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Abstract

The 2010 study of the Shannon entropy of order nine Sudoku and Latin
square matrices by Newton and DeSalvo [Proc. Roy. Soc. A 2010] is ex-
tended to natural magic and Latin squares up to order nine. We demonstrate
that decimal and integer measures of the Singular Value sets, here named
SV clans, are a powerful way of comparing different integer squares.

Several complete sets of magic and Latin squares are included, including
the order eight Franklin subset which is of direct relevance to magic square
line patterns on chess boards. While early examples suggested that lower
rank specimens had lower entropy, sufficient data is presented to show that
some full rank cases with low entropy possess a set of singular values sepa-
rating into a dominant group with the remainder much weaker. An effective
rank measure helps understand these issues.

We also introduce a new measure for integer squares based on the sum
of the fourth powers of the singular values which appears to give a useful
method of indexing both Latin and magic squares. This can be used to
begin cataloging a ”library” of magical squares.

Based on a video presentation in celebration of George Styan’s 75th at

LINSTAT2012 and IWMS-21 on 19 July, 2012 at Be֒dlewo, Poland.
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[49] W.A. Sammons, Magic squares and groups, IMA Bulletin 27 (August) (1991),
161–172.

http://dx.doi.org/10.1007/s00026-005-0261-7
http://dx.doi.org/10.1090/S0002-9904-1909-01866-X
http://dx.doi.org/10.1098/rspa.1986.0096


Signatura of magic and Latin squares 125

[50] D.G. Schindel, M. Rempel and P.D. Loly, Enumerating the bent diagonal squares of

Dr Benjamin Franklin FRS, Proceedings of the Royal Society A: Physical, Mathe-
matical and Engineering 462 (2006), 2271–2279. The electronic supplementary ma-
terial of the 4320 set is available at: rspa.royalsocietypublishing.org/content/suppl/
2009/02/11/462.2072.2271.DC1/rspa20061684supp2.txt

[51] J. Sesiano, Les Carrés Magiques dans les Pays Islamic, Presses Poltechniques et
Universitaires Romandes, 2004.

[52] R. Schroeppel, The order 5 magic squares, Written by Michael Beeler with assistance
from Schroeppel – see M. Gardner’s 1976 column on Mathematical Games, Scientific
American 234 (1971), 118–123.

[53] N.J.A. Sloane, The On-Line Encyclopedia of Integer Sequences, 2012. http://www.
research.att.com/∼njas/sequences/

[54] G.P.H. Styan, An illustrated introduction to Cäıssan squares: the magic of chess,
Acta et Commentationes Universitatis Tartuensis de Mathematica 16 (2012), 97–
143. Online at www.math.ut.ee/acta/

[55] M. Suzuki, Archived web pages about magic squares, especially a database and algo-
rithms: http://mathforum.org/te/exchange/hosted/suzuki/MagicSquare.html and
mathforum.org/te/exchange/hosted/suzuki/MagicSquare.wasan.html

[56] F.J. Swetz, Legacy of the Luoshu – The 4000 Year Search for the Meaning of the
Magic Square of Order Three (Chicago, Open Court, 2002).

[57] G.G. Szpiro, A Mathematical Medley: Fifty Easy Pieces on Mathematics, AMS,
2010. See chapters 30 and 31.

[58] A.C. Thompson, Odd magic powers, Am. Math. Monthly 101 (1994), 339–342.
doi:10.2307/2975626

[59] D. Trenkler and G. Trenkler, Magic Squares, Melancholy and The Moore-Penrose
Inverse, IMAGE 27, October 2001, 3–10.

[60] W.H. Thompson, On magic squares, The Quarterly Journal of Pure and Applied
Mathematics X (1869), 186–202 [XI, 57, 123, 213]

[61] W. Trump, Notes on Magic Squares and Cubes, 2003. http://www.trump.de/
magic-squares/ and Estimate of the number of magic squares of order 6, http:
//www.trump.de/magic-squares/normal-6/index.html

[62] E.W. Weisstein, Latin Square, From MathWorld – A Wolfram Web Resource.
http://mathworld.wolfram.com/LatinSquare.html

1. Electronic files

1. shannonData.txt: Matrix elements for squares cited in tables, where not easily
found in a reference.
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