Unlike the linear results, the nonlinear critical
temperature gradient increases with strong shaping.

Nonlinear 10n and electron heat fluxes vs. R/L;
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(d, B is varied with K & R/Ly) Belli, Ph.D. Thesis 2006



The larger upshift of the nonlinear critical gradient with
higher shaping may be due to enhanced zonal flows.

Amplitude of R-H residual zonal flows vs. K

(data points are the GS2 results;
the lines are the analytic model prediction)
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Overall, the geometry of residual zonal flows is
important and may help explain why strong
shaping is favorable in experiments.

A model prediction for the scaling
of the R-H" h with shaping was
found empirically based on the
GS2 data. We assume:
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(C=0.887 to match GS2 circular case (x=1)
with original R-H model.)

We found a good fit with:

f(x0)=1 1+K2[1+r35j

r

Analytic confirmation: Yong Xiao & Catto ‘06

* M. Rosenbluth & F. Hinton, Phys. Rev. Lett. 80, 724 (1998).




Physical picture of Hinton-Rosenbluth residual flow:

Classical polarization density:
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Neoclassical polarization density (enhanced by larger banana widths):
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Hinton-Rosenbluth residual flow:
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GS2 solves Eq. of form:

%f(kx,ky,e,E“u,t): L( k0, E,,u)f(kx,ky,...,t)+ NonlinTerms

Include equilbrium scale ExB shear by substitution:
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X
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- flle,(@),k,,6,....1)= Lk, (¢),k,,6,..)f (k. (1), k, ...t )+ NonlinTerms
N v J
GS2 treats all linear terms implicitly. Recalculating all of the implicit response
matrices every time step when k, changes a little bit would be very expensive.

Instead of recalculating response matrices, just use Nearest-Grid-Point
interpolations. Most easily implemented in reverse:

Whenever K, (t) differes from k, , by more than 4k /2, shift £

flesk, )& fli, + Ak, k, )
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Discontinuous jump in growth rate
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/ (Connor, Taylor, Wilson, PRL 93)

Shearing rate Texs

Hammett, Dorland, Loureiro
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Floquet mode representation (Waltz, Dewar, Garbet 98) shows large growth of wave
packet while in bad curvature region, even though time-averaged growth rate is small.

Hammett, Dorland, Loureiro



The power of optimal algorithms

® Advances 1n algorithmic efficiency can rival advances
in hardware architecture

® Consider Poisson’s equation on a cube of size N=n’

modified ILU preconditioning

Year | Method Reference Storage Flops
1947 | GE (banded) | Von Neumann & "’ Efi fj/’
Goldstine \
1950 | Optimal SOR | Young n3 n*log n
g - - Viu=f | e
1971 1 cG w/ modified ILU  Reid / Gustafson (BIT 78) " > log n y
1984 | Full MG Brandt Multigrid n o
If n=64, implies
X16 Million speedup:
Restarted GMRES no 6 months -> 1 second
Loose GMRES/CG (Baker 2005) ~n4
Loose GMRES/CG with ~n3-5

Based on David Keyes, Columbia Univ.



Algorithms and Moore’s Law

® This advance took place over a span of about 36 years, or 24 doubling times for

Moore’s Law

® 274~16 million = the same as the factor from algorithms alone!
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PPPL Colloquium, 25 Jan 2006

David Keyes, Columbia Univ.



# iterations to err < 1.e-10
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1-D Poisson Problem: &2 @&/ dx2=p, with n grid points



Improved method for restarting GMRES

“The Tortoise and the Hare Restart GMRES,” Mark Embree (2003)
http://epubs.siam.org/sam-bin/dbg/article/39961
shows examples where GMRES(1) converges, GMRES(2) stagnates

| developed a way to significantly improve restarted GMRES, by keeping
information from previous search directions. Like “Dynamic Relaxation” (see
Jardin’s course notes), but time step & damping rate chosen optimally each
iteration to minimize error. (“Dynamic Relaxation” = 2cd order Richardson
iteration, related to 2cd order Chebyshev iteration). Nonlinear/Newton-Krylov.

/u/hammett/codes/gmres/dr_gmres

Turns out to be equivalent to LGMRES(1,1) “Loose GMRES”:

“A Technique for Accelerating the Convergence of Restarted GMRES”, A. H.
Baker, E. R. Jessup, T. Manteuffel, SIAM Journal on Matrix Analysis and
Applications Volume 26, Number 4, pp. 962-984 (2005)

Standard ILU preconditioning is of no benefit. Essential to use “Modified ILU”
preconditioning, Gustafsson BIT 18, 142 (1978) (but MILU broken in Matlab)




<<
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


