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Motivation The Basics of Dijkstra’s Algorithm

TM community needs real-world applications
Serial algorithm

For each vertex v the algorithm

maintains a shortest path estimate d(v),
which gradually converges to the actual
distance d(v), through edge relaxations

» Graph algorithms are described as good candidates
for TM, due to irregular accesses of underlying data

structures Input : G=(V,E), w: E-R*, |
source vertex s, min Q

~ , _ Output  :shortest distance array d, g -
Dijkstra’s algorithm redecessor array Three partitions of vertices
= fundamental and widely used algorithm for the single- foreach v € V do " Settled: d(v) = o(v)
source shortest paths (SSSP) problem d[v] & INF; . - d(v) > ®(v) and d(v) #
m : : : r[v] < NIL;

mhe.rently serial, thus Challgnglng to paralleh;e nsert(QLy) » Unreached: d(v) = o
= previous attempts resulted in major changes in ot
algorithm’s semantics or structure (e.g. A-stepping, dls] < 0;

Boost library implementation)
while Q # empty do

u €& ExtractMin(Q);

foreach v adjacent to u do
. . . sum € d[u] + w(u,v);
Straightforward Parallelization i dfv] > sum then
peeRa I Min-priority queue implemented as a binary min-hea
Fine-Grain Multi-Threaded dlv] < sum; p | Y9 P Co Y | P
nfv] < u; * maintains all but the settled (“optimal”) vertices
/*Initialization phase same to serial code */ end . min-heap property: for each i d(parent(i)) < d(i)
while Q # empty do end ’
pty : : T ’
Barrier = amortizes the cost of multiple ExtractMin’s and DecreaseKey’s
if tid = 0 then
u €& ExtractMin(Q);
Barrier _ _
for v adjacent to u in parallel do Helper-Threading Scheme Execution Patterns
sum < d[u] + w(u,v); L
if d[v] > sum then Motivation
Begin-Atomic = expose more parallelism to each thread
DecreaseKey(Q,v,sum); = eliminate costly barrier synchronization Serial FGMT Helper Threads
End-Atomic . FEE] _
d[v] & sum; : > - e R
nEv} : N Rationale , : 0 ¢
end ' = in serial, updates are performed only 8 - R R
end from definitely optimal vertices 3 I
= allow updates from possibly optimal X i
vertices § § :
Issues: - main thread operates as in serial - » Hmes
. Speedup bounded by average OUt'degree - he|per threads are aSSigned the next Example of HT scheme. In step i-1, node A was %
" concurrent heap updates to due DecreaseKey’S minimum vertices (Xk) and perform extracted and its neighbours were relaxed to the values 3
: - - 0 shown. In step i, the main thread extracts B while the . tract-mi
= barrier syr)chrc_)nlzatlon overhead (more than 70% of updates from them helpers are assigned the next 3 nodes in the queue % 8 exract min
total execution tlme) (C,D,E). For D and E, the helpers perform correct ® ] relax edges
S Iati th tat £ relaxations, since in step i-1 they obtained their final
: pecuiation On_ € Status of Xy distances. As a result, the main thread will be offloaded
Evaluatlon | | | | n f already 0pt|ma|, main thread will be from these relaxations. On the contrary, the helper that
= conventional synchron|zat|on mechanisms yleld offloaded took over C will perform suboptimal relaxations, since
maior slowdowns _ _ _ _ at the end of step i, C's distance will be updated to 57

J : : . Ce = if not Optlmal; any SUbOPtlma| relaxations by the main thread. However, in step i+1 the main
= TM gives better performance, highlights optimistic will be corrected eventually by main thread will extract C and relax again its out-edges,
parallelism, but still suffers from barriers overhead thread using now the correct distance.

Implementation of HT-Scheme Experimental Evaluation I I o
o o 17| |fesm ] sandbe —— | & 17| |595es™]  swahdper —— | & 17]
Main thread Helper thread " Simics 3.0.31, GEMS 2.1 i .y
hile O ; hile O ; * LogTM-SE (EE, HYBRID : I = ol
while Q # empty do while Q # empty do : , 5 £ £ R
resolution polic : : U R e N
u & ExtractMin(Q); while done =1do; | policy) N o [ Teeeet ] T oo 05 mat helper —e—
done & O,' X & ReadMin(Q,tid); " 3 dlﬁerent graph famllles, 6 O 4 6 8 10121416 1820 22 24 26 28 30 32 O 4 6 810121416 182022 24 26 2830 32 S 4 6 810121416 1820222p426283032
foreaCh v adjacent tO U do stop é O’ graph denSitieS Number of threads Number of threads Number of threads
sum & d[u] + w(u,v); foreach y adjacent to x and while stop = 0 do ] . oK00K rmat-10KX200K
Begin-Xact Begin-Xact el e =] T B 22 Ot vead e[| [ [| | 1 1
if d[v] > sum then if done = 0 then Results s sl —e—|) § < =
DecreaseKey(Q,v,sum); sum & d[x] + w(x,y); d in 15 out of 18 : s s
USRI Ll = speedups in 15 out 0 e i g 15t
dIv] & sum; if dly] > sum then N n o e A P/ PrTTTTTTST | e AR
nv] < u; DecreaseKey(Q,y,sum); , Up : R | T IRC IR N O RO O T O o o e
End_xaCt d[y] é Sum; 1 .84 °\D° 0 0/2 ;l 6 é 1‘0 1‘2 1‘4 1‘6 ’{8 20 2‘2 é4 2‘6 28 1;0 32 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 0 _2 4 6 ;Tﬁ;:ﬁ;&;{;;;{;ﬁz
end T[[y] é X" - main thread not Obstructed Number of threads Number of threads Number of threads
SEgln=ae else by helpers (<1% abort rate)
done & 1; stop < 1;
End-Xact End-Xact
end end
end - .
Future work Publications
_ TM for optimistic pa rallelization » "Employing Transactional Memory and Helper Threads
Why with TM? to Speedup Dijkstra's Algorithm". K. Nikas, N.
= composable: all dependent atomic sub-operations (check for . Anastopoulos, G. Goumas, N. Koziris. In Proc. of the
reIaxaItDion heap updgtes d,m updates) Coraposed infco a large atomic " HT+TMas a programming model for other graph 000 Vi At Sontoratiar 22.95 2008 (6
; y Uy : 2009), Vienna, Austria, September 22-25, 2009. (to
. . - roblems (MSTs, maximum flow, SSSP) and other
operation, without limiting concurrency Fs)imilar (“giee dy”) applications ) appear).
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» offers a way for helper threads interruption PP g P _ P » ’ _ G. G_oumas, N. Koz_lrls. In Proc. of th(_e 3r_d Workshop on
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semantics to correct things?) 2009), Rome, ltaly.





<<
  /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 false
  /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 <>
    /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


