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Abstract: The SGI® Message Passing Toolkit (MPT) software has implemented algorithms that provide extremely high-performance message
passing on SGI Altix® systems based on the SGI NUMAIlink™ interconnect technology. Using Linux® OS infrastructure and SGI XPMEM
cross-host memory-mapping software, SGI MPI delivers extremely high MPI performance on shared-memory single host/SMP Altix systems
as well as multihost superclusters. This paper outlines the Altix hardware features, OS features, and library software algorithms that have been
developed to provide the low-latency and high-bandwidth capabilities. We present high-performance features like direct copy send/receive,
collectives, and the ultralow-latency SHMEM™ data transfer library. We include MPI benchmark results, including an MPI ping pong latency

that ranges from 1.2 to 2.3 microseconds on a 512-CPU Alltix system with 1.5 GHz Intel® Itanium® 2 Processors.
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1. INTRODUCTION

SGI ccNUMA (known as SGI NUMA) servers, includ-
ing SGI Origin® 3000 and SGI Altix 3000 systems, provide
many programming options for writing extremely scalable
parallel programs. The large number of CPUs per host
provide an opportunity for highly scalable programs to use
SMP-like memory-sharing approaches such as OpenMP,
System V shared-memory segments, and memory-mapped
files. However, the majority of scalable user applications in
existence are written using the MPI parallel programming
model, and it is important for a vendor to provide an MPI
environment that delivers on the scalability opportunities
offered by the low latency, high bandwidth, and fast syn-
chronization available on such shared-memory systems.
The MPI programming model also allows these fast com-
munication services to be available whether the system is
a single large host or a supercluster of hosts connected with
the NUMAlink interconnect network.

SGI systems based on the NUMAlink interconnect
network have a unique capacity for ultralow-latency im-
plementations of librarybased send/receive or put/get
communication methods. Because the memory on all hosts
in a system connected using the NUMALIlink interconnect
can be directly accessed, simple approaches that utilize
load/store and atomic memory operations (AMOs) may be
used to implement ultra-low-latency communication across
the entire system. The advantages of this load/store/AMO-
based implementation are magnified for simpler communi-

cation approaches, such as put/get in the MPI-2 [1] and
SHMEM [2-4] specifications. In put/get communication,
the library call overhead is very minimal; therefore, the low
communication latency made possible by the hardware
maps very closely to the observed latency of the end user.

In this paper, we present the implementation of fast
MPI send/receive and put/get and SHMEM put/get for Altix
systems. We show an approach for capitalizing on the advan-
tages of SGI NUMA systems for implementation of library-
based message passing on large collections of Linux hosts
connected in the same NUMALlink interconnect network. We
show that an ultrafast MPI implementation can bring the ad-
vantages of systems based on the NUMALlink interconnect to
portable, highly parallel MPI user applications.

2. ALTIX SYSTEM SOFTWARE OVERVIEW

User programs and libraries on an SGI Altix 3000 sys-
tem have direct access to permitted memory across the
whole system. As we will see, this feature allows the MPI
implementation much freedom for implementation of an
efficient message send algorithm. The system is adminis-
tered as a supercluster of a number of Linux hosts. All
hosts in the supercluster are individual partitions within
a larger NUMAlink interconnect domain. The Linux soft-
ware distribution installed on Altix systems is augmented
by SGI software that provides memory sharing within and
across hosts (XPMEM [5]), optimized libraries, and other
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features. The software layers related to memory access on
the NUMALlink interconnect are shown in Fig. 1.

libmpi libsma
for MPI | for SHMEM
libxpmem

Fig. 1. Software/Hardware Stack for NUMALlink Interconnect

The XPMEM kernel module provides kernel call-outs
in the key areas of memory allocation, deallocation, and
first-touch. These capabilities support the user libraries as
they attach (map) memory from throughout the system into
each MPI process virtual address space. SGI MPI programs
attach all memory in the static and common blocks seg-
ments, the stack segments, and the heap segments of an
MPI process into the virtual address space of every other
MPI process in the job. This allows free access to MPI
queues and data structures, as well as user data areas
passed as send and receive buffers or targeted by put or get
operations.

3. MESSAGE PASSING SOFTWARE OVERVIEW

The MPT product contains at its core an efficient mes-
sage queuing algorithm, which is described in section 4.
The MPI message queue and algorithms for high band-
width provide fast communication for MPI send/receive
operations and collective communication functions defined
by MPI-1. These are the most crucial functions for existing
portable MPI applications, which have predominantly
adopted the use of MPI-1 communication and, to a lesser
extent, MPI-2 and SHMEM functions to implement the
needed communication in parallel programs. The ultralow
latency provided by MPT results in measurable scalability
improvements in MPI applications like the CFD applica-
tion FLUENT" [6].

In addition to providing high performance MPI, the
MPT package includes functions that extend MPI and pro-
vide convenient user access to the global shared-memory
capabilities of the system. These capabilities include the
SHMEM message passing API and global pointer inter-
faces including shmem_ptr() and MPI_SGI_globalptr() [7].
These global shared-memory extensions may be used as the

primary communication method in a parallel application.
Alternatively, they may be used to augment MPI in por-
tions of the application that need extremely low communi-
cation latency or as an enabler of advanced dynamic paral-
lel load-balancing algorithms that can enable an MPI pro-
gram to scale to larger numbers of processors.

4. THE MPI SEND/RECEIVE ALGORITHM

The data structures involved in an MPI send/receive
operation are as follows. Every MPI process has its own
outgoing buffer pool and incoming message header queue.
The buffer pool stores copies of the payload for buffered
sends. The message header queue is a circular queue of
entries 128 bytes in size, which is the cache-line size. Mes-
sage header queue entries hold information about the MPI
messages — type, size, tag, and pointers to the buffered
data. Using shared-memory programming techniques, mes-
sage headers are efficiently enqueued into the message
header queue during the processing of an MPI message
send operation. The buffered payload data is pulled into the
user receive buffer by the MPI message receive operation.

There are two variations of the above algorithm that are
worthy of note. The first is for short messages less than or
equal to 64 bytes in length. Short message payloads are
placed in the message header instead of the outgoing mes-
sage buffer pool. The second variation, termed direct copy
data transfer, is an optimized way to transfer large mes-
sages. The receiving process copies the message payload
directly from the user’s send buffer, thereby obviating the
need to buffer the message in the message buffer pool. The
direct copy data transfer method is chosen automatically by
the MPI library for messages larger than a user-tunable
threshold when processing MPI_Isend, MPI_Sendrecv, and
most MPI collective communication functions.

An important aspect of the buffer pool scheme is that
all of memory is accessible for push or pull operations.
Hence, a single buffer pool can hold all outgoing messages
from a process, and all remote processes can pull the data
out to deliver the message. This permits linear scaling of
the buffer pool space needed as the number of MPI proc-
esses increases, and the buffer pool space is not at all de-
pendent on the number of processes per Linux host. Simi-
larly, the generalized push capability enables the use of
a single message header queue per process where all send-
ers deposit incoming message headers.

5. THE MPI SEND/RECEIVE ALGORITHM
ON MULTI-CACHE COHERENCY DOMAIN
SYSTEMS

The memory controller ASIC developed by SGI and
deployed in Altix systems is known as SHUB. The SHUB
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extends ccNUMA capabilities to 512 CPUs. SGI plans to
scale ccNUMA features and performance to larger systems
in future generations of the SHUB ASIC, but in the current
generation the message passing libraries accommodate the
transition from hardware-managed cache coherency to soft-
ware-managed cache coherency in global memory accesses.
For MPI jobs larger than 512 CPUs or those that span multiple
512-CPU cache coherency domains, the message passing
library software must assist the hardware in maintaining cache
coherency. In MPI jobs that span multiple cache coherency

Point-to-Point Latency (8 byte msg) on a 512 CPU 1.

domains, the MPI-1 send/receive and collective communica-
tion functions are supported, but the MPI-2 and SHMEM
put/get operations are not currently supported.

6. POINT-TO-POINT COMMUNICATION
PERFORMANCE

Figure 2 shows the latency measured for MPI send/-
receive, MPI get, SHMEM get, and shared-memory refer-
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ences. The send/receive measurements are half the time to
do 8 byte ping pong message exchanges. The get and
shared-memory measurements are for remote cache-miss
memory references. The best latency is seen at the point
where the sender and receiver are on the same memory
node. In this case, bus snooping turns the cache lines
around very rapidly. For off-node cases, the latency is
incrementally higher when the number of network hops and
the length of NUMALlink cables increase.

The MPI and SHMEM get latency line has a similar
contour as the MPI send/receive latency line, but two sig-
nificant effects can be seen. First of all, the latency for a get
operation is about 1.3 microseconds less than the MPI
send/receive latency. This is the result of lower library
overhead associated with implementing the semantics of a
get operation compared with the semantics of MPI
send/receive. A second effect is that the latency increments
for a get operation are even lower than that for send/receive
as distance and router hop counts increase. This is because
a get operation needs to send fewer hardware protocol-
level messages between the source and destination than for
a send/receive data transfer.

Figure 3 shows the point-to-point peak bandwidth
achieved for 100 MB messages. The SGI message passing
libraries include an optimized bulk data copy function,
_fastbcopy(), which maximizes data transfer bandwidth for
block copies when the source buffer is not in cache. The
message passing libraries use this function to transfer data
inside the MPI recv, MPI get, and SHMEM get functions.
Peak bandwidth measurements for large message transfers
are equal for all the measured data transfer methods across
the entire ccNUMA domain.

7. CONCLUSIONS

The SGI Altix 3000 system provides global access to
memory distributed across multiple hosts and multiple
memory nodes within hosts. This system’s hardware archi-
tecture offers memory sharing capabilities that permits fast
communication and synchronization for parallel program-
ming. For systems up to 512 processors, the cache-coherent
memory and system software layers make the access to
shareable memory easy and enable implementation of
highly scalable MPI communication schemes, as well as
a number of extensions like SHMEM programming and the
use of global pointers. The implementation of MPT mes-
sage passing and other communication features is scalable
and fast from the perspectives of latency, point-to-point
bandwidth, and synchronization.

References

[1]  http://www.mpi-forum.org/docs/docs.html

[2] intro_shmem man page at http://docs.sgi.com

[3] http://www.shmem.org

[4] R. Barriuso and A. Knies, SHMEM User’s Guide for For-
tran, Cray Research Inc. (June 1994)

[5] Michael Woodacre, Derek Robb, Dean Roe and Karl Feind,
The SGI Altix 3000 Global Shared-Memory Architecture,
http://www.sgi.com/pdfs/3474.pdf

[6] Exploiting the Scalability and Power of FLUENT: The SGI
Message Passing Toolkit on the SGI Altix High-Perfor-
mance Computing Platform powered by the Intel Itanium 2
Processor; Whitepaper by Intel, Fluent, and SGI; http://
www.sgi.com/pdfs/3807.pdf

[7] shmem ptr() and MPI SGI_globalptr() man pages at http://
docs.sgi.com

This documentation, in electronic format, comprises software developed at private expense; if acquired under an agreement with the USA government
or any contractor thereto, it is acquired as “commercial computer software” subject to the provisions of its applicable license terms and conditions,
as specified in (a) 48 CFR 12.212 of the FAR,; or, if acquired for Department of Defense units, (b) 48 CFR 227-7202 of the DoD FAR Supplement;
or sections succeeding thereto. Contractor/manufacturer is SILICON GRAPHICS, INC., 1200Amphitheatre Parkway, Mountain View, CA 94043-1351.

Silicon Graphics, SGI, IRIX, and the SGI logo are registered trademarks of Silicon Graphics, Inc., in the United States and/or other countries
worldwide, used with the permission of Silicon Graphics. All other trademarks and copyrights are owned by their respective owners.

COMPUTATIONAL METHODS IN SCIENCE AND TECHNOLOGY Special Issue 2006, 67-70




<<
  /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


