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1.0 Purpose

This document outlines recommendations to be made to the software architecture of a software 
product running on I/O processors (IOPs) using Intel XScale® microarchitecture.1 The objective of 
the recommendations is to optimize the overall system performance by making enhancements to 
the software architecture used with external storage products.

2.0 Related Documents

• Data Access Performance Optimization on the Intel® 80321 I/O Processor White Paper
(http://developer.intel.com/design/iio/papers/273872.htm)

3.0 Background

As a result of the increased usage of Linux* on IOPs using Intel XScale® microarchitecture, Intel 
has identified several recommendations to the software architecture that can be made to improve 
the overall system performance. Intel has seen that the more of these recommendations that are 
implemented, the better the system-level performance.

4.0 Kernel Mode to User Space Transitions

Linux operates with a separate user and kernel space. Each time data is passed between user and 
kernel space a data copy occurs. These data copies cause a performance hit each time they occur. 
To minimize this impact, Intel has identified and developed specialized copy routines that utilize 
the DMA engine. This information can be found in the Intel XScale® microarchitecture IOP Linux 
patches located at sourceforge.net/projects/xscaleiop/.

The DMA engine is utilized for data copies of 4 K blocks and above (this value can be adjusted 
based on the customer applications). Intel has found that 4 K block threshold for a generic Linux 
kernel to be optimal. Additionally, Intel recommends minimizing the number of user-to-kernel and 
kernel-to-user transitions. The most optimal mode of operation is to operate exclusively out of the 
Kernel space. There is potential for up to three times the improvement in performance, operating 
exclusively out of Kernel space. Using compile time wrappers to substitute user and kernel calls 
enables the code to be moved easily between user and kernel space, thereby allowing easy debug in 
user space and along with high performance in kernel space.

5.0 Context Switching

Linux also utilizes multiple working processes. Each time that the schedule chooses a new process, 
a context switch is generated. Each context switch causes the data cache to be flushed and the 
instruction cache to be invalidated. The higher the frequency of context switches, the more of an 
impact there is on system performance. Intel strongly recommends minimizing the number of 
active working processes to reduce the number context switches.

1. ARM* architecture compliant.

http://developer.intel.com/design/iio/papers/273872.htm
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6.0 Optimization Level

The latest compiler Intel is recommending is the GNU gcc version 3.4.2. Make sure that the -O2 
optimization flag is specified. Sometimes moving to an -O3 optimization flag can further increase 
performance, but not in all cases.

7.0 Code Bloat

By performing a thorough code analysis, it is possible to identify opportunities to reduce the 
amount of code that exists in some routines (code bloat). One way to do this is to conditionally 
compile out unnecessary code such as debug code or sanity checking code and inefficient loops. 
The improvements made by this process result in better performance and greater robustness of the 
code.

8.0 Instruction Cache Usage

Through a careful analysis of the critical performance path, areas of coalescing can be identified. 
The objective is to have each section of code process as much information / commands as it 
possibly can before passing the data onto the next code module. This results in a more efficient use 
of the Instruction Cache, by allowing more work to be done by the code that is located in the 
Instruction Cache. The trade-off is the added latency for some data blocks, but the improved 
throughput reduces the average overall latency for all blocks. Classically this is one of the reasons 
why major blocks are constructed in separate threads.

9.0 Additional Suggestions

The reference Whitepaper Data Access Performance Optimization on the Intel® 80321 I/O 
Processor White Paper contains additional lower level recommendations, along with some code 
examples.


	Optimized Linux Code for Intel XScale® Microarchitecture
	1.0 Purpose
	2.0 Related Documents
	3.0 Background
	4.0 Kernel Mode to User Space Transitions
	5.0 Context Switching
	6.0 Optimization Level
	7.0 Code Bloat
	8.0 Instruction Cache Usage
	9.0 Additional Suggestions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


