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Foreword 

This book is the third of a running series of volumes dedicated to selected 
topics of information systems theory and application. The objective of the 
series is to provide a reference source for problem solvers in business, industry, 
government, and professional researchers and graduate students. 

The first volume, Handbook on Architectures of Information Systems, 
presents a balanced number of contributions from academia and practition
ers. The structure of the material follows a differentiation between modeling 
languages, tools and methodologies. The second volume, Handbook on Elec
tronic Commerce, examines electronic storefront, on-line business, consumer 
interface, business-to-business networking, digital payment, legal issues, in
formation product development and electronic business models. 

The present volume is a joint venture of an international board of editors, 
gathering prominent authors of academia and practice, who are well known 
specialists in the area of parallel and distributed processing. The intention 
of the Handbook is to provide practitioners, scientists and graduate students 
with a good overview of basic methods and paradigms, as well as important 
issues and trends across the broad spectrum of the above area. In particu
lar, the book covers fundamental topics such as efficient parallel algorithms, 
languages for parallel processing, parallel operating systems, architecture of 
parallel and distributed systems, management of resources in parallel sys
tems, tools for parallel computing, parallel database systems and multimedia 
object servers, and networking aspects of distributed and parallel comput
ing. Three chapters are dedicated to applications: parallel and distributed 
scientific computing, high-performance computing in molecular sciences, and 
multimedia applications for parallel and distributed systems. 

Summing up, the Handbook is indispensable for academics and profession
als who are interested in learning a leading expert's coherent and individual 
view of the topic. 

This volume was supported by Project CRIT-2 and KBN Grant No 
8TllF02516 Particular thanks are dedicated to Dr. Miiller from the Springer 
Verlag for his encouragement to prepare the volume. Special thanks are ad
dressed to Maciej Drozdowski for his excellent job in careful editing the 
manuscripts, Anna Blazewicz and Maciej Machowiak for proofreading and 
corrections, and to many others who helped to prepare the volume. 

J acek Blazewicz 
Klaus Ecker 
Brigitte Plateau 
Denis Trystram 



Table of Contents 

Foreword ..................................................... V 

I. Parallel and Distributed Computing: State-of-the-Art and 
Emerging Trends 
Brigitte Plateau and Denis Trystram . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1. Introduction................................................. 2 
2. The Benefits and Needs for Parallel High Performance Computing. 2 
3. Parallel and Distributed Systems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Programming Environment.. .. . . .. . . .. . . .. .... . . .. . . .. . ... . . . . 5 
5. Theoretical Foundations ................................... . . . 7 
6. Survey of the Volume. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

II. The Design of Efficient Parallel Algorithms 
Selim G. Akl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13 

1. Introduction................................................. 14 
2. Parallel Models and Algorithms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 
3. Sorting..................................................... 22 
4. Matrix Multiplication ........................................ 40 
5. Computing the Convex Hull. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 
6. Pointer-Based Data Structures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 59 
7. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65 
8. Bibliographical Remarks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 81 

III. Languages for Parallel Processing 
Ian Foster ................................................. 92 

1. Motivation for Parallel Languages. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 93 
2. New Programming Paradigms. . . .. . . .. . . .. . . .. . . . . . . .. . ... . . .. 96 
3. Language Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
4. Data-Parallel Languages ...................................... 120 
5. Library-based Approaches ..................................... 139 
6. Future Directions ............................................ 158 



VIII Table of Contents 

IV. Architecture of Parallel and Distributed Systems 
D. Litaize, A. Mzoughi, C. Rochange, and P. Sainrat ............ 166 

1. Introduction ................................................. 168 
2. Superscalar Processors ........................................ 169 
3. Uniprocessors vs. Multiprocessors .............................. 181 
4. Memory Consistency and Memory Coherency .................... 188 
5. Bus-Based Shared-Memory Multiprocessors ..................... 192 
6. Non Bus-Based Shared-Memory Multiprocessors ................. 200 
7. From Physically-Shared to Logically-Shared Address Space ........ 203 
8. Inputs/Outputs in Parallel and Distributed Systems .............. 206 
9. Conclusions ................................................. 221 

V. Parallel Operating Systems 
Joao Garcia, Paulo Ferreira, and Paulo Guedes ................. 228 

1. Introduction ................................................. 230 
2. Classification of Parallel Computer Systems ..................... 230 
3. Operating Systems for Symmetric Multiprocessors ............... 239 
4. Operating Systems for NORMA Environments ................... 250 
5. Scalable Shared Memory Systems .............................. 257 

VI. Management of Resources in Parallel Systems 
Jacek Blazewicz, Maciej Drozdowski, and Klaus Ecker .......... 263 

1. Introduction ................................................. 264 
2. Classical Approaches ......................................... 276 
3. Scheduling Multiprocessor Tasks ............................... 281 
4. Scheduling Uni-Processor Tasks with Communication Delays ...... 297 
5. Scheduling Divisible Tasks .................................... 317 

VII. Tools for Parallel Computing: A Performance 
Evaluation Perspective 
Allen D. Malony ........................................... 342 

1. Introduction ................................................. 343 
2. Motivation .................................................. 344 
3. Environment Design .......................................... 347 
4. Parallel Performance Paradigms ............................... 350 
5. Performance Observability .................................... 352 
6. Performance Diagnosis ........................................ 354 
7. Performance Perturbation ..................................... 357 
8. Summary ................................................... 362 



Table of Contents IX 

VIII. Parallel Database Systems and Multimedia Object 
Servers 
Leana Golubchik and Richard Ro Muntz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 364 

1. Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 365 

20 Parallel Database Systems 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 370 

30 Multimedia Object Servers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 381 

IX. Networking Aspects of Distributed and Parallel 
Computing 
Jarek Nabrzyski, Maciej Stroinski, and Jan W~glarz 0000000000000 410 

1. Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 411 

20 Computer Networks for Distributed Computing 0 00000000000000000 414 

30 Performance Evaluation of Network Interfaces 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 425 

40 Access to Networks with a Specific QoS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 432 

50 Networking APIs 00000000000000000000000000000000000000000000 445 

60 Future of the Networks for HPC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 461 

X. Parallel and Distributed Scientific Computing 
Ao Petitet, Ho Casanova, Jo Dongarra, Y. Robert and Ro Co Whaley 464 

10 Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 466 

20 Numerical Linear Algebra Libraries 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 469 

30 Automatic Generation of Tuned Numerical Kernels 0 00000000000000 480 

40 Network-enabled Solvers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 488 

50 Conclusions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 497 

XI. High-performance Computing in Molecular Sciences 
Wojciech Cencek, Jacek Komasa, and Jacek Rychlewski 00 0 0 0 0 0 0 0 0 505 

1. Foreword 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 506 

20 Introduction 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 507 

30 Computational Cost Analysis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 514 

40 Homogeneous Environment in Molecular Calculations 0 0 0 0 0 0 0 0 0 0 0 0 522 

50 Heterogeneous Environment in Molecular Calculations 0 0 0 0 0 0 0 0 0 0 0 0 530 

60 Conclusions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 548 

XII. Multimedia Applications for Parallel and Distributed 
Systems 
Giuseppe De Pietro 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 552 

1. What Is Multimedia? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 553 

20 Digital Audio and Video Compression Techniques 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 558 

30 Parallel and Distributed Systems for Multimedia 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 579 

40 Multimedia Applications 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 609 

50 Conclusions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 623 



X Table of Contents 

Index ......................................................... 626 
List of Contributors .......................................... 633 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




