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THE special issue on Innovative R&D toward the Exascale
Era explores new foundational and translational

research toward enabling exascale computing for emerging
scientific and societal challenges. Exascale computing is
defined as the capability to perform 1018 operations per sec-
ond. Productively harnessing such a scale of processing,
storage, and networking capabilities for diverse domains—
including high-performance computing (HPC) simulations,
artificial intelligence (AI), and extreme data-driven comput-
ing—relies on not only revitalizing existing parallel and dis-
tributed computing technologies but also innovating new
solutions. Papers in this special issue explore diverse topics
in research encompassing parallel, distributed, and hetero-
geneous systems for exascale, including advances in appli-
cations, programming environments, runtimes, libraries,
innovative algorithms, domain-specific frameworks, sys-
tems architecture, performance analysis, data processing,
and networking technologies.

We thank all authors for their submissions. The selection
process from the 40 submissions involved multiple stages.
In the first review round, we had 13 minor revisions and 15
major revisions. In the second revision round, 18 papers
were accepted, together with 8 papers under a minor
revision. In the third revision round, 6 papers were
accepted. In total, 24 papers were accepted for the special
issue, leading to a final acceptance rate of 60 percent.

Of the accepted papers, four focus on system software
and related topics, with emphasis on addressing issues in
the complexity of emerging architectures:

� “Anomaly detection and anticipation in high perfor-
mance computing systems,” [A1]

� “Online power management for multi-cores: A rein-
forcement learning based approach,” [A2]

� “Near-zero downtime recovery from transient-error-
induced crashes,” [A3] and

� “Compiler-assisted compaction/restoration of SIMD
instructions.” [A4]

Six papers focus on programming models, runtimes,
tools, and libraries that are helping users to handle the diffi-
culties of working with multiple heterogeneous architec-
tures while working toward performant code at extreme
scale:

� “EXA2PRO: A framework for high development pro-
ductivity on heterogeneous computing systems,” [A5]

� “Kokkos 3: Programming model extensions for the
exascale era,” [A6]

� “Design and performance characterization of
RADICAL-pilot on leadership-class platforms,” [A7]

� “LB4OMP: A dynamic load balancing library for
multithreaded applications,” [A8]

� “The PetscSF scalable communication layer,” [A9]
and

� “An automated tool for analysis and tuning of GPU-
accelerated code in HPC applications” [A10]

Four papers focus on data-intensive processing, parallel
I/O, and storage systems, at scale:

� “Enabling scalable and extensible memory-mapped
datastores in userspace,” [A11]

� “Improving I/O performance for exascale applica-
tions through online data layout reorganization,”
[A12]

� “Transparent asynchronous parallel I/O using back-
ground threads,” [A13] and

� “Accelerating HDF5 I/O for exascale using DAOS.”
[A14]

Three papers address scalable graph and network
computations:

� “Characterizing performance of graph neighborhood
communication patterns,” [A15]

� “A parallel algorithm template for updating single-
source shortest paths in large-scale dynamic
networks,” [A16] and

� “TianheGraph: Customizing graph search for
Graph500 on the Tianhe supercomputer.” [A17]

Seven papers focus on other algorithms and applications,
including the use of new programming models and mixed
precision computation to work toward efficient and scalable
performance at exascale:

� “VPIC 2.0: Next generation particle-in-cell simu-
lations,” [A18]
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� “Accelerating geostatistical modeling and prediction
with mixed-precision computations: A high-produc-
tivity approach with PaRSEC,” [A19]

� “libEnsemble: A library to coordinate the concurrent
evaluation of dynamic ensembles of calculations,”
[A20]

� “Combinatorial BLAS 2.0: Scaling combinatorial
algorithms on distributed-memory systems,” [A21]

� “Evaluating spatial accelerator architectures with
tiled matrix-matrix multiplication,” [A22]

� “GSOFA: Scalable sparse LU symbolic factorization
on GPUs,” [A23] and

� “Accelerating restarted GMRES with mixed preci-
sion arithmetic.” [A24]

We thank all members of the review committee for their
hard work and insightful feedback on submissions. We also
thank the community for interest in this special issue. We
hope that the information in this special issue will help to
further advance insights in work toward the exascale era.

APPENDIX: RELATED ARTICLES
[A1] A. Borghesi, M. Molan, M. Milano, and A. Bartolini,

“Anomaly detection and anticipation in high perfor-
mance computing systems,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 739–750, Apr. 2022.

[A2] Y. Wang, W. Zhang, M. Hao, and Z. Wang, “Online
power management for multi-cores: A reinforce-
ment learning based approach,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 751–764, Apr. 2022.

[A3] C. Chen, G. Eisenhauer, and S. Pande, “Near-zero
downtime recovery from transient-error-induced
crashes,” IEEE Trans. Parallel Distrib. Syst., vol. 33,
no. 4, pp. 765–778, Apr. 2022.

[A4] J. M. Cebrian et al., “Compiler-assisted compaction/
restoration of SIMD instructions,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 779–791, Apr. 2022.

[A5] L. Papadopoulos et al., “EXA2PRO: A framework for
high development productivity on heterogeneous
computing systems,” IEEE Trans. Parallel Distrib.
Syst., vol. 33, no. 4, pp. 792–804, Apr. 2022.

[A6] ChristianR. Trott et al., “Kokkos 3: Programmingmodel
extensions for the exascale era,” IEEETrans. ParallelDis-
trib. Syst., vol. 33, no. 4, pp. 805–817, Apr. 2022.

[A7] A. Merzky, M. Turilli, M. Titov, A. Al-Saadi, and
S. Jha, “Design and performance characterization of
RADICAL-pilot on leadership-class platforms,”
IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 4,
pp. 818–829, Apr. 2022.

[A8] J. H. M€uller Kornd€orfer, A. Eleliemy, A. Mohammed,
and F. M. Ciorba, “LB4OMP: A dynamic load balanc-
ing library for multithreaded applications,” IEEE
Trans. Parallel Distrib. Syst., vol. 33, no. 4, pp. 830–841,
Apr. 2022.

[A9] J. Zhang et al., “The PetscSF scalable communication
layer,” IEEE Trans. Parallel Distrib. Syst., vol. 33,
no. 4, pp. 842–853, Apr. 2022.

[A10] K. Zhou, X. Meng, R. Sai, D. Grubisic, and J. Mellor-
Crummey, “An automated tool for analysis and tun-
ing of GPU-accelerated code in HPC applications,”
IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 4,
pp. 854–865, Apr. 2022.

[A11] I. B. Peng, M. B. Gokhale, K. Youssef, K. Iwabuchi, and
R. Pearce, “Enabling scalable and extensible memory-
mapped datastores in userspace,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 866–877, Apr. 2022.

[A12] L. Wan et al., “Improving I/O performance for
exascale applications through online data layout
reorganization,” IEEE Trans. Parallel Distrib. Syst.,
vol. 33, no. 4, pp. 878–890, Apr. 2022.

[A13] H. Tang, Q. Koziol, J. Ravi, and S. Byna,
“Transparent asynchronous parallel I/O using
background threads,” IEEE Trans. Parallel Distrib.
Syst., vol. 33, no. 4, pp. 891–902, Apr. 2022.

[A14] J. Soumagne et al., “Accelerating HDF5 I/O for exas-
cale using DAOS,” IEEE Trans. Parallel Distrib. Syst.,
vol. 33, no. 4, pp. 903–914, Apr. 2022.

[A15] S. Ghosh, N. R. Tallent, and M. Halappanavar,
“Characterizing performance of graph neighbor-
hood communication patterns,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 915–928, Apr. 2022.

[A16] A. Khanda, S. Srinivasan, S. Bhowmick, B. Norris,
and S. K. Das, “A parallel algorithm template for
updating single-source shortest paths in large-scale
dynamic networks,” IEEE Trans. Parallel Distrib.
Syst., vol. 33, no. 4, pp. 929–940, Apr. 2022.

[A17] X. Gan et al., “TianheGraph: Customizing graph
search for Graph500 on Tianhe supercomputer,”
IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 4,
pp. 941–951, Apr. 2022.

[A18] R. Bird, N. Tan, S. V. Luedtke, S. L. Harrell,
M. Taufer, and B. Albright, “VPIC 2.0: Next genera-
tion particle-in-cell simulations,” IEEE Trans. Parallel
Distrib. Syst., vol. 33, no. 4, pp. 952–963, Apr. 2022.

[A19] S. Abdulah et al., “Accelerating geostatistical model-
ing and prediction with mixed-precision computa-
tions: A high-productivity approach with PaRSEC,”
IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 4,
pp. 964–976, Apr. 2022.

[A20] S. Hudson, J. Larson, J.-L. Navarro, and S. M. Wild,
“libEnsemble: A library to coordinate the concurrent
evaluation of dynamic ensembles of calculations,”
IEEE Trans. Parallel Distrib. Syst., vol. 33, no. 4,
pp. 977–988, Apr. 2022.

[A21] A. Azad, O. Selvitopi, M. T. Hussain, J. R. Gilbert,
and A. Buluc, “Combinatorial BLAS 2.0: Scaling
combinatorial algorithms on distributed-memory
systems,” IEEE Trans. Parallel Distrib. Syst., vol. 33,
no. 4, pp. 989–1001, Apr. 2022.

[A22] G. E. Moon, H. Kwon, G. Jeong, P. Chatarasi,
S. Rajamanickam, and T. Krishna, “Evaluating spa-
tial accelerator architectures with tiled matrix-
matrix multiplication,” IEEE Trans. Parallel Distrib.
Syst., vol. 33, no. 4, pp. 1002–1014, Apr. 2022.

[A23] A. Gaihre, X. S. Li, andH. Liu, “GSOFA: Scalable sparse
symbolic LU factorization on GPUs,” IEEE Trans. Paral-
lel Distrib. Syst., vol. 33, no. 4, pp. 1015–1026, Apr. 2022.

[A24] N. Lindquist, P. Luszczek, and J. Dongarra,
“Accelerating restarted GMRES with mixed preci-
sion arithmetic,” IEEE Trans. Parallel Distrib. Syst.,
vol. 33, no. 4, pp. 1027–1037, Apr. 2022.

Sadaf R. Alam received the PhD degree in com-
puter science from the University of Edinburgh,
U.K., in 2004. She is currently a chief technology
officer (CTO) with the Swiss National Supercom-
puting Centre (CSCS) in Lugano, Switzerland.
Until March 2009, she was a computer scientist
with the Oak Ridge National Laboratory, USA.
In her role as the CTO, she ensures end-to-end
integrity of HPC systems and storage solutions
and leads strategic projects with the centre.
She has held different roles at CSCS, including

group lead of future systems, chief architect and head of operations.
She is a member of ACM, ACM-W, SIGHPC and Women in HPC.

ALAM ET AL.: IEEE SPECIAL ISSUE ON INNOVATIVE R&D TOWARD THE EXASCALE ERA 737



Lois Curfman McInnes (Member, IEEE)
received the PhD degree in applied mathematics
from the University of Virginia, in 1993. She is
currently a senior computational scientist with
the Mathematics and Computer Science Division
of Argonne National Laboratory. Her research
focuses on high-performance computational sci-
ence, with emphasis on scalable numerical
libraries and community collaboration toward
productive and sustainable software ecosys-
tems. She serves as deputy director of software

technology with the U.S. Department of Energy’s Exascale Computing
Project. She is a SIAM fellow and serves on SIAM Council. She won the
2015 SIAM/ACM Prize in Computational Science and Engineering and
a R&D 100 Award for PETSc in 2009 (with collaborators), and she
received the 2011 Ernest Orlando Lawrence Award for outstanding con-
tributions in R&D supporting the DOE. She is a member of ACM and
SIAM.

Kengo Nakajima (Member, IEEE) received the
BEng degree in aeronautics from the University
of Tokyo, in 1985, the MS degree in aerospace
engineering from the University of Texas at Aus-
tin, in 1993, and the PhD degree in engineering
mechanics from the University of Tokyo, in 2003.
He is currently a professor with the Supercom-
puting Research Division, Information Technol-
ogy Center, University of Tokyo. Prior to joining
the University of Tokyo in 2004, he spent 19
years in industry. He also has been a deputy

director of RIKEN R-CCS (Center for Computational Science) since
2018. His research interests include computational mechanics, compu-
tational fluid dynamics, numerical linear algebra, parallel iterative algo-
rithms, parallel preconditioning methods, multigrid methods, parallel
programming models, adaptive mesh refinement, and parallel
visualization.

" For more information on this or any other computing topic,
please visit our Digital Library at www.computer.org/csdl.

738 IEEE TRANSACTIONS ON PARALLEL AND DISTRIBUTED SYSTEMS, VOL. 33, NO. 4, APRIL 2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


