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Abstract. Constraints have become a central feature of advanced
simulation-based verification. Effective debugging of constraints is an
ongoing challenge. In this paper we present GenDebugger - an innova-
tive GUI-based tool for debugging constraints. GenDebugger shows how
a set of constraints is solved in a step by step flow, allowing the user
to easily pick out steps that are key to the buggy behavior. It is unique
in that it is designed for dealing with various types of constraint-related
problems, not only constraint-conflicts or performance issues. GenDe-
bugger utilizes principles from the explanation-based debug paradigm
[1], in that it displays information justifying each step of the solution. A
unique contribution is that it enables the user to easily combine separate
explanations of individual steps into a comprehensive full explanation
of the constraint-solver’s behavior. GenDebugger was lately released for
full production, after an extensive process of evaluation with early ac-
cess users. Our own experience and our users feedback indicate that
GenDebugger provides highly valuable help in resolving problems found
in constraints.
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1 Introduction

Constrained Random generation of stimuli is a technique widely used in advanced
simulation-based verification. To verify a Device Under Test (DUT) test scenar-
ios are generated randomly but nevertheless must comply with constraints set
by the verification engineer. This technique is supported by various verification-
oriented languages such as e and System Verilog. Coding errors in constraints
are revealed in several forms, such as unexpected values assigned to variables,
unexpected distribution of values across a set of simulations, or failure to find a
solution due to conflicting constraints. Bad runtime and memory consumption
of constraint solving activity is also a common problem.

Debugging of constraints poses a considerable challenge (see [3], for example)
because constraints reflect complex relationships between variables, and might
depend on complicated conditions. What is more, regular debugging tools such
as source-line debuggers, with which most software engineers are familiar, are
ill-suited for debugging constraints. The reason is that source-line debuggers are
normally sequential, showing and controlling the line-by-line imperative flow of
user code. Constraints, in contrast, are declarative entities, analyzed and solved
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by a constraint solver built within the verification software. Because of this
the processes governing constraint-solving are not visible to the user and this
renders basic concepts of the common debugger paradigm, such as breakpoints
and single-stepping, useless.

One approach to constraint debugging is to remove or add constraints until
the generated stimuli is satisfactory. This is not necessarily a viable solution,
given that it doesn’t explain the problem with the original, preferred set of
constraints. A second approach is to have the solver print the constraints directly
involved in a constraint conflict, but this isn’t appropriate for other types of
problems. Even for constraint conflicts, it provides very limited help when a
complex set of constraints is involved. The human mind can only deal with a
limited amount of information at once. Another common debugging method is
to trace the constraint solver’s activity [2] to a file or the screen, but again -
the multitude of static information a user must deal with makes this a very
limited solution. A relatively new and promising direction is explanation-based
debugging, where a debugger displays information justifying decisions of the
constraint solver [I].

2 GenDebugger - Explanation-Based Debugging

In this paper we describe GenDebugger, the generation debugger of IntelliGen,
the new generation engine of the testbench automation tool Specman. GenDe-
bugger depicts the constraint-solving process as a sequence of steps, each reduc-
ing the domain of one or more variables, until each variable has a single value
that complies with the constraints. Several types of steps are shown, including
domain reductions based on constraints, value assignments, backtracking, input
sampling, and more.

GenDebugger shows each step in a detailed, interactive view. The variables
and constraints involved in the step are displayed, so that it can be clearly
seen which variables were reduced and which constraints were involved. Because
solving steps typically reduce the domains of variables, the post-step domains are
displayed together with the pre-step domains, so that the nature of the change
in a variable’s domain is evident.

GenDebugger is interactive in that any variable or constraint can be selected
and queried. A dedicated panel shows various pieces of information such as the
type, path, or source of a selected variable, or the source and declaring class of
a selected constraint. A specially important piece of information for a variable
is its list of steps (see section [Z.2)).

2.1 GenDebugger and Explanations

GenDebugger explains solving-steps. That is, it displays information justifying
the step, usually a subset of constraints and the domains of related variables.
For example, a reduction of the domains of the unsigned integers x and y to
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Fig. 1. Explaining a Reduction

[1..9] and [0..8] respectively, is justified by the constraints z< 10 and y<a. After
assigning 5 to y, a later step further reducing z's domain to [6..9] is explained
by the constraint y<x together with the value assigned to y.

Naturally, a solving step is easier to explain when it involves only a few bits
of information. Because of this, when showing a solution to a large set of con-
straints, GenDebugger breaks the solution into several smaller steps, each much
more explainable than the entire process as a whole. See figure [Il to see how
GenDebugger explains a single reduction.

2.2 Full Explanations

It is common that some of the elements of a step’s explanation are themselves
solving steps, performed earlier in the solving process. For example, a reduction
on z to [0..4], explained by the constraint z<z-1 coupled with 2’s domain: [6..9],
raises the question: why was the domain of z [6..9] in the first place? The expla-
nation is not complete without understanding the earlier reduction on z setting
it’s domain to [6..9].

GenDebugger is designed to enable the user to easily get a full explanation for
a step. It does this by providing easy access to other, potentially relevant, steps.
When any variable involved in the current step is selected, all steps affecting this
variable are listed (see figure 2)). A simple double-click displays the explanation
for this second step. In this way the user combines explanations of several related
steps into a full and comprehensive explanation. To continue our example, when
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viewing the reduction on z, selecting z lists all steps performed on z, including the
reduction to [6..9]. Double-clicking on this earlier reduction, causes GenDebugger
to display its explanation. The combination of these two explanations together
form the full explanation for the reduction of z to [0..4].
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Fig. 2. All Steps on Variable a

3 Debugging Various Constraint-Related Problems

3.1 Understanding a Constraint Conflict

A constraint conflict is depicted by GenDebugger as a failed attempt to reduce
variable domains due to contradicting constraints. When faced with a constraint
conflict, the user sets a breakpoint telling GenDebugger to open when the conflict
occurs (e.g., break on gen error). Then, when opened, GenDebugger automat-
ically displays the failing step’s explanation. The explanation can be explored
further to form a full explanation, as described above in

3.2 Understanding Value Assignments

Sometimes a variable is assigned a value that seems to the user unreasonable. In
this case the user can set a second type of breakpoint telling GenDebugger to
open when this variable’s value is generated (e.g. break on gen field packet.data).
It then opens to show how the variable is generated. Selecting the assignment-
step from the list of steps on the variable, the user gets the required explanation.
This can be continued to other, related steps until a full explanation of the
unexpected assignment is formed.

Another way to have GenDebugger display the assignment to a variable, after
it occurred, is via a simple command (e.g. show gen z). If information on the
generation of the variable is accessible at that time, GenDebugger opens and
automatically displays the explanation for the assignment.
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3.3 Understanding Distribution

Distribution issues arise when, across many tests, the entire range of values
generated for a variable, or the probability of certain values, is unexpected.
To debug this type of issue, the user can utilize the methods described in the
previous section The user explores what determined the value assigned to
the variable in a specific test. This exploration should reveal the constraints
blocking, or restricting the probability of, some values from being assigned.

3.4 Understanding Performance

When the system seems stuck on a constraint-solving process, the user can break
the test and open GenDebugger. GenDebugger opens on the solving step cur-
rently performed by the solver, and the user can also easily see all the steps
preceding it. This is likely to reveal what is requiring so much solving activity,
and why.

A common reason for performance issues is numerous backtracking. When this
occurs, GenDebugger shows many backtrack steps in its list of solving steps. The
explanation of a backtrack step is a bit different. It is made of the entire sequence
of steps that were cancelled by the backtrack, and that terminated in a failure.
GenDebugger shows the cancelled track of steps, allowing the user to understand
why it ended at a dead end.

4 GenDebugger Experience

GenDebugger is the culmination of more than 10 years of experience in de-
bugging constraint-solving issues. It was designed based on user feedback, with
various types of verification needs. GenDebugger was lately released for full
production after an extensive process of evaluation and validation with early
access customers. The overall reaction to GenDebugger is no less than enthu-
siastic. According to our users, there is no comparison between GenDebugger
and the earlier constraint-debugging solutions. We feel this is a promising av-
enue for significantly reducing the effort of creating constraint-based verification
environments.

References

1. Ghoniem, M., Jussien, N., Fekete, J.D.: VISEXP: Visualizing Constraint Solver Dy-
namics Using Explanations. In: Seventeenth International Florida Artificial Intelli-
gence Research Society Conference, FLAIRS 2004, Miami Beach, FL. AAAI press,
Menlo Park (May 2004)

2. Meier, M.: Debugging Constraint Programs. In: Saraswat, V., Hentenryck, P.V.
(eds.) Principles and Practice of Constraint Programming. LNCS, vol. 976, pp.
204-221. MIT, Cambridge (1995)

3. Simonis, H., Aggoun, A.: Search-Tree Visualisation. In: Deransart, P., Hermenegildo,
M.V., Maluszynski, J. (eds.) DiSCiP1 1999. LNCS, vol. 1870, pp. 191-208. Springer,
Heidelberg (2000)



	An Explanation-Based Constraint Debugger
	Introduction
	GenDebugger - Explanation-Based Debugging
	GenDebugger and Explanations
	Full Explanations

	Debugging Various Constraint-Related Problems
	Understanding a Constraint Conflict
	Understanding Value Assignments
	Understanding Distribution
	Understanding Performance

	GenDebugger Experience
	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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




