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Because clock frequency has hardly advanced in recent years, major chip manufacturers are shifting 
their focus from improving the speed of individual processors to increasing parallel-processing 
capabilities. Multicore technology refers to a processor with more than one engine, allowing for greater 
efficiency because the processor workload is essentially shared. With multicore and multiprocessing 
architectures becoming common, it’s imperative to devise effective software tools for managing the 
difficulty of concurrent programming. 

At the same time, applications must be designed to exploit parallelism and avoid the perils of 
sequential execution. To utilize the architecture’s capabilities, it’s critical to allow many operations to 
make progress concurrently and to complete without interference. 

Multiword synchronization 

A good example of the challenge in obtaining high throughput is multiword synchronization operations, 
such as k-compare-and-swap (kCAS). Such operations allow reading the contents of several memory 
locations, comparing them with specified values, and if they all match, updating the locations—all in 
one atomic operation. Multiword synchronization facilitates the design and implementation of 
concurrent data structures, making this process more effective and easier than when using only 
single-word synchronization. 

In reality, however, today’s multicore and multiprocessing architectures support in hardware only 
single-word synchronization operations such as CAS (compare-and-swap) or LL/SC (load-link, store-
conditional), or at best, DCAS (double compare-and-swap). So, much research has focused on 
providing kCAS in software. In typical kCAS implementations, an operation tries to lock all the words it 
needs, one by one. If another operation already holds the lock on a word, the operation waits for the 
lock to be released, often while helping the conflicting operation make progress. If a third operation 
then holds a lock needed by the conflicting operation, the operation helps it as well. 

Clearly, when several kCAS operations need to simultaneously access the same words, an inherent 
“hot spot” is created and operations must be delayed. A worse situation happens in these typical kCAS 
implementations when an operation’s progress is also hindered because of operations that don’t 
contend for the same memory words. The recursive helping in these schemes causes chains of 
operations, where each operation is waiting for the next operation in the chain. In these scenarios, an 
operation is delayed a number of steps proportional to the chain’s total length, causing a lot of work to 
be invested while only a few operations complete. 

Better throughput through shorter conflict chains 

Understanding these notions is easier if we break the data into disjoint items—for example, elements 
of a linked list—and use a conflict graph to visualize the relations among operations that overlap in 
time. In this graph, nodes correspond to data items, and edges connect data items if they’re accessed 
by the same operation. So, two simultaneous operations that contend for the same data item have 
adjacent edges. Many synchronization algorithms guarantee that operations delay each other if and 
only if a path exists between them in the conflict graph. That is, operations proceed in parallel if they 
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access disjoint parts of the data structure. This property, called disjoint access parallel, essentially lets 
operations help or delay each other only if a path exists between them. The definition is in fact more 
specific; each operation may take a number of steps proportional to the total number of operations in 
its connected component. 

One way to bound the lengths of delay chains and improve the concurrency of multiword 
synchronization is to restrict these paths’ lengths. However, even when operations randomly choose 
the words they access, these paths’ lengths depend on the total number of operations, and paths of 
significant length might be created in the conflict graph (as shown by Phuong Hoai Ha and his 
colleagues).1 This means that the connected components have a nonconstant diameter, implying that 
“distant” operations can delay an operation. 

The adverse effect of waiting and delay chains can be mitigated, greatly improving the concurrency, if 
operations are delayed only because of operations that are at a constant distance from them. This 
means that operations accessing distant data don’t interfere, even if they’re connected (but at a 
nonconstant distance). So, the algorithm’s throughput is localized in components of constant 
diameter, which are effectively isolated from operations at a larger distance. 

Measuring concurrency 

You can use various measures to evaluate how much concurrency an algorithm provides. For 
algorithms that might block when an operation fails, Manhoi Choy and Ambuj Singh suggested 
evaluating the failure locality—namely, to what distance (in the conflict graph) an operation’s failure 
can prohibit other operations from completing.2 When the algorithm is nonblocking, you can measure 
its locality by the diameter in which it’s guaranteed that some operation completes, provided that 
operations in this diameter take enough steps. Yehuda Afek and his colleagues suggested two 
quantitative measures that bound the distance among operations that influence each other’s step 
complexity or access the same (low-level) memory word.3 

Despite the importance of improving throughput by increasing concurrency, few algorithms have 
provable (and good) locality properties. Eyal Dagan and I showed how to simulate DCAS in software 
from CAS, with O(log*n)-locality properties.4 Building on this algorithm, Afek and his colleagues 
presented a wait-free kCAS algorithm, for a fixed k, with O(k + log*n)-locality properties.3 Recently, 
Eshcar Hillel and I implemented a doubly linked list, which allows concurrent insertions and deletions 
as long as they’re at least three operations apart (including at the ends).5 

This area offers many opportunities for interesting research. Besides further development of specific 
concurrent data structures and applications with good locality properties, three other fundamental 
challenges exist. The first is to understand the problem: how delay chains are created and how they 
affect concurrency and locality. The second is to develop an accompanying theory by devising 
appropriate measures and finding algorithmic ideas, perhaps even proving some lower bounds. Last, 
but certainly not least, it’s imperative to estimate these measures’ and algorithms’ practical relevance. 

References 

1. P.H. Ha et al., “Efficient Multi-word Locking Using Randomization,” Proc. 24th Ann. ACM Symp. 
Principles of Distributed Computing (PODC 05), ACM Press, 2006, pp. 249–257.  

2. M. Choy and A.K. Singh, “Efficient Fault-Tolerant Algorithms for Distributed Resource 
Allocation,” ACM Trans. Programming Languages and Systems, vol. 17, no. 3, 1995, pp. 535–
559.  

3. Y. Afek et al., “Disentangling Multi-object Operations,” Proc. 16th Ann. ACM Symp. Principles 
of Distributed Computing (PODC 97), ACM Press, 1997, pp. 111–120.  

4. H. Attiya and E. Dagan, “Improved Implementations of Binary Universal Operations,” J. ACM, 
vol. 48, no. 5, 2001, pp. 1013–1037.  

5. H. Attiya and E. Hillel, “Built-In Coloring for Highly-Concurrent Doubly-Linked Lists,” Proc. 20th 
Int’l Symp. Distributed Computing (DISC 06), LNCS 4167, Springer, 2006, pp. 31–45.  

IEEE Distributed Systems Online (vol. 8, no. 9), art. no. 0709-mds2007090003 2 



 

Hagit Attiya is a professor in the Technion’s Department of Computer Science. Contact 
her at (mailto:hagit@cs.technion.ac.il). 

 

 

Related Links 

• DS Online's Parallel Processing Community 
• "Reactive Multi-Word Synchronization for Multiprocessors," Proc. 12th Int'l Conf. Parallel 

Architectures & Compilation Techniques (http://doi.ieeecomputersociety.org/ 
10.1109/PACT.2003.1238014) 

• "Efficient Wait-Free Implementation of Multiword LL/SC Variables," Proc. 25th IEEE Int'l Conf. 
Distributed Computing Systems (http://doi.ieeecomputersociety.org/10.1109/ICDCS.2005.29) 

• "High Performance Computing in the Multi-core Area," Proc. 6th Int'l Symp. Parallel & 
Distributed Computing (http://doi.ieeecomputersociety.org/10.1109/ISPDC.2007.28) 

 
Cite this article:  
Hagit Attiya, "Concurrency and the Principle of Data Locality," IEEE Distributed Systems Online, vol. 8, 
no. 9, 2007, art. no. 0709-o9003. 

 

IEEE Distributed Systems Online (vol. 8, no. 9), art. no. 0709-mds2007090003 3 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    72.00000
    72.00000
    72.00000
    72.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


