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ABSTRACT

A latin square of order n is an n× n array with entries from a set of numbers arranged in such a way
that each number occurs exactly once in each row and exactly once in each column. Two latin squares
of the same order are orthogonal latin square if the two latin squares are superimposed, then the n2

cells contain each pair consisting of a number from the first square and a number from the second.
In Europe, Orthogonal Latin squares are the mathematical concepts attributed to Euler. However,
an Euler square of order nine was already in existence prior to Euler in Korea. It appeared in the
monograph Koo-Soo-Ryak written by Choi Seok-Jeong(1646–1715). He construct a magic square by
using two orthogonal latin squares for the first time in the world. In this posterr, we explain Choi’s
orthogonal latin squares and the history of the Orthogonal Latin squares.

1 Definition of magic square.

A magic square of order n is an arrangement of n2 numbers, usually distinct integers in a square such
that the n numbers in all rows, all columns, and both diagonals sum to the same.

2 History of magic square.

Chinese literature dating from as early as 650 BC tells the legend of Lo Shu or “scroll of the river Lo”.
In ancient China there was a huge flood. The great king Yu (禹) tried to channel the water out to sea
where then emerged from the water a turtle with a curious figure/pattern on its shell; circular dots
of numbers which were arranged in a three by three grid pattern such that the sum of the numbers in
each row, column and diagonal was the same: 15, which is also the number of days in each of the 24
cycles of the Chinese solar year. This pattern, in a certain way, was used by the people in controlling
the river.
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3 Latin square.

A Latin square is an n × n array filled with n different symbols, each occurring exactly once in each
row and exactly once in each column. Here is an example:

4 Orthogonal Latin square.

Orthogonal Latin squares of order n over two sets S and T , each consisting of n symbols, is an n× n

arrangement of cells, each cell containing an ordered pair (s, t), where s is in S and t is in T , such that
every row and every column contains each element of S and each element of T exactly once, and that
no two cells contain the same ordered pair.

5 Euler square & Conjecture..

Orthogonal Latin squares were studied in detail by Leonhard Euler, who took the two sets to be
S = {A,B,C, . . .}, the first n upper-case letters from the Latin alphabet, and T = {α, β, γ, . . .}, the
first n lower-case letters from the Greek alphabet—hence the name orthogonal Latin square.



Sung Sook Kim 825

In the 1780s Euler demonstrated methods for constructing orthogona-Latin squares where n is
odd or a multiple of 4. Observing that no order-2 square exists and unable to construct an order-6
square (see thirty-six officers problem), he conjectured that none exist for any oddly even number
n ≡ 2( mod 4). Indeed, the non-existence of order-6 squares was definitely confirmed in 1901 by
Gaston Tarry through exhaustive enumeration of all possible arrangements of symbols. However,
Euler’s conjecture resisted solution for a very long time.

In 1959, R.C. Bose and S. S. Shrikhande constructed some counterexamples (dubbed the Euler
spoilers) of order 22 using mathematical insights. Then E. T. Parker found a counterexample of order
10 through computer search on UNIVAC (this was one of the earliest combinatorics problems solved
on a digital computer).

In 1960, Parker, Bose, and Shrikhande showed Euler’s conjecture to be false for all n ≥ 10. Thus,
Graeco-Latin squares exist for all orders n ≥ 3 except n = 6.

6 Orthogonal Latin square Choi Seok-Jeong

5,1 6,3 4,2 8,7 9,9 7,8 2,4 3,6 1,5
4,3 5,2 6,1 7,9 8,8 9,7 1,6 2,5 3,4
6,2 4,1 5,3 9,8 7,7 8,9 3,5 1,4 2,6
2,7 3,9 1,8 5,4 6,6 4,5 8,1 9,3 7,2
1,9 2,8 3,7 4,6 5,5 6,4 7,3 8,2 9,1
3,8 1,7 2,9 6,5 4,4 5,6 9,2 7,1 8,3
8,4 9,6 7,5 2,1 3,3 1,2 5,7 6,9 4,8
7,6 8,5 9,4 1,3 2,2 3,1 4,9 5,8 6,7
9,5 7,4 8,6 3,2 1,1 2,3 6,8 4,7 5,9

x(i− 1) + j Koo-Soo-Ryak (Printed by woodblock)
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7 Handbook of Combinatorial Design.

On the page 12 of Handbook of Combinatorial Design, the following statement was included.

The literature on latin squares goes back at least 300 years to the monograph Koo-Soo-Ryak
by Choi Seok-Jeong (1646–1715); he uses orthogonal latin squares of order 9 to construct
a magic square and notes that he cannot find orthogonal latin squares of order 10.

This implies that the orthogonal latin squares of Choi Seok-Jeong is at least 67 years earlier than Euler’s
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