
General Overview: General Overview:  
The program CRACK is a computer algebra package written in REDUCE for the solution of over-determined systems of algebraic, ordinary or partial differential equations 
with at most polynomial non-linearity.  It is available as part of version 3.8 of the REDUCE system and the latest development version can be downloaded from  
http://lie.math.brocku.ca/crack/. 
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Detailed Interface with Detailed Interface with   
Visualization AidsVisualization Aids  

For inspecting large systems, this interface includes 
• for each equation its properties, history and investigations that 

have already been done with the equation 
• a count of the total number of appearances of each unknown ► 
• the occurrence of all derivatives of selected functions in any 

equation 
• a statistical overview of the system  
• the determination of not under-determined subsystems 
• a listing of all sub– and sub-sub.. cases investigated so far, with 

their assumptions, number of solutions and number of steps ► 
• graphical displays of size-related measures of the computation 

done so far  
• a matrix display of occurrences of unknown constants and 

functions in all equations► 

Interactive Interactive   
SessionSession  

Trading Speed for Safety/Memory Trading Speed for Safety/Memory   

To avoid expression swell, CRACK allows the option to 
interactively or automatically perform 
• Length-reducing versus general Gröbner basis steps  
• Substitutions only in shorter equations (i.e. in a sub-system) 

versus substitutions in the complete system   
• Growth bounded substitutions versus general substitutions  
• Case-splittings (induced by factorizations, substitutions with 

potentially vanishing coefficients or ad hoc case distinctions) 
instead of Gröbner basis steps  

• Length reduction steps, aiming at a more sparse system, which 
cost extra time but have many benefits (allowing shorter 
substitutions, overdetermined sub-systems,..) 

Safety Enhancing MeasuresSafety Enhancing Measures  

CRACK’s safety enhancing measures include 
• The ability to backup and re-load the whole session 
• The automatic storing of the complete keyboard input during a 

session with the opportunity to feed this stored input into a new 
session  

• The possibility to impose time restrictions of notoriously slow 
sub-steps, like factorizations and sometimes the computation 
and reduction of S-polynomials in Gröbner basis computations 

• A method to interrupt an ongoing automatic computation and 
change it to interactive mode 

Algorithmic ExtensionsAlgorithmic Extensions  

CRACK’s algorithmic extensions include 
• the ability to collect and apply syzygies which result as a by-

product in the process of computing a differential Gröbner basis 
to integrate linear PDEs 

• the treatment of inequalities: their usage, active collection  
and derivation, and their constant update in an ongoing 
reduction process based on newly  derived equations  

• the capability added by Winfried Neun (ZIB Berlin) to  
run in a truly parallel mode on a beowulf cluster, recently also 
ported to 64 bit AMD processors 

• post-computation procedures, especially the possibility  
to merge solutions of parametric linear algebraic systems and to 
automate the production of web- pages for solutions that are 
found 

• the ability to separate expressions with respect to independent  
variables which occur polynomially but with variable 
exponents, leading to automatically  investigated case 

Total number of occurrences of all unknowns in all  
equations: 
(116 . a22) (110 . a33) (86 . a11) (86 . a23) (81 . a13)  
(76 . r460) (69 . r495) (67 . b12) (62 . r457) (22 . r487)  
(11 . r452) (4 . r434) 
 
Total number of equations in which unknowns occur: 
(31 . a33) (29 . a22) (27 . r495) (26 . a11) (24 . b12)  
(24 . a13) (23 . a23) (23 . r460) (17 . r457) (14 . r487)  

Start : 243 steps 
1       0=r448 : 25 steps 
11      0=r460 : 37 steps 
111     0=r452 : 2 steps 
1111    0=r453 : 6 steps 
11111   0=r494 : 2 steps 
111111  0=r434, 0 soln : 2 steps 
111112  0=a13, 1 soln : 3 steps 
11112   0=a13 : 7 steps 
111121  0=a23, 1 soln : 2 steps 
111122  0=a11, 1 soln : 3 steps 
11113   0=a23, 1 soln : 6 steps 
11114   0=a22 - 3*a33, 1 soln : 5 steps 
1112    0=a11 - a22 : 5 steps 
11121   0=a13 : 3 steps 
111211  0=a23, 1 soln : 2 steps 
111212  0=a33, 1 soln : 3 steps 
11122   0=a23, 1 soln : 6 steps 
11123   0=a33, 1 soln : 7 steps 
112     0=a13, 1 soln : 4 steps 
12      0=a23 : 31 steps 
121     0=a11 - a22, 1 soln : 3 steps 
122     0=r452 : 6 steps 
1221    0=a33 : 3 steps 
12211   0=a11, 0 soln : 2 steps. 
12212   0=a11*a22 + b12**2*kap, 1 soln : 1 step 
1222    0=a11 - 2*a33, 1 soln : 2 steps 
1223    0=a11**2 + b12**2*kap, 0 soln : 2 steps 
1224    0=4*a11*a33 - 4*a33**2 + b12**2*kap, 1 soln : 2 steps 
2       0=a23, 1 soln 

Horizontally: function names 
(each vertical)  
Vertically: equation indices  
 rrrrrrrrrrrrrrrraaaaab 
 4444444444444444131221 
 1396581835586519133322 
 1494371812490705  
 4     9       4  
106        +           +  
144          +        +  
96          +          +  
29          +         +  
93             +      +  
78             +       +  
4                +     +  
2                 +   +  
1                 +    +  
146          +     +    +  
67                + +   +  
25                ++    +  
5                 +++  
23            ++     ++  
38      ss      +   +   +  
98         s s    + +   +  
31          ss    + +   +  
24         +++     +   +  
104             ++ ++  +  
87      +      s +  ++  +  
99       +    s  +  + + +  
61                +++  ++  
77               s++   ++  
54  +++       + +  ++++  
105     +    +  +  + ++++  
63       + +    +  + ++++  
32               s+ +  ++  
46        s    +   ++  ++  
158  +++      + +   ++++  
28        +    + + + ++++  
48        +    +  +++++++  
49     s +     ++   +++++  
42         ++     +++  ++  
111   s    ++   + + +++++  
119        +      +++  ++  
65       +     +   ++  ++  
69        +    ++  + + ++  
108            + ++ +++++  
141       +     ++ + ++++  
85   s  +      ++  ++++ +  
88    ++       ++   +++++  
60    +       ++  + +++++  
82             +  +++++++  
76    +        +  +++++++  
40           + + + ++++++  
73  +     +    +   +++ ++  
129   +    ss ++   ++++++  
7   + +         +  ++++++  
100           +++ +++++++  
151    +  +    +   ++ +++  
68  ++ +     ++++  ++++++ 

The plot to the right shows which 
unknowns (top row) occur in which 
equation (left column) ►  
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reduction process based on newly  derived equations  

• the capability added by Winfried Neun (ZIB Berlin) to  
run in a truly parallel mode on a beowulf cluster, recently also 
ported to 64 bit AMD processors 

• post-computation procedures, especially the possibility  
to merge solutions of parametric linear algebraic systems and to 
automate the production of web- pages for solutions that are 
found 

• the ability to separate expressions with respect to independent  
variables which occur polynomially but with variable 
exponents, leading to automatically  investigated case 

Total number of occurrences of all unknowns in all  
equations: 
(116 . a22) (110 . a33) (86 . a11) (86 . a23) (81 . a13)  
(76 . r460) (69 . r495) (67 . b12) (62 . r457) (22 . r487)  
(11 . r452) (4 . r434) 
 
Total number of equations in which unknowns occur: 
(31 . a33) (29 . a22) (27 . r495) (26 . a11) (24 . b12)  
(24 . a13) (23 . a23) (23 . r460) (17 . r457) (14 . r487)  

Start : 243 steps 
1       0=r448 : 25 steps 
11      0=r460 : 37 steps 
111     0=r452 : 2 steps 
1111    0=r453 : 6 steps 
11111   0=r494 : 2 steps 
111111  0=r434, 0 soln : 2 steps 
111112  0=a13, 1 soln : 3 steps 
11112   0=a13 : 7 steps 
111121  0=a23, 1 soln : 2 steps 
111122  0=a11, 1 soln : 3 steps 
11113   0=a23, 1 soln : 6 steps 
11114   0=a22 - 3*a33, 1 soln : 5 steps 
1112    0=a11 - a22 : 5 steps 
11121   0=a13 : 3 steps 
111211  0=a23, 1 soln : 2 steps 
111212  0=a33, 1 soln : 3 steps 
11122   0=a23, 1 soln : 6 steps 
11123   0=a33, 1 soln : 7 steps 
112     0=a13, 1 soln : 4 steps 
12      0=a23 : 31 steps 
121     0=a11 - a22, 1 soln : 3 steps 
122     0=r452 : 6 steps 
1221    0=a33 : 3 steps 
12211   0=a11, 0 soln : 2 steps. 
12212   0=a11*a22 + b12**2*kap, 1 soln : 1 step 
1222    0=a11 - 2*a33, 1 soln : 2 steps 
1223    0=a11**2 + b12**2*kap, 0 soln : 2 steps 
1224    0=4*a11*a33 - 4*a33**2 + b12**2*kap, 1 soln : 2 steps 
2       0=a23, 1 soln 

Horizontally: function names 
(each vertical)  
Vertically: equation indices  
 rrrrrrrrrrrrrrrraaaaab 
 4444444444444444131221 
 1396581835586519133322 
 1494371812490705  
 4     9       4  
106        +           +  
144          +        +  
96          +          +  
29          +         +  
93             +      +  
78             +       +  
4                +     +  
2                 +   +  
1                 +    +  
146          +     +    +  
67                + +   +  
25                ++    +  
5                 +++  
23            ++     ++  
38      ss      +   +   +  
98         s s    + +   +  
31          ss    + +   +  
24         +++     +   +  
104             ++ ++  +  
87      +      s +  ++  +  
99       +    s  +  + + +  
61                +++  ++  
77               s++   ++  
54  +++       + +  ++++  
105     +    +  +  + ++++  
63       + +    +  + ++++  
32               s+ +  ++  
46        s    +   ++  ++  
158  +++      + +   ++++  
28        +    + + + ++++  
48        +    +  +++++++  
49     s +     ++   +++++  
42         ++     +++  ++  
111   s    ++   + + +++++  
119        +      +++  ++  
65       +     +   ++  ++  
69        +    ++  + + ++  
108            + ++ +++++  
141       +     ++ + ++++  
85   s  +      ++  ++++ +  
88    ++       ++   +++++  
60    +       ++  + +++++  
82             +  +++++++  
76    +        +  +++++++  
40           + + + ++++++  
73  +     +    +   +++ ++  
129   +    ss ++   ++++++  
7   + +         +  ++++++  
100           +++ +++++++  
151    +  +    +   ++ +++  
68  ++ +     ++++  ++++++ 

The plot to the right shows which 
unknowns (top row) occur in which 
equation (left column) ►  

Designed by Lauren Kowtecky 



<<
  /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


