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(Partial) Latin squares

PL(n) := {n x n partial Latin squares with entries in [n]U {-}}.
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(Partial) Latin squares

PL(n) := {n x n partial Latin squares with entries in [n]U {-}}.
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3|4
Example : 3 1172 € PL(4)
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(Partial) Latin squares

PL(n) := {n x n partial Latin squares with entries in [n]U {-}}.
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L(n) := {n x n Latin squares with entries in [n]}.
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(Partial) Latin squares

PL(n) := {n x n partial Latin squares with entries in [n]U {-}}.

Example :
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€ PL(4)

L(n) := {n x n Latin squares with entries in [n]}.

Example :
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Isotopisms and Parastrophisms in Latin squares.
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Isotopisms and Parastrophisms in Latin squares.

Definition

Two Latin squares Ly, Ly € £(n) are isotopic if there exist a triple © := (o, 8,7) €
S X Sp x S, such that L9 = L,. Then © is called isotopism. If L® = L, it is

called autotopism.
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Isotopisms and Parastrophisms in Latin squares.

Definition

Two Latin squares Ly, Ly € £(n) are isotopic if there exist a triple © := (o, 8,7) €
S X Sp x S, such that L9 = L,. Then © is called isotopism. If L® = L, it is
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112]3 © = ((12), (23), Id: 2|1]3
21371 _M 113102
31112 3121

Definition

Two Latin squares Ly, L, € L£(n) are parastrophic (commonly known as conju-
gated) if there exist a permutation 7 := (71, mp, 73) € Sz such that LT = L. Then
7 is called parastrophism.
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Isotopisms and Parastrophisms in Latin squares.

Definition

Two Latin squares Ly, Ly € £(n) are isotopic if there exist a triple © := (o, 8,7) €
S X Sp x S, such that L9 = L,. Then © is called isotopism. If L® = L, it is
called autotopism.

112]3 © = ((12), (23), Id: 2|1]3
21371 _M 113102
31112 3121

Definition

Two Latin squares Ly, L, € L£(n) are parastrophic (commonly known as conju-
gated) if there exist a permutation 7 := (71, mp, 73) € Sz such that LT = L. Then
7 is called parastrophism.

f[2]3] _ - [1]2]3
21311 ==, 371
3012 31
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Paratopisms in Latin squares.
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called

paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

'\
Il

o = (©;m) = ((Ida, (12)(34), (12)); (12))

W PN =
Mlwl=N
IN D W
N~ W
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

1[2]3]4
211143

L=21312T7 o = (©:m) = ((Ids, (12)(34), (12)); (12))
3[4]1]2

1[2[3]4

2[1]43

4321

3[4[1]2
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

11234
21143

L=21312T7 o= (©;m) = ((Ids, (12)(34), (12)); (12))
314|112

112|314

21114 |3 ] ©=/(d,(12)(34),(12))

413121

314112
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

112|134
211143

L=3TT1 o = (0;m) = ((lds, (12)(34), (12)); (12))
314112

112|314 112413

211|143 ©=(0d,(12)(34),(12)) |2 1|3 |4

413121 314121

31412 41312
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

11234
21143

L=21312T7 o= (©;m) = ((Ids, (12)(34), (12)); (12))
314|112

112|314 1121413

21114 |3 ] ©=(0d,(12)(34),(12)) |2|1]|3 |4 = (12)

413121 314121

314112 413|112
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Paratopisms in Latin squares.

Definition

Two Latin squares Ly, Ly € L£(n) are paratopic if there exist an action o
of the wreath product P, = S31S,, such that L = L>. Then o is called
paratopism and 0 = (o, 3,7;9). If L7 = L, it is called autoparatopism.

11234
21143
L=21312T7 o= (©;m) = ((Ids, (12)(34), (12)); (12))
314|112
112|314 112413 112314
21114 |3 ] ©=(0d,(12)(34),(12)) |2|1]|3 |4 =12 2143
413121 314121 413121
314112 413|112 314|112
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Paratopisms in Latin squares.
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Paratopisms in Latin squares.

@ The set of autoparatopisms of any Latin square Par(L) is a group
under the composition:

(g:p)(f;m) == (g"f;mp)
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Paratopisms in Latin squares.

@ The set of autoparatopisms of any Latin square Par(L) is a group
under the composition:

(g:p)(f;m) == (g"f;mp)

@ The inverse of a paratopism (f,7) in S318, is:

(Fm) = ((F )
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Paratopisms in Latin squares.

@ The set of autoparatopisms of any Latin square Par(L) is a group
under the composition:

(g:p)(fim) = (g"Fimp)
@ The inverse of a paratopism (f,7) in S318, is:
(Fm) = ((F )

@ We just need to study those autoparatopisms whose structure
(Wanless and Mendis, 2016) is one of the following:
o Type I: ((Ids, 2, 5); (12))
o Type Il: ((Id,,1d,, f3); (123))
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Coloring Latin squares by paratopisms.

Let L € £5(4) and o € Par(L) as follows:
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Coloring Latin squares by paratopisms.

Let L € £5(4) and o € Par(L) as follows:

o = ((Ids, (12)(34), (12)); (12))

1[2[3]4 1]27]4[3
 _[2[114]3] e _[2]1]3]4
“l43]2]1 BEEBRE
3[4]1]2 4321
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

1  HHE 1(2]4]3
[ —12]1]4]3] o_|2]1]|3]4
—[4]3]2]1 (3412
3[4(1]2 413201

° (1,1,1)
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

1  HHE 1 413
[ —1211]4]3] o_|2]1]|3]4
—[4]3]2]1 (3412
3[4(1]2 413201

e (1,1,1) =»°(1,2,2)
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

W 2[3]4 1 4]3
L:143 jo_|2]1]3]4
—l4[3]2]1 “[3[41]2

3[4[1]2 4321

e (1,1,1) =»°(1,2,2) =7 (2,1,2)
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

LG)

—
I
EE
=N

oS w

N =W

W
w
N

Il

w

[CSREN
=N W

o (1,1,1) =»©(1,2,2) =7 (2,1,2) »© (2,2,1)
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

LG)

Il

E

MW
N =W

W
w
N

Il

w

[CSREN
=N W

o (1,1,1) =»©(1,2,2) =7 (2,1,2) »© (2,2,1) =7 (2,2,1)
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Coloring Latin squares by paratopisms.

Let L € £S(4) and o € Par(L) as follows:

o = (©;m) = ((Ida, (12)(34), (12)); (12))

2(3|4 H 2 BB
_ 413 o_ENRN3 4
14[3]2]1 T 13]4]1]2
3[4]1]2 41321

o (1,1,1) =»©(1,2,2) =7 (2,1.2) »°(2,2,1) -7 (2,2,1) =° (2,1,2)
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Coloring Latin squares by paratopisms.

Let L € £5(4) and o € Par(L) as follows:

o = (©;m) = ((lda, (12)(34), (12)); (12))

1 4

21
314|1
4132

L® =

~
Il
N | =
=N
Nl Ww
N = WD

W
MW

[E=Y
=N W

e (1,1,1) =9 (1,2,2) =™ (2,1,2) =»© (2,2,1) =™ (2,2,1) =»° (2,1,2)
—7(1,2,2)
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Coloring Latin squares by paratopisms.

Let L € £S5(4) and o € Par(L) as follows:

o = (©;7) = ((Ids, (12)(34), (12)); (12))

B 413 o_[2]1]3]4
L=4321L=3412
31412 41321

e (1,1,1) = (1,2,2) » (2,1,2) = (2,2,1) =+ (2,2,1) = (2,1,2) — (1,2,2)
e (1,33)— ..
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Coloring Latin squares by paratopisms.

Let L € £S5(4) and o € Par(L) as follows:

o = (©;7) = ((Ids, (12)(34), (12)); (12))

1121413
[ = E2134
314|1]2
413121

e (1,1,1) = (1,2,2) » (2,1,2) = (2,2,1) =+ (2,2,1) = (2,1,2) — (1,2,2)
e (1,33)— ..
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Critical sets.

Let P € PLS(5):

. 5

P= 41512
415 2|3
2134
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Critical sets.

Let P € PLS(5):

. 5

P= 41512
415 2|3
2134

)
41512
4|5 213

2134
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Critical sets.

Let P € PLS(5):

. 5

P= 41512
415 2|3
2134

- 15
45112 P — forced
4|5 213
2134
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Critical sets.

Let P € PLS(5):

. 5

P= 41512
415 2|3
2134
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Critical sets.

Let P € PLS(5):

. 5

P= 41512
415 2|3
2134

- 15
P — forced P — forced
45| 2| L=l L foreed,
415 213 4
2134
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Critical sets.

Let P € PLS(5):

o
11l
i .
o
N

. 1/2|3|4]|5

- 15 21314151
45112 P — forced P — forced 3415112
415 213 4 41511123
2134 5111234
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o-critical sets.

Let L € £(5) and o € Par(L) :

h
Il

o = ((Ids, (12345), (12)(34)); (12))
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o-critical sets.

Let L € £(5) and o € Par(L) :

r\
Il

o = ((Ids, (12345), (12)(34)); (12))

o — forced o — forced
_— E—
L — forced
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o-critical sets.

Let L € £(5) and o € Par(L) :

r\
Il
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Example
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Secret sharing scheme
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