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ABSTRACT. Some fundamental properties of right Cheban loop are
established in the present study in relation to the autotopism of right
Cheban loop. It is found that the autotopism is a right pseudo-
automorphism with companion c = uv̇u−1. The autotopism and
pseudo-automorphism are characterized in terms of the right and
left translation. Thus, necessary and sufficient conditions are es-
tablished for the Moufang part of right Cheban loops to be an au-
totopism and pseudo-automorphism with companion c = (x3)−1 ·
x−1x3. The study also describes the behaviour of the pseudo-automorphism
of the right Cheban loops on the nuclei and Moufang part of the right
Cheban loops.

1. INTRODUCTION

Let (Q) be a non-empty set. Define a binary operation (·) on Q. If
x · y ∈ Q for all x,y ∈ Q, then the pair (Q, ·) is called a groupoid. If the
system of equations:

a · x = b and y ·a = b

have unique solutions in Q for x and y respectively, then (Q, ·) is called
a quasigroup. A quasigroup is therefore an algebra having a binary
multiplication x · y usually written as xy which satisfies the conditions
that for any a,b in the quasigroup the equations:

a · x = b and y ·a = b
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have unique solutions for x and y. If there exist a unique element e ∈ Q
called the identity element such that for all x ∈ Q

x · e = e · x = x

(Q, ·) is called a loop. Let x be a fixed element in a groupoid (Q, ·). The
left and right translation maps of Q, Lx and Rx are respectively defined
by

yLx = x · y and yRx = y · x.

Some useful information about groupoids, quasigroups and loops can
be found in [1, 7, 10] A loop satisfying the identity

(z · yx)x = zx · xy (1)

is called a Right Cheban loop (RChL). Left Cheban loops on the other
hand are loops satisfying the mirror identity

x(xy · z) = yx · xz (2)

Loops that are both right and left Cheban are called Cheban loops.
Cheban loops can also be characterized as those loops that satisfy the
identity

x(xy · z) = (y · zx)x (3)

Right, left and Cheban loops are loops of the generalized Bol-Moufang
type. Both Left and Cheban loops were introduced by Cheban in [2].
He showed that Cheban loops are generalized Moufang loops. He also
gave an example of a left Cheban loop that was not Moufang. Phillips
and Shcherbacov in [9] also carried out a study on the structural prop-
erties of left and Cheban loops. They established that left Cheban loops
are left conjugacy closed (LCC). Furthermore, they proved that Cheban
loops are weak inverse property, power associative and conjugacy closed
loops. Construction of right Cheban loops of small order was given in
[3] and in [4], holomorph of right Cheban loops was study.
In the present study, we investigate the autotopism of right Cheban
loops. It is found that the autotopism is a right pseudo-automorphism
with companion c = uv̇u−1. The autotopism and pseudo-automorphism
are characterised in terms of the right and left translation. Thus, the
Moufang part of the right Cheban loops, the autotopism and pseudo-
automorphism with companion c= (x3)−1 ·x−1x3 are found to be equiv-
alent. The study also describes the behaviour of pseudo-automorphism
of the right Cheban loops on nuclei and Moufang part of the right
Cheban loops.
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2. PRELIMINARIES

In this section, we give definitions of terminologies used throughout this
study and some previous results used in the body of this work.

Definition 2.1. A loop (Q, ·) is called a left inverse property loop if it
satisfies the left inverse property (LIP) given by: xλ (xy) = y.

Definition 2.2. A loop (Q, ·) is called a right inverse property loop if it
satisfies the right inverse property (RIP) given by: (yx)xρ = y.

A loop is called an IP loop if it is both LIP-loop and RIP-loop.

Definition 2.3. A loop (G, ·) is called an automorphic inverse property
loop if it satisfies the automorphic inverse identity given by (xy)−1 =
x−1y−1.

Definition 2.4. A triple (U,V,W ) of bijections from a set G onto a set
H is called an isotopism of a groupoid (G, ·) onto groupoid (H,◦) pro-
vided xU ◦ yV = (xy)W for all x,y ∈ G. (H,◦) is then called an isotope
of (G, ·), and groupoids (G, ·) and (H,◦) are said to be isotopic to each
other.
An isotopism of (G, ·) onto (G, ·) is called an autotopism of (G, ·).

Definition 2.5. A bijection U on G is called a right pseudo-automorphism
of a quasigroup (G, ·) if there exists at least one element c ∈ G such that

xU · (yU · c) = (xy)U · c f or all x,y ∈ G.

The element c is then called a companion of U.

Definition 2.6. The left nucleus of (Q, ·) denoted by
Nλ (Q, ·) = {a ∈ Q : a · xy = ax · y ∀ x,y ∈ Q}

The right nucleus of (Q, ·) denoted by
Nρ(Q, ·) = {a ∈ Q : xy ·a = x · ya ∀ x,y ∈ Q}

The middle nucleus of (Q, ·) denoted by
Nµ(Q, ·) = {a ∈ Q : xa · y = x ·ay ∀ x,y ∈ Q}

The nucleus of (Q, ·) denoted by
N(Q, ·) = Nλ (Q, ·)

⋂
Nρ(Q, ·)

⋂
Nµ(Q, ·)

The centrum of (Q, ·) denoted by
C(Q, ·) = {a ∈ G : ax = xa ∀ x ∈ G}

The center of (Q, ·) denoted by
Z(Q, ·) = N(Q, ·)

⋂
C(Q, ·)
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Definition 2.7. A Moufang loop is a loop that satisfies the identity

xy · zx = (x · yz)x (4)

Definition 2.8. Moufang part M(Q) of a loop (Q, ·) is defined by

M(Q) = {x ∈ Q|(x · yx)z = x(y · xz) ∀ y,z ∈ Q} (5)

Theorem 2.1 ([5]). Let (Q, ·) be a RChL that satisfies automorphic in-
verse property (AIP) then (R−1

x ,RxL−1
x ,R−1

x ) is an autotopism for all
x ∈ (Q, ·).

Theorem 2.2 ([5]). For a right Cheban loop (Q, ·), xλ = xρ = x−1

Corollary 2.1 ([5]). If (Q, ·) is a RChL, then x2 · x = x · x2 = x3 = xxx.

3. MAIN RESULTS

The heart of the matter is to state without proof the following:

Theorem 3.1. Let (U,V,W ) be an autotopism of RChL (Q, ·) and u−1 =
1U and 1V = v then A =URu is a right pseudo-automorphism of (Q, ·)
with companion c = u · vu−1

Proof. lf (U,V,W ) is an autotopism of RChL (Q, ·) with identity I and
IU = u−1 and IV = v then by Theorem 2.1, (Ru,R−1

u Lu,Ru) is an auto-
topism of (Q, ·) and so is the product

(A,B,C) = (U,V,W )(Ru,R−1
u Lu,Ru)

Then, A =URu,B =V R−1
u Lu,C =WRu Applying (A,B,C) to the prod-

uct of a,b ∈ Q,we have
aA · bB = (ab)C With a = 1, we obtain 1A = 1URu = u−1Ru = 1 and
bB = bC or B =C = 1V R−1

u Lu with b = 1 we get aA ·1B = aB, where
1B = 1V R−1

u Lu = u · vu−1 then, aA ·1B = aA ·u · vu−1 = aARu · vu−1

Then, autotopism (A,B,C) now has the form (URu,URuRu·vu−1,URuRu·vu−1)
which means that A = URu is the right pseudo-automorphism with
companion c = u · vu−1. □

Remark 3.1. Theorem 3.1 shows that every autotopism of a RChL can
be expressed as a product of an autotopism of the type appearing in the
definition 2.4

Theorem 3.2. If (Q, ·) is a RChL, the following statement are equiva-
lent:
(i) x ∈ M(Q), Moufang part of Q,
(ii) (Lx3,R−1

x ,RxLx) is an autotopism of (Q, ·)
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(iii) Lx3R−1
x3 is a pseudo-automorphism of (Q, ·) with companion c =

(x3)−1 · x−1x3

Proof. Assume (i), then from (5)

(x · yx)z = x(y · xz)
For all y,z ∈ Q. Let y = x−1 and we get xz = x(x−1 · xz) for all z ∈ Q
So, x−1 · xz = z for all z ∈ Q and LxLx−1 = 1
Consequently, L−1

x = Lx−1 and Pre-multiplying both sides by L−1
x , we

obtain L−1
x Lx−1 = 1

That is,
x · x−1z = z (6)

For all z ∈ Q. Replacing z by x−1z in (5) and using (6)
We have,

(x · yx)(x−1z) = x[y(x · x−1z)] = x · yz
for all y,z ∈ Q

So, α =(RxLx,L−1
x ,Lx) is an autotopism of (Q·). So β =(Rx,R−1

x Lx,Rx)

βα = (Rx,R−1
x Lx,Rx)α

is an autotopism of (Q·). Thus,

βα = (Rx,R−1
x Lx,Rx)(RxLx,L−1

x ,Lx)

= (RxRxLx,R−1
x ,RxLx) (7)

If the autotopism in equation (7) acts on the product ab we have,
aRxRxLx ·bR−1

x = (ab)RxLx for all a,b ∈ Q
For a = 1 we have,

(x · x2) ·bR−1
x = bRxLx =⇒ (x3) ·bR−1

x = bRxLx (By Corollary 2.1)

bR−1
x Lx3 = bRxLx

R−1
x Lx3 = RxLx

RxR−1
x Lx3 = RxRxLx(Pre-multiply by Rx).

Lx3 = RxRxLx (8)
Putting (8) into (7) we have,

βα = (Lx3 ,R−1
x ,RxLx) = (RxRxLx,R−1

x ,RxLx)

Now, assume (ii) then we show that (ii) =⇒ (i)
Let the autotopism in (ii) act on ab

α = (Rx,R−1
x Lx,Rx)
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α
−1 = (R−1

x ,L−1
x Rx,R−1

x )

α
−1

βα = (R−1
x ,L−1

x Rx,R−1
x )(Lx3 ,R−1

x ,RxLx)

= (R−1
x ,L−1

x Rx,R−1
x )(RxRxLx,R−1

x ,RxLx) by (8)

= (RxLx,L−1
x ,Lx) ∈ AUT (Q·) (9)

If the last autotopism takes on the product ab as an argument, we have:

aRxLx ·bL−1
x = (ab)Lx =⇒ (x ·ax)bL−1

x = x ·ab

(x ·ax)b = x(a ·bLx) (setting b = bLx)

=⇒ (x ·ax)b = x(a ·bx) =⇒ x ∈ M(Q).

(ii) ⇐⇒ (iii)
Suppose (ii) holds, that is,

(Lx3 ,R−1
x ,RxLx) ∈ AUT (Q·)

then
1Lx3 = x3

1R−1
x = 1/x

But (1/x)x = 1 =⇒ 1/x = xρ = xλ = x−1 ( By Theorem 2.2)
Therefore,

1R−1
x = 1/x = xρ = xλ = x−1.

Hence, by applying Theorem (3.1), with u−1 = x3 and v = x−1 we have
that
(Lx3 ,R−1

x ,RxLx) ∈ AUT (Q·) if and only if A = Lx3R(x3)−1 is a pseudo-
automorphism of (Q·) with companion c = (x3)−1 · x−1x3 □

Theorem 3.3. Let (Q, ·) be a RChL, for each pseudo-automorphism P
of (Q, ·) Nλ P = Nλ , NρP = Nρ and P is an automorphism on Nλ and
Nρ . Infact, aP · xP = (ax)P and xP · bP = (xb)P for all a ∈ Nλ ,b ∈
Nρ and x ∈ Q.

Proof. Let c be a companion for the pseudo-automorphism P. For a ∈
Nλ and x,y ∈ Q,

aP · [xP · (yP · c)] = aP · [(xy)P · c]
(a · xy)P · c = (ax · y)P · c = (ax)P · yP · c

aP · [xP · yP · c] = (ax)P · (yP · c) (10)
For all a ∈ Nλ and all x,y ∈ Q.
Setting y = (c−1)P−1 in (10) we have,

aP · [xP · (c−1)P−1P · c] = (ax)P · (c−1)P−1P · c
aP · xP = (ax)P (11)
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For all a ∈ Nλ and all x ∈ Q, using (11) and (10) we get,

aP · [xP · (yP.c)] = (ax)P · (yP · c) (12)

aP · xP = (ax)P (13)
using (13) in (12) we have,

aP · [xP · (yP·)] = [(aP · xP)(yP · c)] (14)

The last equation (14) implies that aP ∈ Nλ ,but aP is an arbitrary el-
ement in Nλ P therefore, aP ∈ Nλ P ⊆ Nλ . The fact that P−1 is also a
pseudo-automorphism implies that Nλ P−1 is also a pseudo-automorphism
and Nλ PP−1 ⊆ Nλ P−1 This implies that ,

Nλ ⊆ Nλ P−1 (15)

Setting P = P−1 in (12) we have,

aP−1 · [xP−1 · (yP−1 · c)] = (aP−1 · xP−1)(yP−1 · c) (16)

But ((14)) implies that aP−1 ∈ Nλ which implies that

Nλ P−1 ⊆ Nλ (17)

Combining (15) and (17) we have, Nλ = Nλ P−1 =⇒ Nλ P = Nλ which
is the required result.
Similarly, we can proof that NρP = Nρ .
Since, Nρ = Nµ so we have,

(xb · y)P · c = xP · (by)P · c
(xb)P · (yP · c) = xP · [bP · .(yP · c)]. (18)

Setting, (c−1)P−1

(xb)P · (c−1P−1P · c) = xP · [bP · (c−1)P−1P · c]
(xb)P = xP ·bP. (19)

Using (19) in (18) we have ,

[xP ·bP](yP · c) = xP · [bP · (yP · c)] (20)

The last equation (20) implies that bP ∈ Nρ but bP is an arbitrary ele-
ment in NρP. Therefore, bP ∈ NρP ⊆ Nρ . The fact that P−1 is also a
pseudo-automorphism follows that NρP−1 is also a pseudo-automorphism
and Nρ PP−1 ⊆ NρP−1. This implies that

Nρ ⊆ NρP−1 (21)

Setting P = P−1 in 18 we have,

(xb)P−1 · (yP−1 · c) = xP−1 · [bP−1 · .(yP−1 · c)] (22)
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But (20) implies that bP−1 ∈ Nρ which implies that

NρP−1 ⊆ Nρ (23)

Combining (21) and (23) we have, Nρ = NρP−1 =⇒ NρP = Nρ which
is the required result. □

Remark 3.2. Theorem 3.3 describes the behaviour of pseudo-automorphism
on nuclei and Moufang part of a RChL.

ACKNOWLEDGEMENTS

The author would like to thank the anonymous referee whose comments
improved the original version of this manuscript.

REFERENCES
[1] Bruck, R. H., Contributions to the theory of loops, Trans. Amer. Soc. 55 (1944), 245-354.
[2] Cheban, A.M., Loops with identity of length four and of rank three II(Russian), General

Algebra and Discrete Geometry 164, (1980), 117-120
[3] Chinaka A.I., Abdulkareem, A.O., and Adeniran, O.J. (2022). Construction of Cheban

loops of small order. Generalized Lie theory and applications. 16(5), 1–6.
https://www.hilarispublisher.com/open-access/construction-of-right-cheban-loops-of-small-
order.pdf

[4] Chinaka A.I., Abdulkareem, A.O. Adeniran, J.O. (2023). Holomorph of right Cheban loops.
ROMAI Journal. 19(2), 1–12.
https://rj.romai.ro/arhiva/2023/2/Chinaka.pdf

[5] Chinaka, A.I., Osoba, B., Abdulkareem, A.O., Oyebo, Y.T., and Adeniran, O.J. On the
Bryant-Schneider group of right Cheban loops, Kragujevac Journal of Mathematics.(Submitted)

[6] Cote, B., Harvill, B., Huhn, M. and Kirchman, A., Classification of loops of generalized
Bol-Moufang type, Quasigroups and Related Systems, 19 (2011), 193 - 206.

[7] Pflugfelder, H. O., Quasigroups and Loops: Introduction, Sigma series in Pure Math. 7,
Heldermann Verlag, Berlin, (1990).

[8] Phillips, J. D. and Vojtechovsky, P., The varieties of loops of Bol-Moufang type, Algebra
univers., 54 (2005): 259–271. doi:10.1007/s00012-005-1941-1.

[9] Philips J.D. and Shcherbacov V.A., Cheban Loops, Journal of Generalized Lie Theory and
Applications, 4 (2010), 5 pp.

[10] Solarin, A.R.T., Adeniran, J.O., Jaiyeola, T.G., Isere, A.O. and Oyebo, Y.T., Some Varieties
of Loops (Bol-Moufang and non-Bol-Moufang Types). In: Hounkonnou, M.N., Mitrović,
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