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Introduction 

• A Latin square is a table of  size nxn, filled with n elements of  set M in such 

way that each row and each column of  the table contain every single element 

of  M exactly once. 

• A diagonal Latin square is a Latin square which has unique elements both on 

its main and secondary diagonals. 

 

0 1 2 3 4 

4 2 3 0 1 

3 4 1 2 0 

1 3 0 4 2 

2 0 4 1 3 

0 1 2 3 4 5 6 

4 5 6 0 1 2 3 

5 6 3 2 0 4 1 

2 0 1 4 3 6 5 

3 2 5 1 6 0 4 

6 3 4 5 2 1 0 

1 4 0 6 5 3 2 

Fig. 1. Examples of  diagonal Latin squares of  rank 4, 5, 6 and 7 

0 1 2 3 

3 2 1 0 

1 0 3 2 

2 3 0 1 

0 1 2 3 4 5 

5 4 3 2 1 0 

2 5 1 4 0 3 

4 3 0 5 2 1 

1 2 5 0 3 4 

3 0 4 1 5 2 



Orthogonal squares 

• Two Latin squares L(lij) and K(kij) are called orthogonal, if  all ordered pairs 

(lij,kij) are different. Also known as «Euler» or «Greco-Latin» squares. 

Fig. 2. Example of  a pair of  orthogonal Latin squares of  rank 7,  

which are diagonal as well. 

0 1 2 3 4 5 6 0 1 2 3 4 5 6 

4 2 0 6 1 3 5 1 3 5 0 6 4 2 

3 5 1 0 2 6 4 2 0 4 6 5 1 3 

2 4 6 5 3 1 0 6 5 3 1 0 2 4 

5 3 4 1 6 0 2 4 6 0 5 2 3 1 

6 0 3 2 5 4 1 5 2 1 4 3 6 0 

1 6 5 4 0 2 3 3 4 6 2 1 0 5 

00 11 22 33 44 55 66 

41 23 05 60 16 34 52 

32 50 14 06 25 61 43 

26 45 63 51 30 12 04 

54 36 40 15 62 03 21 

65 02 31 24 53 46 10 

13 64 56 42 01 20 35 

Greco-Latin 

square 



ODLS of  rank 4 and 5 

• Rank 4 - 1 pair: 

 

 

• Rank 5 – 2 pairs: 

 

 

 

• There exist no ODLS of  rank 6. 

• Up to rank 7, all pairs of  ODLS are generated by rows permutation of  a single square! 

• A permutation of  rows generates either ODLS or a non-diagonal square. 

• In order to reduce the set of  processed squares, the first row is not being permuted, 

and we work only with normalized DLS. 

 

0 1 2 3 

3 2 1 0 

1 0 3 2 

2 3 0 1 

0 1 2 3 

2 3 0 1 

3 2 1 0 

1 0 3 2 

0 1 2 3 4 

4 2 3 0 1 

3 4 1 2 0 

1 3 0 4 2 

2 0 4 1 3 

0 1 2 3 4 

3 4 1 2 0 

4 2 3 0 1 

2 0 4 1 3 

1 3 0 4 2 

0 1 2 3 4 

2 3 4 0 1 

4 0 1 2 3 

1 2 3 4 0 

3 4 0 1 2 

0 1 2 3 4 

3 4 0 1 2 

1 2 3 4 0 

4 0 1 2 3 

2 3 4 0 1 



ODLS of  rank 7 

• ODLS of  rank 7 fall into 2 large groups: 

– 8 quartets – sets of  4 mutually orthogonal DLS that are obtained from each other by rows 

permutation. A rows permutation of  any of  squares of  any of  the quartets generates either one 

of  the MODLS of  the quartet, or a non-diagonal LS.  

– 112 pairs of  ODLS, among which no one square in a pair can be obtained from another square 

by rows permutation. 

• The computations were performed among already normalized DLS and ODLS. 



Example of  a MODLS quartet of  rank 7 

0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6 

4 2 6 0 5 1 3 3 5 1 6 0 4 2 5 6 3 4 1 2 0 6 4 5 2 3 0 1 

3 5 1 6 0 4 2 4 2 6 0 5 1 3 6 4 5 2 3 0 1 5 6 3 4 1 2 0 

5 6 3 4 1 2 0 6 4 5 2 3 0 1 2 0 4 1 6 3 5 1 3 0 5 2 6 4 

6 4 5 2 3 0 1 5 6 3 4 1 2 0 1 3 0 5 2 6 4 2 0 4 1 6 3 5 

1 3 0 5 2 6 4 2 0 4 1 6 3 5 3 5 1 6 0 4 2 4 2 6 0 5 1 3 

2 0 4 1 6 3 5 1 3 0 5 2 6 4 4 2 6 0 5 1 3 3 5 1 6 0 4 2 

00 11 22 33 44 55 66 00 11 22 33 44 55 66 00 11 22 33 44 55 66 

43 25 61 06 50 14 32 45 26 63 04 51 12 30 46 24 65 02 53 10 31 

34 52 16 60 05 41 23 36 54 15 62 03 40 21 35 56 13 64 01 42 20 

56 64 35 42 13 20 01 52 60 34 41 16 23 05 51 63 30 45 12 26 04 

65 46 53 24 31 02 10 61 43 50 25 32 06 14 62 40 54 21 36 03 15 

12 30 04 51 26 63 45 13 35 01 56 20 64 42 14 32 06 50 25 61 43 

21 03 40 15 62 36 54 24 02 46 10 65 31 53 23 05 41 16 60 34 52 

00 11 22 33 44 55 66 00 11 22 33 44 55 66 

35 56 13 64 01 42 20 36 54 15 62 03 40 21 

46 24 65 02 53 10 31 45 26 63 04 51 12 30 

62 40 54 21 36 03 15 61 43 50 25 32 06 14 

51 63 30 45 12 26 04 52 60 34 41 16 23 05 

23 05 41 16 60 34 52 24 02 46 10 65 31 53 

14 32 06 50 25 61 43 13 35 01 56 20 64 42 

00 11 22 33 44 55 66 

56 64 35 42 13 20 01 

65 46 53 24 31 02 10 

21 03 40 15 62 36 54 

12 30 04 51 26 63 45 

34 52 16 60 05 41 23 

43 25 61 06 50 14 32 



BOINC project “Rake Search”  

• The first results of  search for ODLS of  rank 7 and 8 are being prepared for publication 

• We are preparing additional processing of  search results  

• The “rake search” application has been written for BOINC using the BOINC API 

• The full “rake search” of  DLS of  rank 9 with the existing application will take ~ 10500 years 

of  CPU Time 

• It is possible that the observed “fractal behavior” of  DLS and MODLS will allow to reduce 

the search time by several times 

• It is possible that the application will be improved and work faster 

• A Desktop Grid computing project “Rake Search” has been created for searching the 

permutational ODLS of  rank 9 

• With use of  CluBORun utility, the cluster of  Karelian Research Center joined the project 

• The “Rake Search” BOINC project has been tested on the permutational ODLS of  rank 8 



A structure of  ODLS of  rank 9 

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 

8 2 7 6 0 1 3 5 4 4 7 6 2 8 3 5 1 0 8 2 0 6 3 1 7 5 4 

3 5 1 0 7 8 4 6 2 7 8 4 1 5 6 2 0 3 3 5 1 7 0 8 4 6 2 

6 3 8 4 1 7 0 2 5 1 0 3 5 2 4 7 8 6 6 7 8 4 1 3 0 2 5 

5 6 0 7 3 2 8 4 1 2 4 5 8 6 0 1 3 7 5 6 3 0 7 2 8 4 1 

7 8 4 1 5 6 2 0 3 3 5 1 0 7 8 4 6 2 7 8 4 1 5 6 2 3 0 

4 7 6 2 8 3 5 1 0 8 2 7 6 0 1 3 5 4 4 3 6 2 8 0 5 1 7 

1 0 3 5 2 4 7 8 6 6 3 8 4 1 7 0 2 5 1 0 7 5 2 4 3 8 6 

2 4 5 8 6 0 1 3 7 5 6 0 7 3 2 8 4 1 2 4 5 8 6 7 1 0 3 

00 11 22 33 44 55 66 77 88 00 11 22 33 44 55 66 77 88 

84 27 76 62 08 13 35 51 40 88 22 70 66 03 11 37 55 44 

37 58 14 01 75 86 42 60 23 33 55 11 07 70 88 44 66 22 

61 30 83 45 12 74 07 28 56 66 37 88 44 11 73 00 22 55 

52 64 05 78 36 20 81 43 17 55 66 03 70 37 22 88 44 11 

73 85 41 10 57 68 24 06 32 77 88 44 11 55 66 22 03 30 

48 72 67 26 80 31 53 15 04 44 73 66 22 88 30 55 11 07 

16 03 38 54 21 47 70 82 65 11 00 37 55 22 44 73 88 66 

25 46 50 87 63 02 18 34 71 22 44 55 88 66 07 11 30 73 

00 11 22 33 44 55 66 77 88 

48 72 60 26 83 31 57 15 04 

73 85 41 17 50 68 24 06 32 

16 07 38 54 21 43 70 82 65 

25 46 53 80 67 02 18 34 71 

37 58 14 01 75 86 42 63 20 

84 23 76 62 08 10 35 51 47 

61 30 87 45 12 74 03 28 56 

52 64 05 78 36 27 81 40 13 



Join us! 

 

 

• Rake Search project: http://rake.boincfast.ru/rakesearch/ 

• BOINC.Ru portal:  http://www.boinc.ru/ 

• Crystal Dream team: https://vk.com/crystal_dream_team 

• BOINC community in VK:    https://vk.com/boinc 

• And all our teams in distributed computing projects! 

http://rake.boincfast.ru/rakesearch/
http://rake.boincfast.ru/rakesearch/
http://www.boinc.ru/
http://www.boinc.ru/
http://www.boinc.ru/
https://vk.com/crystal_dream_team
https://vk.com/crystal_dream_team
https://vk.com/boinc
https://vk.com/boinc
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Questions 


