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Abstract

E. Nemeth ” coined the term “self-orthogonal Latin square” to denote a Latin square
orthogonal to its transpose. Kichul Kim and V. K. Prasanna Kumar ? coined the term
“doubly self-orthogonal Latin square” to denote a Latin square orthogonal to its transpose
and to its antitranspose; by making to note that a doubly self-orthogonal Latin square is
also a diagonal Latin square. In ¥ was proposed the term “quadruply self-orthogonal Latin
square” to denote a Latin square orthogonal to its transpose, to its antitranspose, to its
rotation around the axis “x”" and to its rotation around the axis “y”, by making to note that
the pandiagonal Latin squares of order n = 6k + 1 they are quadruply self-orthogonal Latin
squares. In this paper two examples of “sextuply self-orthogonal Latin squares” of order
nine are shown.-

Quadruply Self-Orthogonal Latin Square

A Latin square is quadruply self-orthogonal if it is orthogonal to its transpose, to its

", n

antitranspose, to its rotation around the axis "x" and to its rotation around the axis "y".

An example of order five:

albjc|d|e ajc|e | b|d aa|bcjcedbled
cld|e|alb __ bldja|c|e chlddlealac|be
elalblc|d /‘ clelbld|a ec|ae bb|cd|da
bic|dle|la dia|c|e|b bd|ca|dclealab
diela b|c e b(da|c deleblad|balcc
LS, transpose LS|
alb|lc|d|le cla|d b|le ac|balcddblee
cldjelalb _ ble|lcla|ld chldelec|aabd
aelalb|c|d “\. ald bl|le|c ealad|bb|ce|do
blc|dle|a elcla|d|b be|cc|daled|ab
dielalb|c dlblelc|la dd|eblaebc|jca
LS, antitranspose LS,
alb|lc|d|le dlielalb|lc adbe|calkdblec
c|ld|lelalb hlo|ldle|a ch|dcledlae/ba
elalblc|d i elalblc|d ealaa|bblcocidd
hlc|d|le|a c|ld|lela|b bojcd|de|ealal
dielalb|c alblec|d|le daleblacbd|ce
LS; x rotation LS;
alb|lc|d|le e|d{c|b|la aebdcodblea
c|ld|lelal|b blaleld o ch|daleelad|bo
alalblc|d 3 dic bla|e ad|ac|bbicalde
hlc|d|le|a ale(d|c|b balcelddec|alk
djelalb|c ¢clblale|d doleblaabe|cd
LS, y rotation LS,
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Pandiagonal Squares of Order Three

In ¥, the nine pandiagonal squares of order three were presented as follows:

78 9 56 4 312
123 8 97 6 45
4 56 231 97 8

6 45 123 8 97
97 8 4 56 231
312 789 5614

231 97 8 4 56
56 4 312 789
8 97 6 45 123

In his website ¥, Harvey Heinz wrote on this presentation: “The 3 x 3 squares are the nine
ways these numbers may be arranged in an array with all diagonals summing to 15.
However, most of the rows and columns do not, so the squares are not magic. The nine
arrays are arranged to form an order-9 simple magic square. The center number of each
3 x 3 array form one order-3 simple magic square !

Diagonal Latin Square

A Latin square is diagonal if no symbol appears more than once in each one of both main
diagonals. The above array is a diagonal Latin square:

78 9|56 4|3 12
12389 T7(6 405
4 5623 1|97 8
6 4512 3897
9 7 84 56231
31 2|78 9564
23197 8456
56 4312|7889
B 9 7/6 4 511 23
A

According to the definition of Kichul Kim and Prasanna Kumar, A it is a perfect Latin
square because no symbol appears more than once in any main subsquare; and:

7t is sextuply self-orthogonal

Sextuply Self-Orthogonal Latin Square

A Latin square is “sextuply self-orthogonal” if it is orthogonal to its transpose, to its
antitranspose, to its rotation around the axis "x”, to the transpose of its rotation around the

“_ .

axis “x”, to its rotation around the axis "y"” and to the transpose of its rotation around the

“_

axis “p”.

Magic Squares

In this paper, the sextuple orthogonality of A is shown by means of the six magic squares
with the consecutive numbers of 0 to 80 by using the Eulerian formula and B =A(, j , k-1):

6 78453201 603582147 60 63 75 41 53 29 19 4 16
012786534 714360258 7 10 22 66 78 54 47 32 44
345120867 825471036 35 38 50 13 25 1 72 57 69
534012786 471036825 49 34 37 0 12 24 71 74 59
9(8 6 7345120 + (582147603 =|776265 28 40 52 15 18 3
201678453 360258714 21 6 9 56 68 80 43 46 31
120867345 258714360 11 23 8 79 55 67 30 42 45
453201678 036825471 36 48 33 26 2 14 58 70 73
786534012 147603582 64 76 61 51 27 39 5 17 20
B B' magic square 1
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Appendix

5 8 2|3 6 0

(0 3 6|1 4 Tl2 5 8

2 5 810 3 6|1 4 7
1 4 7{2 5 8|0 3 6

36 0]4 7T 1;5 8 2
5 8 213 6 0Dj4 T 1

1

T

6 0 3{7 1 4|8 2 5

8 2 5}6 0 37T 1 4

7T 1 4|8 2 56 0 3

E =



Kichul Kim and Prasanna Kumar defined the Latin square E as doubly self-orthogonal and
perfect, but they didn't identify the sextuple orthogonality of such a square.-.

Orthogonal Latin Squares of Choi Seok-Jeong

Recently in ® a magic square of order nine constructed by using an orthogonal pair of Latin
squares at least 67 years earlier than Leonard Euler by Choi Seok-Jeong (1646-1715) was
presented:
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516342879978 243615 J7T4R27|708162(1324 5
435261 |798897 | 1,62534 303846637179 | 61422
624153987789 351426 472839|806172]23 4 15
273918 546645819372 1627 8403132647556
192837 465564738291 91725(334149(576573
381729654456 1927,18.3 26 T18|[5031 421745566
8496751213312 576948 7T7859(1021 2435435
7685941132231 |49586,7 G06RTEH| 31119364452
957486 321,123 | 684759 77586920 112533445

(Y34

Observe that each Latin square of the orthogonal pair is the rotation around the axis “y” of
the other one.-
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