BULETINUL ACADEMIEI DE STIINTE

A REPUBLICII MOLDOVA. MATEMATICA
Number 1(68), 2012, Pages 21-31

ISSN 1024-7696

Conjugate sets of loops and quasigroups.
DC-quasigroups

G. B. Belyavskaya, T.V.Popovich

Abstract. It is known that the set of conjugates (the conjugate set) of a binary
quasigroup can contain 1, 2, 3 or 6 elements. We investigate loops, I P-quasigroups
and T-quasigroups with distinct conjugate sets described earlier. We study in more
detail the quasigroups all conjugates of which are pairwise distinct (shortly, DC-
quasigroups). The criterion of a DC-quasigroup (a DC-IP-quasigroup, a DC-T-
quasigroup) is given, the existence of DC-T-quasigroups for any order n > 5, n # 6,
is proved and some examples of DC-quasigroups are given.
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1 Introduction

A quasigroup is an ordered pair (@, A) where @ is a nonempty set and A is
a binary operation defined on @ such that each of the equations A(a,y) = b and
A(z,a) = b is uniquely solvable for any pair of elements a, b in @) was established. It
is known that the multiplication table of a finite quasigroup defines a Latin square
and six (not necessarily distinct) conjugates (or parastrophes) are associated with
each quasigroup (Latin square) [1,6].

In [9] a connection between five identities of two variables and the equality of a
quasigroup to some of the rest five its conjugates was established. It was also proved
that the number of distinct conjugates of a finite quasigroup can be 1, 2, 3 or 6 and
for any m = 1,2,3,6 and any n > 4 there exists a quasigroup of order n with m
distinct conjugates (see Theorem 6 of [9]).

In [12] a connection between different pairs of conjugates of a quasigroup was
established, four identities that correspond to the equality of a quasigroup to its
conjugates were given. It was also proved that any two of these four identities
imply the rest two identities. All six possible sets of conjugates taking into account
all possible cases of the equality (”assembling”) of conjugates were described. The
connection between four identities and possible conjugate sets was shown.

In this article we continue the investigation of conjugates of quasigroups started
in [12], in particular, we study loops, I P-quasigroups and T-quasigroups with dis-
tinct conjugate sets described in [12].

We study in more detail quasigroups and loops all conjugates of which are pair-
wise distinct (these quasigrops we call distinct conjugate quasigroups or, shortly,
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DC-quasigroups). Such quasigroups form an important class and arise by the re-
search of various questions of the quasigroup theory and the Latin square theory,
in particular, in the research of totally conjugate-orthogonal [5] and near totally
conjugate-orthogonal quasigroups [11]. They can be also used by coding and encryp-
tion of information. The criterion of a DC-quasigroup ( of a DC-I P-quasigroup, a
DC-T-quasigroup) is established, some examples of DC-quasigroups are given and
the existence of DC-T-quasigroups of any order n > 5, n # 6, is proved.

2 Preliminaries

Remind some necessary notions and results. To any quasigroup (Q, A) the system
Y (A) of six (not necessarily distinct) conjugates (parastrophes) corresponds:

B(4) = (4,471,714, ()T A,

where A(z,y) =z & A7 z,2) =y & 'A(2,y) = 2 & A*(y,z) = 2.
Using the Belousov’s designation of conjugates of a quasigroup (@, A) from [2]
we have the following conjugate system (A):

Z(A) = (A7 7;47 ‘647 17;47 T‘€47 §4)7

where A=A, TA=A"1 U="TA, "A="1(A"1), "U= ("), 4A=A4"

Note that (“1(A™1)) ™" =rr 4 ==1((7H)71) =l A =54 and "A =l A = A,
9TA =("A).

Let ¥(A) be the set of conjugates (the conjugate set) of a quasigroup (@, A). It
is known [9] that | X(A) |= 1, 2, 3 or 6.

A quasigroup is a totally-symmetric quasigroup (a T'S-quasigroup) if it satisfies
the identities x - vy = y and 2y = yz. For T'S-quasigroups | X(A) |= 1.

The following Theorem 1 of [12] describes all possible conjugate sets for quasi-
groups and points out the only possible variants of equality (”assembling”) of con-
jugates in every case.

Theorem 1 [12]. The following conjugate sets of a quasigroup (Q,A) are only
possible: $1(A) = {A}; Sp(A) = {AfA} = {A = A = "4 U = A =5 A},
Se(A) = {A, A, A, A U AL, S3(A) = {ATATAY and three cases are only
possible:

%(A) —{A=TA U="A U= AY;

Eg(A) ={A=U, A="4 A= A);

S3(A)={A=A, A=A U="U}

For convenience we denote the classes of quasigroups (Q,A) with %(A) =
T1(A), T2(A),S5(A), Ta(A), Ta(A), S6(A) by Vi, Va, Vi, V2, V3, Vs, respectively.

We say that a quasigroup (@, A) satisfies exactly one identity of the set of identi-
ties T = {A(z, A(z,y)) = y, A(A(y, z),x) =y, A(z,y) = Ay, ), A(A(z,y),z) = y}
if it satisfies one identity and does not satisfy the rest identities of this set.
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Remark 1. According to Corollary 4 [12], establishing a connection between con-
jugate sets described in Theorem 1 and the identities of the set T we have that V;
is the class of quasigroups satisfying all identities of T'; V5 (V31, ‘/})2, V33) is the class
of quasigroups satisfying exactly the identity A(A(x,y),z) = vy (A(z, A(z,y)) =
y, A(A(y,x),z) =y, A(z,y) = A(y, x) respectively) of T and Vj is the class of quasi-
groups which satisfies none of four identities of T. For a quasigroup (Q, A) of the
class V; (of the variety of T'S-quasigroups) | X(A) |= 1; for a quasigroup of the class
Va (every of the classes V3!, V2, V) we have | X(A) |=2 (] £(A) |= 3 respectively)
and | L(A) |= 6 for the class V.

Below we study loops, I P-quasigroups and T-quasigroups from the point of view
of their conjugate sets.

3 Conjugate sets of loops

Let (Q,A) be a loop with the identity e, A(ljz,z) = A(z,I,x) = e, that is
Lix = ~'z, I,x = 1. It is easy to see that if the loop (Q, A) satisfies at least one
of the three identities A(z, A(x,y)) =y, A(A(y,x),x) =y, A(A(z,y),z) =y of the
set T, then it is a loop of exponent two: A(x,z) = e for any z € Q. In this case
Il = IT = E&.

Proposition 1. In any of the classes ‘/1,V2,‘/31,‘/32,‘/33,‘/6 of quasigroups there
exists a loop of exponent two.

Proof. Note that if a loop (@, A) has exponent two , then all its congugates also are
loops of exponent two since L7y = L'y and Rfyaz = Ry_laz, where LTy = "A(z,y),

Réx = U(z,y), Loy = A(x,y), Ryr = A(z,y). Any T'S-loop is in V;. The loops of
exponent two given by Tables 1-5 are, respectively, in V5, V})l, V32, V}f’ and Vg:

T 9 3 13 1 2 3 45 6
21 5 6 3 4
2 1 4 5 3
36 1 5 4 2
351 2 4
4 3 21 6 5
4 3 51 2
5409 3 1 5 4 6 2 1 3
6 5 4 3 2 1
Tab. 1 Tab. 2
1 2 3 45 6 1 2 3 4 5 6 1 2 3 4 5 6
21 5 6 4 3 21 6 5 3 4 21 4 3 6 5
341 5 6 2 3 6 1 2 45 3516 4 2
4 3 6 1 2 5 4 5 2 1 6 3 4 6 51 2 3
56 2 3 1 4 5 3 4 6 1 2 5 3 6 2 1 4
6 5 4 2 31 6 4 5 3 2 1 6 4 2 5 3 1
Tab. 3 Tab. 4 Tab. 5

Now consider the loops which are not loops of exponent two.
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Proposition 2. Let a loop (Q,A) be not of exponent two, then (Q,A) € V3 if
(Q, A) is a commutative loop and (Q,A) € Vi if (Q,A) is a noncommutative loop.

Proof. Indeed, in this case (Q,A) ¢ Vi, Vs, V31, V32 since this loop satisfies none of
identities of the set T' corresponding to these classes. If the loop is commutative,
then by Theorem 1 and Remark 1 it is in the class V3. Otherwise it is in V. O]

4 Conjugate sets of I P-quasigroups

At first we recall that a quasigroup (Q, A) is called a quasigroup with the property
of invertibility (an I P-quasigroup) if there exist two mappings I; and I, of the set
@ into @ such that A(Ljz, A(z,y)) =y and A(A(y, ), ,z)) =y for all z,y € Q.

It is known that the mappings I; and I, are permutations, Il2 = I? = ¢ (the
identity permutation) and [}A(z,y) = A(Ly, L,x), I, A(x,y) = A(Liy, L1z) [1].

The conjugates of an I P-quasigroup have the following form:

U(z,y) = Az, Iy), "Alz,y) = A(Liz,y), "A(z,y) = LA(z, Ly),

"U(x,y) = LA(Liz,y), Az, y) = L,A(Lz, Ly) = LAz, Ly).

By Theorem 1 of [3] all conjugates of an I P-quasigroup are isotopic. Note that in
a commutative I P-quasigroup and in an I P-loop I, =1; = 1.

Proposition 3. Let a quasigroup (Q, A) be a noncommutative I P-quasigroup. Then
A(x,y) = Az, y) if and only if I; = I, = T and TA(z,y) = A(y, x).

Proof. Let A ='' A, then I; # ¢ (I, # ¢): by I, = ¢ we have A(Liz,y) =

A(z,y) = A(z,I;y), then I, = ¢ and (Q,A) is commutative. But in this case
from "A(x,y) =' A(z,y) it follows A(Lix,y) = Az, Ly), A(z,y) = A(Liz, Ly),
LA(x,y) = LA(Liz,Iy) = Ay, L. Lix), [A(Liz,y) = Ay, I,x), LI, A(Ljy,z) =
Ay, Iyx), LI,A(Lyy,I,x) = A(y,x) = A(Liy,I,z), since A(z,y) = A(Liz,Iy),
whence it follows that I}, = e or I; = I, = I. Taking into account that
A(y,x) = A(Lyy, I,x) we obtain TA(z,y) = Ay, x).

Conversely, let I; = I, = I in a noncommutative IP-quasigroup (@, A) and
TA(z,y) = A(y,z), then A(z,y) = A(Iz, Iy), A(lz,y) = A(z, Iy), that is A(z,y) =
U(z,y). O

Now we consider I P-quasigroups from the point of view of their affiliation to the
classes of quasigroups Vi, Vs, V31, V32, V33 and V.

Theorem 2. Let a quasigroup (Q,A) be an IP-quasigroup with I} = I, = I. Then
(Q,A) € Vi ifand only if I = €; (Q, A) € V3 if and only if (Q, A) is commutative and
I #¢;(Q,A) € Va if and only if (Q,A) is noncommutative and [A(z,y) = Ay, x);
(Q,A) € Vi if and only if (Q, A) is noncommutative and IA(x,y) # Ay, x).

Proof. If Iy = I, = I = ¢, then all conjugates coincide and (@, A) € V;. The converse
is also true. If I # ¢ and (Q, A) is commutative, then A =54, A #£!A, A #"A, so by
Theorem 1 (@, A) € V3. The converse follows from Theorem 1.

Let (@, A) be a noncommutative I P-quasigroup. If TA(x,y) = A(y,z) (in this
case I # ¢), then A #%A, A # A, A #” A and by Proposition 3 4 =! A, so by
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Theorem 1 (Q, A) € Va. If (Q, A) € Vo, then by Theorem 1 the quasigroup (Q, A)
is noncommutative and A ='A, so by Proposition 3 TA(z,y) = A(y, z).

If TA(z,y) # A(y,x) and (Q, A) is a noncommutative quasigroup, then A #°A,
A #' A, A #" A and by Proposition 3, A #' A. It means that by Theorem 1 the
quasigroup (@, A) is contained in V.

If a quasigroup (@, A) is contained in Vg, then it is noncommutative and A #'A,
so by Proposition 3 TA(z,y) # A(y,x) (since in this case I} = I, = I). O

Note that by Theorem 2 of [3] all conjugates of an I P-quasigroup (@, A) are also
I P-quasigroups if and only if there exists a permutation « such that aA(z,y) =
A(y, ), so in the cases (Q,A) € Vi, (Q,A) € Vz and (Q, A) € V35 conjugates of
(Q, A) are I P-quasigroups.

Recall that a Moufang loop is defined by the identity z(y-xz) = (zy-x)z and is a
special case of I P-loops. From Theorem 2 and Proposition 2 the following corollaries
easy follow.

Corollary 1. Let (Q, A) be an IP-loop (a Moufang loop), then
(Q,A) eV ifI =¢;
(Q,A) € V3 if (Q,A) is commutative and I # ¢;
(Q,A) € Vg, if (Q,A) is noncommutative.

Note that the case (@, A) € V5 of Theorem 2 for an I P-loop is impossible.

Corollary 2. All abelian groups of exponent 2 are contained in the class Vy, the
rest abelian group are contained in the class V}f’. Non-abelian groups are in V.

Theorem 3. Let a quasigroup (Q, A) be an I P-quasigroup with I # I,.. Then
(Q,A) € Vi if and only if I = ¢.
(Q,A) € VE if and only if I, = €.
(Q,A) € Vg if and only if I}, I, # €.

Proof. In this case a quasigroup (@, A) is noncommutative. If [; = ¢ (I, = ¢) and
I # I, then A# A A4 A A+ U and A="A(A# A A# ™, A+ A and
A=M1") s0(Q,A) €V} ((Q,A) € V2, respectively). The converse follows from
Theorem 1 since then A = A (A = W), that is [; = ¢ (I, = ¢). If [;,I, # ¢ and
I} # I, we have A #5A, A #!A, A #"A and by Proposition 3 A #£'A, so (Q, A) € Vg
according to Theorem 1. If (Q, A) € Vi, then A £!'A and A #7A, so I}, I, #e. O

Example 1. In [1], p. 74, the following example of I P-quasigroup with I; # I, is
given. Let (Q,-) be a group with the identity e, 6 be its automorphism of order two,
(Q, A) be the quasigroup where A(x,y) = 0x-y. Then (M,0) = (Q,-) x (Q, A) is an
I P-quasigroup with I;(a,b) = (a=',b7 1), I(a,b) = (a=,0b71), where a-a™! = e. In
this quasigroup I; # I, and I, I, # ¢ if (@, -) has not exponent two, so by Theorem 3
(M,o) isin Vg. If (Q,-) is a group of exponent two, then I; = ¢ and by Theorem 3
M(o) € Vi

Let in this example A(z, ) = 20y, (M, 0) = (Q, A)x(Q, ), L(a,b) = (a~1,b),
Ii(a,b) = (fa=',b~1), then
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((a,b) o (c,d)) o I(c,d) = (a-0c,bd)o (c™t,d™') = (a-0c-Oc ', bd-d~ ) = (a,b),

Ii(a,b)o((a,b)o(c,d)) = (fa=t,b=)o(a-Oc,bd) = (fa=t-0a-6%c,b~1-bd)) = (c,d).

Thus, (M, o) is also an I P-quasigroup with I; # I,.

If the group (@,-) has not exponent two, then the IP-quasigroup (M,o) is in
Ve, since I, I, # €. If the group (Q,-) is a group of exponent two, then I, = ¢, so
by Theorem 3 (M, o) € V&

5 Conjugate sets of T-quasigroups

A quasigroup (@, A) is a T-quasigroup if there exist an abelian group (Q,+), its
automorphisms ¢, 1 and an element ¢ € @ such that A(z,y) = px + ¢y + ¢ for any
z,y € Q 8.

The conjugates of a T-quasigroup A(x,y) = ¢x + ¥y + ¢ (which are also
T-quasigroups) have the following form:

Alz,y) = vz + oy +c, Alz,y) =9~y — gz —c),

Az, y) =z -y —c), M(z,y) =y !z — oy —c),

TA(x,y) = o1 (y — Yz — ¢) (see, for example, [10]).

Let Iz = —x , then I?2 = £ where ¢ is the identity transformation, and ¢ = I
for any automorphism ¢ of a group (@, +).

By Proposition 1 of [12] all pairs of conjugates of the conjugate system %(A) of
a quasigroup (@, A) can be divided into four disjoint classes:

I (ATA), (AA), ("4,%A);

I1. (AlA), ("A"A), (AA);

1. (A2A), (A7A), (AA);

IV. (A7A), (AA), (A°4), (MAA), (ATA), (4,°A)
such that the equality (inequality) of components of one pair in a class implies the
equality (inequality) of components of any pair in this class.

For T-quasigroups the following (Theorem 2 of [12]) was proved:

Theorem 4 [12]. The components of any pair of a class I, II, III or IV for a
T-quasigroup (Q, A): A(z,y) = vz + Yy coincide if and only if 1» = I for the pairs
of class I; ¢ = I for the pairs of class II; ¢ = 1) for the pairs of class III; ©*> = I
and Y* = Ip (or o =¢~" and ¢* = I ) for the pairs of class IV.

Note that in [12] the equivalence of the pair of equalities p? = It and ? = I
to the pair of equalities ¢ = 1)~! and ¢® = I was proved.
Now we shall describe T-quasigroups with distinct conjugate sets.

Theorem 5. Let (Q, A) be a T-quasigroup: A(z,y) = px + 1py. Then
(Q,A) € V1 if and only if p = =1;

(Q»A) € Va2 if and only Zf(pg =1,p= ¢_1) o #1,;

(Q,A) € Vi if and only ifp = I, # I;

(Q,A) € VI if and only if p = 1,7 # I;

9
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Q
(G
(Q,A) € Vs if and only if p,v» # I, p # ¢ and at least one of two inequalities
YL, 03 £ I and at least one of two inequalities ©? # I or ? # Iy is fulfilled.

Proof. The first statement is easy checked if to take into account the definition of a
T S-quasigroup.

Let 03 =1, =9~ " and ¢ # I,4. In this case we have 1) # I and ¢ # 1, so by
Proposition 1 of [12] and Theorem 4 A = "4 = ™, 4 = A =5 A (these equalities
correspond to the pairs of class IV), A # ™A, A # 4 and A # #A. Thus, in the
set L(A) there are exactly two conjugates and (Q, A) € Va. The converse follows
from the form of 39(A) for V5 in Theorem 1 and from Theorem 4 since in this case
A=V ="4 M ="4A=A moreover, A # A, A # A, A # A, since ¥y(A)
contains two elements.

Let ¢ = I, # I, then ¢ # 1,9 ~!, so by Theorem 4 and Theorem 1 we have
the set Eé(A), as A=A, A# 4, A+ A and 4 # "A. The converse follows from
the form of i]);(A) in Theorem 1 as in this case A = "4, A # 4, A # A and so by
Theorem 4 ¢ = I, # I and ¢ # 1) whence ¢ # 1.

The case of Eg(A) is proved analogously. Let ¢ = 1, # I and at least one of
two inequalities ¢ # ™!, ¢? # I be fulfilled, then ¢ # I, so by Theorem 4 and
Theorem 1 we have the set ig(A), as A=A, A# U A# "Aand A4 # "A. The
converse follows from the form of ig(A) in Theorem 1 and from Theorem 4.

Let ¢, # I, ¢ # 1 and at least one of two equalities ¢ = ¥, ¢3 = I be
not fulfilled. Then the quasigroup (Q, A) satisfies none of conditions of Theorem 4,
so all conjugates of this quasigroup are distinct and X(A) = Xg(A4). Conversely,
if all conjugates of a quasigroup (@, A) are different, then by Theorem 4 in (Q, A)
0, # I, ¢ # 1 and at least one of two equalities of ¢ = ¥~!, ©3 = I is not
fulfilled. O

6 DC-quasigroups
Consider in more detail the class of quasigroups all six conjugates of which are
distinct.

Definition 1. A quasigroup is called a distinct conjugate quasigroup or, shortly, a
DC'-quasigroup if all its conjugates are distinct, that is | 3 |= 6.

All DC-quasigroups form the class V.

Theorem 6. A quasigroup (Q,A) is a DC-quasigroup if and only if A #
A, A, A, AL A quasigroup (Q, A) is a DC-quasigroup if and only if it satisfies
none of four identities of the set T.
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Proof. Indeed, by Proposition 1 of [12]
if A#"A, then A A" A and "4 #£%A;
if A#'A, then "A #™A and A £ A;
if A#%A, then "A #"A and 4 £ A;
if AATA then A £7A, TA #£5A, A £71A, A #7A and A #£5A
since the corresponding pairs of conjugates coincide simultaneously. ([l

Let (@, A) be a DC-quasigroup, A = A where ¢ is the identity transformation,
C ={e,r1,rllr s} bethe set of six conjugations, as transformations of a quasigroup
(Q, A). On the set C we shall define the operation (-), corresponding to the passage
from one conjugate of a quasigroup to another one, taking into account that the
multiplication is realized from the right to the left.

We obtain the group C(+) which is isomorphic to the symmetric group S; (see [1]).
The multiplication table of the group C(-) is the following;:

r 1 I Ir s

e rl 1 s Ir
Ir ¢ s r 1l
rl{rl s r Ir e 1
Ir | Ir 1 s e 1l

€

ele r 1 1l Ir s
r
1

Tab. 6

In this table rs means that at first s then r are applied, so rs = rrir = lr, and
sr=rlrr =rl.
The following statement gives some properties of DC-quasigroups.

Proposition 4. For a DC-quasigroup the group C(+) is isomorphic to the symmetric
group Ss.

Any DC'-quasigroup is noncommutative and nontrivial.

Any conjugate of a DC-quasigroup is a DC-quasigroup.

Any quasigroup containing a DC'-subquasigroup is a DC-quasigroup.

The direct product of DC-quasigroups is a DC-quasigroup.

The direct product of a T'S-quasigroup and a DC-quasigroup is a DC'-quasigroup.

The direct product of two quasigroups from distinct classes of Va, V31, ‘/},2,
V3, Ve is a DC-quasigroup.

A nontrivial quasigroup which is a homomorphic image of a DC-quasigroup is
not necessarily a DC-quasigroup.

Proof. The results follow from the definitions, Theorem 6, the characterization of
the classes V7, ‘/2,‘/31, V32,V})3, Vs using the identities of the set T (see Remark 1)
and taking into account that if a quasigroup satisfies an identity, then this identity
holds in any its subquasigroup. The last statement is true since, for example, the
non-abelian group S3 which by Corollary 2 is a DC-group has a homomorphic group
of order two, which is contained in the class V. O
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By Theorem 6 of [9] for any m = 1,2, 3,6 and any n > 4 there exists a quasigroup
of order n with m distinct conjugates. The proof of this theorem for a quasigroup
(Q, A) with | X(A) |= 6 is based on the existence of a quasigroup of order 3 satisfying
none of the identities in the set T'. But it is easy to check that such quasigroups do
not exist, since six of 12 quasigroups of order 3 are commutative and every of the
remaining six quasigroups coincide with the left or the right inverse quasigroup. So
below we shall bring in small correction in the proof for the case of quasigroups with
| X(A) |= 6 using the idea of embedding used in the proof of Theorem 6 [9].

Theorem 7. For every n > 4 there exists a DC-quasigroup of order n.

Proof. Tt is easy to check that, for example, the quasigroup (@, A) of order 4 with
the following multiplication table:

All 2 3 4
11 2 3 4
212 4 1 3
314 3 2 1
413 1 4 2
Tab. 7

is a DC-quasigroup. In [7] Trevor Evans has shown that a quasigroup of order n
can be embedded in a quasigroup of order t for every ¢t > 2n. Using the quasigroup
of order 4, given above, for embedding we obtain a DC-quasigroup of any order
n > 8 by Proposition 4. The existence of DC-quasigroups of order n = 5,7 follows,
for example, from Theorem 8 below (for n = 5 see also Example 2 in the end). By
Corollary 2 the noncommutative group Ss of order n = 6 is a DC-group. O

Summarizing the above results we have the following DC-loops and
DC-quasigroups.

Proposition 5. A noncommutative loop (Q,A) which is not of exponent two is a
DC-loop.

A noncommutative IP-quasigroup (Q,A) with I; = I, = I and ITA(x,y) #
Ay, z) is a DC-quasigroup.

A noncommutative IP-loop (a noncommutative Moufang loop, a non-abelian
group) is a DC-loop.

A noncommutative I P-quasigroup with I} # I, and I}, I. # € is a DC-quasigroup.

A T-quasigroup (Q,A): A(x,y) = @x + Yy such that ¢ # I,9; ¥ # I and
@2 £ Iy orp? # Ip (and p # ¢~ or @3 # 1) is a DC-quasigroup.

Denote by s, the number of DC-groups of order n, then using Fig. 4.3.4 of [6]
with the number of all non-abelian groups of order n < 32 we get that sg = s19 =
S14 = S21 = S22 = S96 = So7 = 1; S8 = S99 = S24 = S28 = 2; S12 = S18 = S30 = 3;
S16 — 9.

The criterion of Theorem 5 for a DC-T-quasigroup can be reformulated in the
following way.
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Corollary 3. A T-quasigroup (Q,A): A(z,y) = px+1y is a DC-quasigroup if and
onlyif o+e#0,Y+e#0, p— #0 and >+ #0 or Y? + p # 0, where 0 is
the endomorphism zero of the abelian group (Q,+).

Indeed, for example, the inequality ¢ # I means that pxg # [xg for some xg € Q,
xo # 0, that is (¢xg + x0) # 0, (¢ +€)xg # 0 and ¢ + ¢ # 0.

An operation A of the form A(z,y) = ax + by (mod n), n > 3, a,b # 0, is a
T-quasigroup if and only if the numbers a, b modulo n are relatively prime to n. In
this case ¢ = Lg, ¥ = Ly, where L,z = ax (mod n), x € Q ={0,1,2,...,n — 1}, are
permutations (automorphisms of the additive group modulo n). Note that since the
elements a, b modulo n are relatively prime to n, then they are invertible and belong
to the multiplicative group of the residue-class ring (mod n). This multiplicative
group consists of all numbers from 1 to n — 1 relatively prime to n. In this case
L'z = L, 1z (mod n). Taking into account that I = L,,_; for such quasigroups
we have

Corollary 4. A T-quasigroup (Q,A): A(z,y) = ax + by (mod n) is a DC-qua-
sigroup if and only if a,b #n —1, a # b and a # b~ or a® # n —1 (mod n).

The following theorem gives some information about the spectrum of
DC-T-quasigroups.

Theorem 8. For any n > 5, n # 6, there exists a DC-T-quasigroup of order n.

Proof. Consider a T-quasigroup (Q, A) with A(x,y) = = + ky (mod n) of order n,
n > 5, n # 6, such that the greatest common divisor (n,k) is equal to 1 (that is
(n,k)=1),k#1,n—1, where 1-x = x (mod n). It is easy to see that for any finite
n > 5, n # 6 the required number k exists. For this quasigroup a = 1, b = k(mod
n). Check the conditions of Corollary 4: 1,k #n —1 (mod n), k # 1 and 1 # k!
(mod n). Thus, by Corollary 4 all conjugates of the quasigroup (@, A) are different
and it is a DC-T-quasigroup. O

Note that among T-quasigroups (@, A): A(x,y) = ax+by (mod 4) or A(z,y) =
az+by (mod 6) there are not DC-quasigroups. That follows if we take into account
Corollary 4 and that the numbers a,b modulo n are relatively prime to n.

Example 2. Find the conjugates of the DC-T-quasigroup (Q, A) with A(z,y) =
x + 2y (mod 5) of order 5, taking into account the form of conjugates of a
T-quasigroup:

54(33,2/) =Yr+toy=2x+y (mOd 5)7

Az, y) = vy — px) = Ly-1(y — x)= 3y — 3z (mod 5)=2x+3y (mod 5),

U(x,y) = o~z —1py) = 2 — 2y(mod 5)=x+3y (mod 5),

"U(x,y) =y @ — py) = Ly-1x — Ly-1y = 3z — 3y (mod 5)= 3z + 2y (mod 5),

MA(z,y) = ¢ (y — ¢x) = —22 + y (mod 5) = 3x+y (mod 5).

Recall that a quasigroup (Q, A) is called totally conjugate orthogonal (near to-
tally conjugate orthogonal), shortly, a totCO-quasigroup [5] (near totCO-quasigroup,
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respectively [11]) if all six its conjugates (five of its conjugates) are pairwise orthogo-
nal. It is evident that these quasigroups are DC-quasigroups if to take into account
that in an orthogonal system all quasigroups are different. In [5] it was proved
that for any number n which is relatively prime to 2, 3, 5 and 7 there exists a
totC'O-quasigroup (moreover, a T-quasigroup) of order n.

Note that loops (moreover, quasigroups with right or left identity) and
I P-quasigroups can not be totCO-quasigroups. That follows, for example, from
Proposition 3 of [4] where impossibility of orthogonality of some conjugates for
these quasigroups is proved.
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