
Background of the Author 
  
The author, Eric Holcomb, has an MS degree in aerospace engineering, and worked as an 
engineer for The Boeing Company for nearly 20 years. Eric now pursues his own business 
activities, enjoys playing chess, and serves as business manager for Northwest Chess magazine. 
 
So How Many Chess Board Positions Are There? 
By Eric Holcomb 
Bend, Oregon 
 
Perhaps some of you may recall hearing or reading at one time or another that there are about 
1040 board positions and 10120 move sequences in the game of chess, where for example 1040 is 
the number “1” followed by 40 zeroes – a very large number indeed! (10120 is very much larger 
still – greater than the number of atoms in the known universe!) 
 
In game theory, the complexity of a board game is often expressed in terms of the “state space 
complexity” (number of legal board positions reachable from the initial position), and the “game-
tree size” (number of move sequences). Chess is indeed a very complex game, although not the 
most complex. Among major board games, that distinction belongs to the Japanese game of Go 
played on the traditional 19x19 board. (See the Wikipedia article on “Game Complexity.”) 
 
In this, the first of two articles, the author will discuss the number of chess board positions, and 
various estimates of this quantity. In a second article, the author will report on a remarkable 
coincidence involving one estimate of the number of chess board positions, and also discuss the 
number of chess move sequences. 
 
Although it’s been known for many years that the number of possible chess board positions is at 
least 1040, an exact calculation of the number of legal positions is impossible in practice because 
of complications like pawn structure and both kings in check. The best that can be done is to 
calculate “upper bounds” based on various assumptions (for example, neglecting pawn structure, 
checks, pawn promotions to new pieces, etc.) The resulting estimates can vary widely depending 
on the assumptions! 
 
The theory of combinatorial statistics underlies all of the calculations. For example, start with an 
empty board with 48 squares accessible to pawns, and place four identical white pawns on the 
board. The number of distinct arrangements (statistical combinations, not chess combinations!) is 
48 x 47 x 46 x 45 / (1 x 2 x 3 x 4) = 194,580. Continuing with four black pawns gives 44 x 43 x 
42 x 41 / (1 x 2 x 3 x 4) = 135,751 combinations for each white pawn arrangement, for a total 
(actually a product) of 194,580 x 135,751 = 26,414,429,580. The possibilities are already in the 
billions! 
 
Statisticians would normally write the numbers given above in “factorial” notation, for example 
48! /  (44! x 4!) = 194,580, where 48! (48 factorial) is the product of all positive integers from 1 
to 48, etc. The factor of 4! in the denominator arises because all white pawns (or all black pawns) 
are assumed to be identical and interchangeable. (Never mind that one of them came from a 
different chess set; that doesn’t count!) 



 
In 1950, computer chess pioneer Claude Shannon (1916-2001) used this statistical theory to 
calculate the number of chess board positions with all 32 chessmen on the board, without regard 
to the rules of chess. (In other words, the chessmen may be placed on any squares, as long as 
each man occupies a different square.) The resulting number is written as 64! / 32!(8!)2(2!)6, 
which has a numerical value of 4.635 x 1042, or 9.270 x 1042 (almost 1043) if the result is doubled 
because chess positions are considered distinct depending on whose turn it is to move. 
 
The actual number of chessmen on the board will be less than 32 once one or more captures have 
taken place. There is no single formula to handle this complexity in the calculation of board 
positions. Instead a computer program with “nested” loops is required to sum up all the 
possibilities. Won’t this program take an impossibly long time to run? No. – The computer is not 
looping on the actual board positions, but rather on how many of each piece type are on the 
board, possibly with some extra work to account for light and dark squared bishops, pawn 
promotion, or other considerations. For each loop, the statistical formula is applied and the 
results summed. 
 
The author developed a Visual Basic for Excel program (macro) that executes 10,497,600 such 
loops in a few seconds on a modern PC. The author’s assumptions were as follows: 
 

(1) All pieces (except kings) may be either on or off the board. 
(2) Pawns may be placed anywhere on the 2nd thru 7th ranks without regard to the moves 

(e.g., captures) that would be required to get them there. 
(3) Bishops must remain on their original (light or dark) color squares. 
(4) Obtaining new pieces (e.g., more than one queen) by pawn promotion is not allowed. 

Chess legend Philidor approved of this rule!! 
(5) Positions are counted without regard to one or both kings in check, including checking 

each other. 
(6) Each position counts twice due to whose turn it is to move (again, without regard to 

checks). 
(7) Loss of the ability to castle or capture “en passant” is not considered. 

  
In statistical theory, the same answer should result no matter what order the pieces are placed on 
the board, but it makes sense to place the pawns first, then the bishops, because these pieces 
require extra bookkeeping. (Pawns are restricted to 48 squares, and bishops require accounting 
separately for light and dark squares. Once the bishops are placed, no further accounting of light 
and dark squares is necessary for the other pieces.) Readers with programming experience may 
be able to understand how the author’s macro performs the required calculations. An Excel file 
with the macro will be available on the Northwest Chess website, nwchess.com, when this article 
is published in the magazine. 
 
The answer is approximately 4.1529 x 1040 board positions. 14 decimal places are calculated in 
Excel, but some will be meaningless due to round-off errors. With commercially available 
mathematics software that performs unlimited precision arithmetic, it should be possible to 
calculate all 41 digits of the answer exactly! (Please let the author know if you try it.) 
 



Of the 4.1529 x 1040 calculated board positions, 1.1057 x 1040, or about one-quarter, involve all 
32 chessmen on the board. This is over 800 times smaller than Shannon’s estimate, in part 
because of the restriction on bishops, but mostly because pawns cannot be on the 1st or 8th ranks. 
(Think about it or try it – place 16 pawns on the board at random, and less than 1% of the time 
will any two ranks (or files) specified in advance be completely empty of pawns.) 
 
It’s true that the vast majority of these board positions are simply impossible in a real game 
played from the standard initial position, or even a “Chess 960” position. For example, of the 
1.1057 x 1040 positions that involve all 32 men on the board, the author estimates that only 1 in 
10 million (about 1033 positions) have “no capture” pawn structures with one black and one white 
pawn on each file. (For each file, there are only 15 possible arrangements of the white and black 
pawn before any captures have taken place. For all 8 files, that gives (15)8 = 2.563 x 109 
arrangements of the pawns.) But this limitation can be removed by playing the original version 
of “bughouse” chess where captured chessmen can be put back almost anywhere on the board. 
(Not that crazy two-board version of “bughouse” chess that kids play today!) 
 
Many more chess board positions are possible by allowing promotion to multiple queens or other 
pieces. The Wikipedia article on the “Shannon number” (10120 move sequences) quotes recent 
(1994) estimates by Victor Allis in a Ph.D. thesis of 5×1052 for an “upper bound” on the number 
of chess positions, and about 1050 for the “true number” of legal positions. Wow! That’s a lot 
more than the 1040 or so positions without pawn promotion! 
 
To check this out, the author modified his Excel macro to include pawn promotions to other 
pieces, while removing the restriction on bishops. The results, summarized in the table below, 
are quite interesting. (Note the use of the “E” notation for powers of 10 commonly used in 
computer input/output.) 
 
Est. Assumptions # Loops # Board Positions 

1 Pawns on 2nd to 7th ranks, bishops on original color 
squares, no pawn promotion to new pieces; 2 to 32 men; 
positions count twice due to turn to move. 

10,497,600 4.1529E+40 

2 Same as #1 above except bishops unrestricted. There are 
far fewer loops because it is no longer necessary to keep 
track of light and dark squares. 

236,196 1.4445E+41 

3 Shannon estimate (for comparison); all 32 chessmen on 
board; no pawn promotion; no other restrictions. 

n/a 9.2695E+42 

4 Same as #2 above except pawn promotion to one (and 
only one) of the following piece types allowed: rooks, 
knights, bishops. 

1,285,956 5.3227E+44 

5 Same as #2 above except pawn promotion to queens 
allowed. 

2,125,764 4.6250E+45 

6 Same as #2 above except pawn promotion to all four 
piece types allowed. 

75,585,636 4.7875E+49 

7 Same as #6 above except pawns may be placed on any 
rank, even 1st or 8th ranks without promotion. 

75,585,636 1.8983E+50 

 
The author’s highest estimate of 1.8983 x 1050 positions (just under 1050 without the double 
counting) is consistent with the Allis estimate of 1050 positions, but not having read Allis’ Ph.D. 
thesis, the author is not certain how Allis derived his “upper bound” of 5×1052, which seems 



unrealistically high. One thing, however, is clear: the vast majority of the “state space” of about 
1050 chess board positions could only arise in practice through the cooperation of both players to 
bring about an absurd series of pawn promotions, resulting in lots of extra pieces on the board! 
Furthermore, the captures required to “clear the way” for pawn promotion would severely limit 
the number of possible positions. For example, of the 4.7875 x 1049 positions in line #6 above, 
75% require that all of the original 32 chessmen (or their promoted equivalents) still be on the 
chessboard. However, as noted earlier, there are only about 1033 possible positions in a standard 
game of chess before any captures have taken place. Requiring that at least four black pawns 
must be captured to “clear the way” for all eight white pawns to promote reduces the number of 
possible board positions to about 1045. (The flexibility of the author’s computer program makes 
it relatively easy to do those kinds of calculations.) 
 
This is still a long way from answering the question of how many chess board positions can arise 
from a legal sequence of moves from the starting position. The author’s guess is that it’s closer to 
1045 than 1050, but the question is certainly worthy of further study. For players not satisfied with 
this immense level of complexity, there are always chess variants that increase the size of the 
“state space,” for example two-board bughouse, Capablanca chess, and Seirawan chess! 
 
What about that remarkable coincidence mentioned? It involves the number 4.1529 x 1040 as 
discussed above. The coincidence does not involve the much larger number of atoms in the 
universe, but it does involve something similar of physical significance here on Earth. The author 
will award a prize of a one-year WCF or OCF membership to the first person who correctly 
identifies the coincidence before the author’s next article is published. (See the inside front cover 
of the magazine for contact information.) 



<<
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (North America General Purpose Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <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


