833

PAK vol. 59, nr 8/2013

Przemystaw MAZUREK

ZACHODNIOPOMORSKI UNIWERSYTET TECHNOLOGICZNY W SZCZECINIE, KATEDRA PRZETWARZANIA SYGNALOW | INZYNIERII MULTIMEDIALNEJ,

26. Kwietnia 10, 71-126 Szczecin

Evolutionary GPGPU compilers and execution time measurements

Dr Eng. Przemystaw MAZUREK

Assistant professor in the Department of Signal
Processing and Multimedia Engineering at the Faculty
of Electrical Engineering, West-Pomeranian University
of Technology, Szczecin. Author of about 140 papers
related to the digital signal processing, estimation of
object kinematics, biosignals acquisition and processing.

e-mail: przemyslaw.mazurek@zut.edu.pl

Abstract

The problems of measurements of the execution time for CUDA kernels
are considered in this paper. A few estimators are compared for different
execution times. The proper measurements are important for code
optimization using evolutionary compilers. The best estimator for fast time
kernels (ms) is the minimal value estimator. The single run value is
applicable for long time kernels (seconds). The disturbances of
measurements are also related to the time between kernel runs, which is an
unexpected result.
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Ewolucyjne kompilatory dla GPGPU i pomiar
czasu wykonywania kodu

Streszczenie

Kompilatory ewolucyjne pozwalaja na optymalizacje kodu zrodlowego
i uzyskanie bardziej optymalnego (szybszego) kodu wynikowego.
Wykorzystujac metody optymalizacji nieliniowej mozliwe jest znalezienie
lepszej kombinacji instrukcji (rys. 3). Jest to istotne dla uktadow
z nieznang metryka wykonywania kodu. Tego typu sytuacja ma miejsce
dla kart GPGPU z platformg CUDA, gdzie mozliwe jest programowanie
na poziomie jezyka C (CUDA) lub kodu posredniego (PTX [3]) — rys. 1.
Z uwagi na niemozno$¢ programowania na poziomie procesora GPU
i brak informacji na temat architektury, konieczna jest optymalizacja na
wyzszym poziomie. W tym celu nalezy wykorzysta¢é pomiary czasu
wykonywania (rys. 2), jednak jest to trudne z uwagi na zaktocenia pomiaru
ze strony systemu operacyjnego i innych urzadzen komputera.
Sugerowany pomiar Sredniego czasu dla kilkunastu uruchomien jest
nieadekwatny w wielu sytuacjach. O ile dla dtugich czasow wykonywania
kodu GPGPU rzgdu sekund jest to akceptowalne (rys. 6), to nie jest to
prawidtowe dla krotkich czasow rzgdu ms. Wykorzystujac estymatory (2-
5) mozna poszukiwac lepszego rozwigzania. Najbardziej nieoczekiwanym
jest to, ze istnieje silny wplyw opdznienia migdzy kolejnymi
uruchomieniami kodu GPGPU na wynik (rys. 7). Estymator $redniej jest
lepszy od mediany, ktora potrafi fatlszowa¢ wyniki, ale najlepszym jest
warto§¢ minimalna dla wielu uruchomien. Niestety takze warto$¢
minimalna zalezy od czasu opo6znienia mig¢dzy uruchomieniami, przy
bledzie 15%.

Stowa kluczowe: Kompilatory, GPGPU, Pomiary czasu.
1. Introduction

Reduction of the execution time of algorithms is of the most
importance in modern computers and their applications. Many
techniques, related to changes in the hardware architectures and
software development tools, are used nowadays. The main
limitation is the algorithm that should be implemented in the
existing hardware using available software development tools. The
optimization of the algorithm on its level is limited, so hardware
and software implementation are most important for the
processing time reduction.

Hundreds processing cores could be applied for improving
computational performance of a computer system [1, 2].

Alternative approaches, like the application of FPGA processing
chip, are possible, but the development of the FPGA structure is
necessary and overall cost is higher. GPGPU processing is limited
by many factors. The flexibility of GPGPU is moderate and only
selected algorithms are well fitted. A few hundred faster
computations in comparison to the single CPU are possible. Some
algorithms are not easy to implement and the performance is
rather poor, similar to the typical CPU.

There are many factors that limit possibilities of the efficient
implementation of the GPGPU code [1, 2]. The algorithm could be
not well fitted inherently, but the limitations related to the
software developer are most important. The fitting of a new
algorithm for the GPGPU architecture and finding a suboptimal
solution is very difficult to obtain.

There many constraints related to the GPGPU, especially
related to the memory accesses. A new version of GPGPUs adds
new capabilities, so the optimal solution for an older version is not
necessary optimal for a recent card.

The next important limitations are development tools, especially
compilers. The code generation is based on the C-level language
that should be fitted to the appropriate GPGPU architecture. There
should be generated an assembly code for the GPGPU, but it is not
possible. The intermediate code (PTX) [3] is generated instead of
a true machine code. There are many reasons of this solution. The
executable code, fitted into the specific GPGPU assembly code is
fixed, due to ISA (Instruction Set Architecture). The intermediate
code could be translated to another ISA and the forward
compatibility could be obtained, even if ISA opcodes are
modified. The GPGPU code is executed by a virtual machine from
the programmer’s point-of-view. It is a gray-box case, where the
knowledge about the system is limited.

CUDA code

PTX code

s1adojonsp oy ajqeliene

GPGPU
internal code

Fig. 1.  Processing scheme of a CUDA kernel
Rys. 1. Schemat przetwarzania typowego jadra CUDA

Possibilities of the code optimization are limited by the lack of
details about the hardware architecture and assembly language [1-
3]. The run-and-measure strategy is suggested. The time
measurement is the main indicator of performance. There are other
indicators available, like coalescence statistics for memory
accesses, but the time measurement is preferred. The typical
GPGPU (CUDA platform) code uses the structure form Fig. 2.

cutilSafeCall( cudaThreadSynchronize )

cutilCheckError( cutResetTimer(hTimer) );
cutilCheckError( cutStartTimer(hTimer) );

GPUkernel<<<blockGrid, threadBlock>>>( );

cutilCheckMsg("TBDstepGPU() execution failed\n");
cutilSafeCall( cudaThreadSynchronize () );

cutilCheckError( cutStopTimer( hTimer) );
gpuTime = cutGetTimerValue( hTimer );

Fig. 2. The typical CUDA kernel call with execution time measurements
Rys. 2. Typowe wywotanie jadra CUDA wraz z pomiarami czasu wykonywania

Time measurements are based on functions that are called by the
CPU, unfortunately. The scheduler of the operating system influences
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the measurements. The recommended measurement by NVidia is the
mean value of some number of the CUDA kernel calls.

2. Evolutionary (adaptive) compilers

The trial and error method is not efficient for the code
optimization if it is made by the software developer. An
alternative approach is using evolutionary (adaptive) compilers
[4-6]. The code is generated using the standard compiler and the
source code is optimized by another compiler. This compiler
implements evolutionary techniques for the code synthesis using
alternative solutions and source code mixing without results
influence. The time measurements are the cost function values. It
is a different approach in comparison to the conventional
compilers, where heuristics are commonly used.

START

Inital code
Time measurement (Old)

»le

Y
New code = Old code

Code modification (New)
Time measurement (New)

Fig. 3. Evolutionary compiler scheme
Rys. 3. Schemat kompilatora ewolucyjnego

Old code = New code

A

slower faster

The better solution (faster code) could be achieved after
numerous iterations. It is an extremely slow technique in
comparison to the single call of a conventional compiler. Better
results could be obtained during hours or days depending on the
algorithm, code, code variants and starting point. It is not
acceptable for regular software development, but it is only one
technique for the critical part of a code for the GPGPU. The
processing path of the code cannot be driven by data, but it is
typical for real-time applications.

3. Time measurement results

Time measurements are simple but not reliable on the CUDA
platform, especially for evolutionary compilers, where the
measurement error influences the convergence. The random factor is
not good for local minima search, especially. Proper modifications of
the code are rejected quite often, due to measurement errors.

NVidia GPGPU cards have additional limits related to the
application of the single CUDA GPGPU. The same card is used as
a graphic card and for computational purposes quite often. Such
a card cannot be used in multi-monitor systems and the second
limitation is related to the longest processing time. The CUDA
processing kernel is aborted after about a few seconds,
independently of the results. The recursive processing and
algorithms without a specified stop moment are complicated, and
multiple calls with higher granulation of the processing time and
data are necessary. A solution of this problem is available and the
computation using the dedicated (additional) GPGPU is necessary.
One or more CUDA cards are desired in such systems. The
suggested method of measurements by NVidia SDK is based on
the mean value of multiple runs of kernels (1). Such a result is the
reference to other techniques. This is a straightforward technique,
but the real results show significant problems for this technique.

Texec :LNZN:Tr (1)
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An example distribution for 10000 code runs for the fixed
computational cost kernel is shown in Fig. 4. The mean value is
related to the distribution and it is about 2.256 [ms], but the
minimal value is 2.243 [ms]. The computation cost is fixed and
the unknown value is disturbed by numerous factors.
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Fig. 4. Example distribution of the execution time (10000 code runs)
Rys. 4. Przyktadowy rozktad czasu wykonywania (10000 uruchomien)

The Markov dependency (relation between the current and
previous execution time) is depicted in Fig. 5. There are cases not
depicted in Fig. 4, where the execution time is more than 6 [ms]
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Fig. 5. Example phase diagram (10000 code runs)
Rys. 5. Przyktadowy wykres fazowy (10000 uruchomien)

Some grouping of cases is visible where two tests give similar
measurements. Most cases are located in the bottom-left corner
and the Markov dependency for this test case is low.

There are multiple sources of disturbances related to the
measurements. Interrupts related to the activity of computer
devices and scheduler properties are typical. The most important
disadvantage of the measurement technique (Fig. 2) is related to
the possibility of the task switching between starting and stopping
timer. High activity of the operating system and devices could
change results and add bias to the empirical values, so the mean
value (1) is not a promising estimator.

The next test is related to the execution time of the first start of
the kernel. The first run is the warm-up of the CUDA and the next
executions of the kernel are faster due to reusability of the
initialization of the CUDA card. Kernels are started using a group
of 20 code runs and the delay between two groups is set as a 2
seconds. The execution time is variable, but fixed for the group
(controlled by the ‘for’ loop counter inside the kernel). The
following estimators are verified:
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Tmean = N]—] ZT; (2)

i=2
T oin :min(TzaT_%r“"TN) 3)
Tmedi(m = median (TZ > T3 200 TN ) (4)
T = max (T2, Ty, Ty ) ®)

The differences between the warm-up and estimators (2-5) are
shown in Fig. 6.
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Fig. 6. Comparison of the execution time of warm-up and estimators (2-5)
Rys. 6. Pordéwnanie czasu wykonywania dla pierwszego startu i estymatorow (2-5)

The maximal difference between the warm-up and estimator
value is about 2 ms per 1 second of code execution. It is 0.2%, so
the error is small for all estimators for quite long execution times
(about seconds). It is sufficient for the measurement of such
kernels. Consideration of the warm-up case as a part of the mean
calculation is possible using the mean formula (1).

The reduced computation time kernels are harder to measure
due to fluctuations (Fig. 4), because the probability of
measurements of the minimal execution time is low. The effect
obtained in the next test is more important in such a case.

The code has fixed the execution time and the additional and
variable delay is added before kernel starting (between previous
stop and next start of the timer). The all kernels from the group are
started with this delay. The results are shown in Fig. 7 for the
warm-up and group (19 code runs) using estimators (2-5).

The variations of the warm-up execution time are about 80% of
the minimal value. Single tests for the specific warm-up delay are
applied. Application of the estimators for 19 code runs should be
more reliable. The delay between 0 a 2.1 seconds influences the
results almost linearly. There is a gap between 2.1 and 4.3 seconds
where the all estimators give the minimal value. A higher delay
gives large disturbances of measurements. The maximal estimator is
the reference of the worst case. The mean value estimator consists of
about 40% of the worst case. The application of the median
estimator gives very unreliable results. It behaves correctly up to 4.3
seconds and better in comparison to the mean estimator. Delays
higher than 4.3 seconds give errors similar to the worst case.

The best results are obtained for the minimal estimator, but
multiple code runs are desired. There are still errors about 15%
between different delays. The similar results are obtained for a
few independent tests.

4. Conclusions

The Linux OS 3.0.9, CUDA 4.0, GeForce 8600 GTS card,
Pentium4D processor are used. Time measurements using CUDA
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platform are problematic. Long time (about seconds) measurements
are possible using the mean value. Short time (milliseconds)
measurements need multiple code runs (tens or hundreds tests) and
the minimal value could be applied. Multiple tests increase the
computation cost for a single iteration of the evolutionary compiler,
unfortunately. There is a significant influence of other tasks between
code runs. The evolutionary compiler may disturb measurements,
adding delays before kernel start.
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Fig. 7. Comparison of the execution time for variable delays between code runs
Rys. 7. Poréwnanie czasu wykonywania dla zmiennego czasu op6znienia migdzy
kolejnymi przebiegami kodu.

This work is supported by the UE EFRR ZPORR project 7/2.32/1/1.3.1/267/05
"Szczecin University of Technology - Research and Education Center of Modern
Multimedia Technologies" (Poland).

5. References

[1] NVIDIA CUDA C Programming Guide v.4.0, NVidia, 2011.

[2] NVIDIA CUDA, CUDA C Best Practices Guide v.4.0, NVidia, 2011.

[3] NVIDIA PTX: Parallel Thread Execution. ISA Version 2.3. NVIDIA,
2011.

[4] Cooper K.D., Schielke P.J., Subrarnanian D.: Optimizing for reduced
code space using genetic algorithms, Proceedings of the Symposium
on Languages, Compilers and Tool Support for Embedded Systems,
1999.

[5] Cooper K.D., Subramaniam D., Torczon L.: Adaptive compilers of the
21th century. Journal of Supercomputing 23, 7-22, 2002.

[6] Joseph P.J., Jacob M.T., Srikant Y.N., Vaswani K.: Statistical and
Machine Learning Techniques in Compiler Design, in: Srikant Y.N.,
Shankar P. (eds.), The Compiler Design Handbook, Optimization and
Machine Code Generation, CRC Press 2008.

otrzymano / received: 21.05.2013

przyjeto do druku / accepted: 03.07.2013 artykut recenzowany / revised paper




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


