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1. INTRODUCTION 

 Since several years parallel systems are becoming 
available for more and more users, applications, and appli-
cation domains. This change is driven mainly by cluster 
systems build out of standard components. Due to the re-
lease of new dual- and multi-core processors for server, 
desktop, and laptop we nowadays can find parallel systems 
in any application area.  
 This trend states a big challenge for application devel-
opers: To benefit from parallel resources and thereby in-
crease performance all serial applications have to be paral-
lelized. This is true for server and desktop applications in 
equal measures. For desktop application very often thread 
level parallelism is used which is supported by compilers 
(OpenMP) and hardware (hyper-threading). 
 For cluster applications a different parallel paradigm is 
needed as a cluster consists of independent systems (often 
called nodes). Especially the memory of a cluster is distrib-
uted over the nodes and very often only accessible by the 
specific node. The connection between the nodes is very 
often realized by an Ethernet connection. But more and 
more high speed networks like Infiniband, Myrinet, Quad-
rics or similar solutions are used to enable higher through-
put and lower latency.  
 For technical applications on cluster systems with 
distributed memory very often the Message-Passing-Inter-
face1 (MPI) is used as the parallel programming model. 
MPI is a standard describing the programming interface to 
a communication library which realizes the explicit 
distribution of data over the parallel processes and the 
necessary communication between these processes. A MPI 

                                                 
1 

http://www.mpi-forum.org 

application is a collection of processes with function calls 
to send data to other processes and function calls to receive 
data from other processes. This is the main difference to 
the OpenMP/thread model which is based on transparent 
programming language extensions (pragmas). 
 Within the MPI model the application programmer has 
to take care of the data exchange and synchronization be-
tween different processes of the application by calling 
functions of the MPI library. Thus, to parallelize an appli-
cation with MPI the application itself has to be restruc-
tured. Most likely this will require more effort than a paral-
lelization with the thread model. But the additional effort 
will lead to a portable, parallel application because MPI is 
a common standard with implementations for nearly every 
platform. MPI parallelized applications feature high scal-
ability – adding new processes and processors will speed 
up the application accordingly. That’s why MPI is very 
often used for parallel applications on cluster systems. 
 Lots of technical applications use MPI as the parallel 
programming model. Among them are applications like 
Fluent, Star-CD, Pam-Crash, LS-Dyna, Eclipse, MSC.Marc, 
etc. Because the cluster market is growing and already 
reached 50% of the overall server market the need for effi-
cient and scalable parallel applications is growing too. 
More and more applications are made available for cluster 
systems. These trends are big challenges for the software 
developers and the developer tools. Lots of developers that 
don’t have years of experience with MPI need to be able to 
write efficiently parallelized applications. 
 With the Intel Cluster Toolkit2 in its upcoming version 
3.0 Intel is offering an integrated collection of development 

                                                 
2 http://www.intel.com/cd/software/products/asmo-
na/eng/cluster/clustertoolkit/index.htm 
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tools that simplifies the programming and optimization of 
MPI based parallel applications. Besides libraries for code 
generation it contains analysis tools for performance opti-
mization of parallel applications and systems. 
 

2.  MPI  LIBRARY 
 The main component of the Intel Cluster Toolkit is the 
Intel MPI Library in its upcoming version 3.0. The Intel 
MPI Library is an implementation of the MPI standard and 
includes the full MPI-1.2 functionality and main aspects of 
the MPI-2 standard like one-sided communication and 
parallel I/O. All common high speed networks are sup-
ported which enables users to use the same MPI library for 
different applications on different cluster systems and dif-
ferent high speed networks (see Fig. 1).  
 

 
 For the software vendor this concept offers a very simi-
lar advantage: the parallel application does not have to be 
validated and released for each high speed network sepa-
rately. Thus to support Infiniband, Myrinet, Gigabit Ethernet 
and other high speed networks the ISV (independent soft-
ware vendor) only has to validate and release one of these. 
The network is no longer a differentiating factor for the 
release. 
 When starting the application the user decides which 
network should be used. For example the command 
  mpiexec –n 2 –env I_MPI_DEVICE sock a.out 

starts the application with communication via TCP-IP on 
Ethernet. With 
  mpiexec –n 2 –env I_MPI_DEVICE rdma a.out 

the same application is launched on Infiniband. The same 
executable is used in both cases. Thereby the performance 
advantage of high speed networks is directly available to 
the user with the same executable. For the ISV this implies 
lower development and maintenance costs while the appli-
cation is supported on a wider variety of cluster systems. 
 Intel MPI Library uses different devices to support 
different networks. In the new version 3.0 all devices are 
integrated into one intelligent device that includes support 
for TCP/IP, shared memory communication and high speed 
networks via the DAPL interface. The DAPL interface 
provides the advantage that the Intel MPI Library will be 
decoupled from the underlying software stack. Thereby 
updates can be performed independently from the Intel 

MPI Library. Even new networks can be introduced with-
out changing the application or the Intel MPI Library. 
 Intel MPI Library also supports a hybrid approach for 
the communication. A user might use the shared memory 
communication on the node level and a high speed network 
between the nodes to get the best of both models. This 
becomes more important if the nodes are fat nodes with lots 
of processors like the nodes of the SGI Altix series. With 
Intel MPI Library the user does not need to rebuild the 
application or get a new version from the ISV because Intel 
MPI Library supports this hybrid mode inside the intelli-
gent devise. 
 

3.  MATHEMATICAL  LIBRARY 
 Another building block for generating high perform-
ance applications is the cluster edition of the Intel Math 
Kernel Library (MKL). This cluster edition includes all 
functionality of the sequential MKL Library like BLAS, 
LAPACK, sparse matrix solvers and FFTs. Additionally 
the cluster edition provides an implementation of SCALA-
PACK functions for distributed, parallel applications. 
Thereby the well-known superior performance of MKL is 
also available for cluster systems and MPI applications. 
 

4.  PERFORMANCE  ANALYSIS 
 While the MKL cluster edition is already optimized for 
the cluster platform this is not true for MPI applications per 
se. Performance optimizations of MPI applications can be a 
time consuming and difficult task without the right tool. At 
the same time MPI offers big potential for performance 
optimization of parallel applications because it is a power-
ful but complex parallel programming paradigm. 
 During the development process initially debuggers like 
Totalview3, DDT4 or IDB5 with special functionality for 
parallel applications will be used. These tools offer great 
help during the analysis of incorrect code. But once the 
application is running without errors that doesn’t mean the 
application scales well or is well optimized performance 
wise. 
 Here the Intel Trace Analyzer and Collector 7.06 sets in 
and enables a fundamental analysis of the parallel applica-
tion and its communication structure. Like the name is 
indicating the Intel Trace Analyzer and Collector consists 
of two separate components. The Intel Trace Collector is 
a library that has to be linked with the parallel application. 
If the so linked application is executed Intel Trace Collec-
tor will record all MPI events like MPI function calls and 
logs them together with a time stamp in the trace file. In a 
second step – the post-mortem analysis – this file is read by 
the Intel Trace Analyzer and can now graphical and nu-
merically analyzed by the developer. 

                                                 
3 http://www.etnus.com 
4 http://www.allinea.com 
5 http://cache-www.intel.com/cd/00/00/21/92/219299_intel_debugger.pdf 
6 http://www.intel.com/cd/software/products/asmo-
na/eng/cluster/tanalyzer/index.htm 

Fig. 1. Intel MPI Library 
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 Like all other tools out of the Intel Cluster Toolkit the 
Intel Trace Analyzer and Collector is available for Linux 
systems while the Intel Trace Analyzer can also be exe-
cuted on a Windows system. Thus the performance analy-
sis can even happen on the own Windows laptop. Win-
dows version of all other Intel Cluster Tools are in pre-
paration. 
 Intel Trace Analyzer offers a wealth of different meth-
ods to graphically analyze the collected data. The main 
instrument is the event timeline: For each process the event 
timeline shows in one row which function the process is 
executing at a certain time. Hereby the timeline distin-
guishes between MPI functions (red) and application time 
(blue), see Fig. 2. 
 The black lines indicate messages. It is easy to identify 
which process has send this message at which time and 
which process is receiving it at which time. Collective 
operations for global communication and synchronization 
are displayed as blue lines. 
 With the help of the event timeline the communication 
structure of the parallel application can be easily visualized 
and analyzed. In the example of Fig. 2 one can see a typical 
stair structure which shows a sequentialized region and 
indicates that the parallel resources are not very well used 
and the application is suffering a performance loss. This 
can also be detected by the long red bar in the function 

profile: the time spend in MPI functions exceeds the time 
consumed by the application itself. The displayed time 
interval can be adjusted by zooming or moving in the time 
axis. Intel Trace Analyzer offers lots of different ways to 
filter, group or select the displayed data. Thereby the de-
veloper is able to analyze even the smallest details of the 
parallel application and find performance bottlenecks. 
 Besides the event timeline and function profile like 
shown in Fig. 2 the Intel Trace Analyzer offers several 
other charts like the quantitative timeline and the qualita-
tive timeline.  
 The quantitative timeline (Fig. 3) displays for each 
function how many processes are executing this function at 
a certain time. This chart enables the programmer to visual-
ize the number of processes executing MPI function over 
time while the function profile shows the amount of time 
consumed over a time interval. So with the quantitative 
timeline the developer is able to detect local performance 
problems. 
 The qualitative timeline (Fig. 4) displays different at-
tributes for functions, messages or collective operations. 
For example the developer can analyze transfer rates for 
messages over time. By zooming an interesting interval can 
be chosen and displayed in any detail. With the context 
menu the developer can get specific information for each 
message. 

 

 

Fig. 2. Inter Trace Analyzer – Event Timeline 
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 The different timelines are complemented by several 
profiles which show statistical information or accumulated 
data over time. We already mentioned the function profile. 
Additionally the massage profile displays different attrib-
utes in matrix form for example the amount of data send 
between two processes. With the message profile the de-
veloper can easily detect irregularities and can analyze 
them in combination with the other charts. 
 Intel Trace Analyzer is not only displaying information 
about MPI communication. In case the application is in-
strumented with the API of Intel Trace Collector one can 
display the functional calls of and inside the parallel appli-
cation. Intel Trace Analyzer is showing which process is 
executing which function of the application at what time. 
The developer defines through the level of instrumentation 
the level of detail for the application data to be recorded in 
the trace file. On 32-bit and 64-bit Pentium and Xeon sys-
tems additional information can also be recorded by using 
the binary instrumentation of the executable. 

 The upcoming version 7.0 of the Intel Trace Analyzer 
and Collector will introduce some very interesting enhance-
ments for analysis of MPI applications. One of the main 
advantages is the new comparison chart which enables the 
developer to compare two trace files and zoom through the 
data in a synchronized way. Herewith the developer is able 
to see the impact of changes done to the communication 
structure and to do a before-after comparison. 
 The Intel Trace Collector 7.0 will also include the new 
Intel Message Checker functionality. The Intel Message 
Checker detects the most common MPI errors like possible 
deadlocks. Even if the application is running smoothly the 
MPI application might contain errors that only effect the 
execution or result for a specific workload. Intel MPI 
Checker improves code quality, stability, and correctness. 
 The Intel Cluster Toolkit includes also the Intel MPI 
Benchmarks as source code. This set of functions enables 
performance measurements of MPI implementations and 
cluster systems. 

 

Fig. 3. Intel Trace Analyzer – Quantitative Timeline 

 

 

Fig. 4. Intel Trace Analyzer – Qualitative Timeline 
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 5.  SUMMARY 
 With the upcoming version 3.0 of the Intel Cluster 
Toolkit Intel is offering a very valuable tool set for efficient 
developing, analyzing and optimizing MPI applications. 
The tool set contains libraries for code generation like the 
Intel MPI Library and the MKL Library Cluster Edition. To 

ensure an effective and scalable parallel application and to 
enable an easy development/optimization/maintenance phase 
tools like the Intel Trace Analyzer and Collector and the 
Intel MPI Benchmarks are included. The new Intel Mes-
sage Checker functionality will add correctness checking to 
enhance quality and reliability of MPI applications. 

 
 
  

 

ULLRICH BECKER-LEMGAU holds a diploma in mathematics from Justus-Liebig-University in Giessen and 
a doctoral degree in engineering from Technical University in Clausthal-Zellerfeld. He is active in the area of 
numerical simulation, technical computing and HPC since 16 years in various positions. Three years ago he 
joined the Software and Solutions Group at Intel as a Technical Marketing Engineer for Cluster Software. 
 

 
 
 

                                                 
 COMPUTATIONAL METHODS IN SCIENCE AND TECHNOLOGY  Special Issue 7-11, 2006 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




