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Abstract The 2009 CAV (Computer-Aided Verification) award was presented to seven in-
dividuals who made major advances in creating high-performance Boolean satisfiability
solvers. This annual award recognizes a specific fundamental contribution or series of out-
standing contributions to the CAV field.
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1 Introduction

The 2009 CAV (Computer-Aided Verification) award was presented on June 29, 2009 at the
215 annual CAV conference in Grenoble, France to seven individuals:

Conor F. Madigan, Kateeva, Inc.

Sharad Malik, Princeton University

Jodo P. Marques-Silva, University College Dublin, Ireland
Matthew W. Moskewicz, University of California, Berkeley
Karem A. Sakallah, University of Michigan
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J. Sifakis
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e-mail: Joseph.Sifakis@imag.fr
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Department of Computer Science, Rice University, Houston, TX 77005, USA
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— Lintao Zhang, Microsoft Research
— Ying Zhao, Wuxi Capital Group

They were recognized for having made major advances in creating high-performance
Boolean satisfiability solvers. The CAV award, given annually, recognizes a specific fun-
damental contribution or series of outstanding contributions to the CAV field. The award
includes a $10,000 prize and was presented with the citation: “For fundamental contribu-
tions to the development of high-performance Boolean satisfiability solvers.”

The CAV conference is the premier international event for reporting research on Com-
puter Aided Verification, a subdiscipline of Computer Science that is concerned with ensur-
ing that software and hardware systems operate correctly and reliably. The CAV award was
established in 2008 by the conference’s steering committee and was given this year for the
second time.

2 Boolean satisfiability

The seven recipients of this year’s award worked in two different teams, one at the Univer-
sity of Michigan and one at Princeton University, where they created powerful programs
for checking whether a propositional logic formula has a consistent solution. Their work
touched off a flurry of activity that continues to this day. Teams from around the world com-
pete to produce new satisfiability solvers, or “SAT solvers,” that can solve the most difficult
problems, and to find new ways to apply these solvers to a variety of practical problems.

SAT solvers can be applied to problems where many constraints are imposed, and a
solution is desired that satisfies all of them. For example, the rules for a 9 x 9 Sudoku
puzzle can be expressed as a number of constraints: that each square is assigned a number
between 1 and 9, that no row or column contain any repeated digits, that no 3 x 3 square
contain any repeated digits, and that some of the squares have predetermined values. These
rules can all be expressed as a collection of around 12,000 constraints, which can readily be
solved in around 0.01 seconds using a modern SAT solver [5].

In addition to solving puzzles, SAT solvers have had profound impact on the field of
computer-aided verification, which is dedicated to the creation of tools that allow hardware
and software designers to detect possible flaws in their systems and programs.

3 The GRASP program

Marques-Silva and Sakallah’s GRASP solver [3], developed at the University of Michigan,
started with a classic algorithm, devised by Davis, Putnam, Logemann, and Loveland (hence
known as “DPLL”) in the 1960s [1, 2]. DPLL applies backtracking search to enumerate dif-
ferent assignments to the variables of a formula until either a solution is found or the set of
possible solutions is exhausted. Sakallah and Marques-Silva modified the DPLL algorithm
to more effectively detect large classes of assignments that cannot possibly yield satisfying
solutions. In doing so, they shifted the core strategy of SAT solvers from one of searching
for a solution to one of pruning away the unsatisfying assignments. This change in strategy
was critical to the successful application of GRASP to verification problems, where for-
mulas typically have very few, if any, satisfying solutions (because such solutions signify
errors in the system being verified). They also changed the method of measuring SAT solver
performance away from solving randomly generated problems to one of solving benchmark
problems arising from real-world examples. This shift favors tuning SAT solvers to take
advantage of structures and characteristics found in actual systems.
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4 The Chaff program

The Chaff solver [4], developed by Moskewicz, Madigan, Zhao, Zhang, and Malik at
Princeton University, built upon the ideas of GRASP but also introduced a more careful,
engineering-based approach to solver design. They identified memory performance as a
critical bottleneck in DPLL SAT solvers and devised clever data structures to reduce the
portions of a formula that must be rechecked as the effects of the variable assignments are
propagated. Chaff was able to handle SAT problems of far greater size than anyone had
imagined possible.

5 Impact of their work

GRASP and Chaff touched off what is often referred to as the “SAT Revolution,” involving
both a continued evolution of more powerful SAT solvers and the use of SAT solvers as the
core “engine” in a number of applications. SAT solvers have followed a trend reminiscent
of the Moore’s Law trend for semiconductor technology, improving in both capacity and
speed at an exponential rate. The most successful solvers are still based on DPLL, with both
algorithmic and engineering enhancements inspired by GRASP and Chaff. In the area of
verification, SAT solvers have enabled the verification of large-scale hardware and software
systems via different forms of model checking, where the possible ways a system could hit
an error condition are encoded as an SAT formula, and the checker either finds such a case
or shows that these errors cannot occur.

Many research projects and many industrial verification tools have been devised with
SAT solvers at their core. The impact of GRASP and Chaff on the CAV community has
indeed been profound, and for this reason the 2009 CAV Award recognizes the contributions
of these individuals to our field.

References

Davis M, Putnam H (1960) A computing procedure for quantification theory. J ACM 7(3):201-215
. Davis M, Logemann G, Loveland D (1962) A machine program for theorem-proving. Commun ACM
5(7):394-397

3. Marques-Silva JP, Sakallah KA (1996) GRASP—A new search algorithm for satisfiability. In: 1996 inter-
national conference on computer-aided design, pp 220-227

4. Moskewicz M, Madigan C, Zhao Y, Zhang L, Malik S (2001) Chaff: Engineering an efficient SAT solver.
In: 38th design automation conference

5. Weber T (2005) A SAT-based Sudoku solver. In: Sutcliffe G, Voronkov A (eds) International conference

on logic for programming, artificial intelligence, and reasoning, pp 11-15

N —

@ Springer



	2009 CAV award announcement
	Abstract
	Introduction
	Boolean satisfiability
	The GRASP program
	The Chaff program
	Impact of their work
	References



<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


