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Abstract

In this paper we introduce and study Hom-type bimodules of some Hom-algebraic structures endowed with
Rota-Baxter relations. We introduce bimodules over Homassociative Rota-Baxter algebras and give their various
twisting and their connection with bimodules over Hom-preLie algebras. Then we introduce Rota-Baxter g- Hom-
tridendriform algebras. Next we express axioms defining g-Hom-tridendriform algebras by mean of vector basis.
Moreover we introduce bimodules over g-Homtridendriform algebras and give some examples, and prove that they
are closed by twisting. Finally we give their connection with Hom-associative Rota-Baxter bimodules.
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Introduction

Rota-Baxter operators have appeared in a wide range of areas in
pure and applied mathematics. The paradigmatic example of a Rota-
Baxter operator concerns the integration by parts formula. Rota-
Baxter algebras find their application in probability and the study of
fluctuation theory [1], combinatorics [2,3], quantum field theory [4],
Lie algebra theory [5,6]. It is shown that the Rota-Baxter identity can be
significant in the construc-tion of Frobenius manifolds inherent to the
integrable systems of hydrodynamic type [7]. They are closly related to
dendriform algebra [8] which were introduced by Loday. Dendriform
algebras have two binary operations, which dichotomize an associative
multiplication. The motivation to introduce these algebraic structures
comes from K-theory. Dendriform algebras are connected to several
areas in mathematics and physics, including Hopf algebras, homotopy
Gerstenhaber algebra, operads, homology, combinatorics, and
quantum field theory, where they occur in the theory of renormalization
of Connes and Kreimer. Rota-Baxter algebras are related to dendriform
algebras via a pair of adjoint functors [9,10]. Roughly speaking, Rota-
Baxter algebras are to dendriform algebras as associative algebras
are to Lie algebras. q-tridendriform algebras are introduced [11] as
an algebraic structure with three operations containing dendriform
algebras and tridendriform algebras as particular cases. The author
studied tridendriform algebra structures of the space of parking
fonctions and and of the space of multipermutations. Tridendriform
bialgebras was also studied by the author.

Hom-algebra structures first arose in quasi-deformations of Lie
algebras of vector fields. Discrete modifications of vector fields via
twisted derivations lead to Hom-Lie and quasi-Hom-Lie structures,
in which the Jacobi condition is twisted. Other interesting Hom-type
algebraic structures of many classical structures were studied as Hom-
associative algebras, Hom-Lie admissible algebras and more general
G-Hom-associative algebras [12], n-ary Hom-Nambu-Lie algebras
[13], Hom-Lie admissible Hom-coalgebras and Hom-Hopf algebras
[14], Hom-alternative algebras, Hom-Malcev algebras and Hom-
Jordan algebras [15], L-modules, L-comodules and Hom-Lie quasi-
bialgebras [16], Laplacian of Hom-Lie quasi-bialgebras [17].

Hom-algebraic structures were extended to the case of G-graded
Lie algebras by study-ing Hom-Lie superalgebras, Hom-Lie admissible
superalgebras [18], color Hom-Lie al-gebras [19], color Hom-Lie

bialgebras and color Hom-Poisson bialgebras [20] and color Hom-
Poisson algebras. Color Hom-Poisson algebras were introduced [21]
as generalization of Hom-Poisson algebras [12]. The generalized left-
Hom-symmetric algebras and generalized Hom-dendriform algebras
as well as the corresponding modules are studied [22]. It is also proved
that any generalized Hom-dialgebras give rise to generalized Hom-
Leibniz-Poisson algebras and generalized Hom-Poisson dialgebras.

The aim of this paper is to introduce bimodules over some Hom-
algebraic structures endowed with Rota-Baxter relations. The paper is
organized as follows. In section one, we recall basic notions related to
modules over Hom-associative and Hom-Lie algebras. Section two is
devoted to Rota-Baxter bimodules over Hom-associative Rota-Baxter
algebras and their connection with bimodules over Hom-preLie
algebras. In section three we introduce q-Hom-tridendriform Rota-
Baxter algebras. Most of the results (the varoius twisting) on q-Hom-
tridendriform algebras are obviously analogs for Hom-tridendriform
algebras and the proofs are identical nearly, so we omit them. We
express axioms difining q-Hom-tridendriform algebras by mean of
vector basis, which may be very usefull in the classification setting. In
section four introduce bimodules theory for q-Hom-tridendriform
algebra and we prove the commutativity of the following diagram

HARBM — — HAM
\ *
q—HTDM <« HDM

where HARBM denote the category of Hom-associative Rota-Baxter
bimodules, -HTDM denote the category of q-Hom-tridendriform
bimodules, HDM denote the category of Hom-dendriform bimodules
and HAM denote the category of Hom-associative bimodules.

All vector spaces considered are supposed to be over fields of
characteristics different from 2.
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Preliminaries

In this section, we recall basic definitions of Rota-Baxter Hom-
associative algebras and modules over Hom-Lie algebras.

Definition 1.1: [23] A Hom-associative algebra is a triple (A,s, )
consisting of a linear space A, a K-bilinear map - : A XxA>A and a linear
space map « : A->A satisfying

a(x)-(y-z)=(x-y)-a(z) (Hom-associativity). (1)

If in addition a satisfies

a(x-y)=a(x)-a(y) (multiplicativity), (2)
then (4,s, a) is said to be multiplicative.

When (x=IdA, (A,s, IdA), simply denoted (4,s), is an associative
algebra.

Example 1.1: Let {e e e} be a basis of a 3-dimensional vector
space A over K. The following multiplication « and map on A define a

Homb-associative algebra [24]:
e e =e€, e-e=e-e =e;3. (3)

a(el) =ajep +azes, a(62) = bl€2 +b2€3, 0(63) =cjep +cpes.
Where a,a,b,b,c,c,are parameters in K.

Definition 1.2: A Hom-associative Rota-Baxter algebra of weight
\ € K is a Hom-associative algebra (A,s, «) together with a linear self-
map R: A>A that satisfies the identity[25]

a°R = R°a, (4)
R(x)-R(») = R(x-R(y) + R(x)- y + Ax - y). (5)

If in addition commutes with e, we say that (A,,, &,R) is a
multiplicative Hom-associative Rota-Baxter algebra of weight A.

Definition 1.3: A Hom-Lie algebra is a triple (L,[e,+],) consisting
of a linear space L, a bilinear map [s,¢]:L XL>L and a linear space « :
L~L satisfying [26]

[x,y]=—{y,x] (skew-symmetry) (6)

[a(x),[y, 211 +[a(¥)[z, 1] +[a(2),[x, y]1=0  (Hom-Jacobi identity) (7)
When a: Id,, we obtain the definition of Lie algebras.

Lemma 1.1: Let (A,., a,R) be a multiplicative Hom-associative
Rota-Baxter algebra of weight A and 5: A>A be a morphism. Then
Apg =(4,-p = >, f°a,R) is also a multiplicative Hom-associative Rota-
Baxter algebra of weight A [25].

We have a similar conclusion for Hom-Lie algebras.

Now we define modules over Hom-associative and Hom-Lie
algebras.

Definition 1.4: A Hom-module is a pair (M,f) in which M is a
K-vector space and : M>M is a linear map [27].

Definition 1.5: Let (A,s,a) be a Hom-associative algebra and (M,)
be a Hom-module. A (left) A-module structure on M consists of a
K-bilinear = 4 ® M — M such that [28]

Bx=m)=a(x) > f(m) (8)

a(x) = (y=m)=(x-y) > p(m) )
Definition 1.6: Let (L,[s,o],) be a Hom-Lie algebra and (M)

be a Hom-module. An L-module on M consists of a K-bilinear
= L ® M — M such that for any m € M,x,y € L, [27]

Bx = m)=a(x) > f(m). (10)
[x, y]>= B(m) = a(x) = (y = m) —a(y) = (x = m) (11)

When f: Id,, and a: Id,, we recover the definition of Lie modules
[19].

The following result shows that A-modules extend to L(A)-modules
for the same module structure map.

Lemma 1.2: Let (A,+,&) be a Hom-associative algebraand (M, >, B)
be an A-module. Then M is an L(A)-module for the structure map

> . [16]
Bimodules Over Hom-associative Rota-Baxter and
Hom-pre Lie algebras

In this section we introduce bimodules over Hom-associative Rota-
Baxter algebras. We give their various twisting and their connection
with bimodules over Hom-preLie algebras.

Definition 2.1: Let (A,», a,R) be a Hom-associative Rota-Baxter
algebra of weight and let (M,3) be a Hom-module. A Hom-associative
Rota-Baxter bimodule structure on M consists of:

Aleft A-action = A®M - M(x®mr> x =m),
Aright A-action, <M ® 4 > M(m®x+>m=<x),and
A Rota-Baxter operator R, : M>M of weight A

such that the following conditions hold for x,y € Aand m € M

B(x = m)=a(x) > f(m), (12)
B(m < x) = p(m) < a(x), (13)
a(x) = (y = m) = (x-y) > p(m), (14)
(m>x)<a(y)=p(m)<(x-y), (15)
a(x)=(m=<y)=x>m)<a(y), (16)
and

Ry °B = PRy (17)

R(x) = Ry (m) = Ry (R(x) = m + x = Ry, (m) + Ax = m), (18)
Ry (m) < R(x) = Ry (Ry (m) < x +m < R(x) + Am < x). (19)

The quintuple (M,=<,>,B,Ryr)is then called the Hom-associative
Rota-Baxter bimodule of weight over the Hom-associative Rota-Baxter
algebra A.

Remark 2.1: We have a similar definition for modules over Hom-
Lie Rota-Baxter algebras.

The following result is an extension of Lemma 2.5 [29]. It asserts
that bimodules over Hom-associative Rota-Baxter algebras are stable
under twisting.

Theorem 2.1: Let (M,<,>,a),R;;) be a Hom-associative
Rota-Baxter bimodule over the Hom-associative Rota-Baxter algebra
(A,e,a,R) and be an endomorphism of A. Let, >, A®M — M and
<q:M ® A— M be bilinear maps defined by

=P =@ ®Idyy) and <, =<°(ldy ® ).

Then (M,<,.>4,2p,Ry) is a Hom-associative Rota-Baxter
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bimodule of weight A over (4,5,8°,R) |

Proof: We prove the compatibility condition (16). For any x,y € A,
m € M, one has

a(x) =g (M= y)=a(x) = (m=< & (1) = (x) = (m< &> (»)
=(@?(x) = m) < & (9) = (x =y M) < ().
And
R(x) g Ryg (m) = R(@®(x)) = Ryg (m) = Rpg (R(@2 () = m + a2 (x) = R(m) + Aa® (x) = m)
=Ry (R(x) =g M+ X =g R(m)+ Ax =y m)

The others relations are proved similarly, and Lemma 1.1 finishes
the proof.

We have the below consequences.

Corollary 2.1: Let (M.<.-a),Ry)be a Hom-associative Rota-
Baxter bimodule of weight A over the multiplicative Hom-associative
Rota-Baxter algebra (A,s,a,R). Then (M,<,>,a,,,R),) is a Hom-
associative Rota-Baxter bimodule of weight over (4,a"°-,a"*!,R) for
any entiger n = 0.

Corollary 2.2: Let (M,=<,>,a,,,R;;) be a Hom-associative Rota-
Baxter bimodule of weight A over the associative Rota-Baxter algebra
(A,s,a) and be an endomorphism of A. Then (M ,<,>,a,;,Rys) is a
Hom-associative Rota-Baxter bimodule of weight over the multi-
plicative Hom-associative Rota-Baxter algebra (4,a°,c,R) .

Corollary 2.3: Any Hom-associative Rota-Baxter (left) module
over a Hom-associative Rota-Baxter algebra A is a Hom-Lie Rota-
Baxter (left) module over the Hom-Lie Rota-Baxter algebra associated
to A.

Proof: It follows from Lemma 1.2 and Theorem 2.1.

Example 2.1: Any multiplicative Hom-associative Rota-Baxter
algebra is a module over itself.

The below theorem shows that Hom-Lie Rota-Baxter modules over
Hom-Lie Rota-Baxter algebra are closed under twisting.

Theorem 2.2: Let (M,>,,R);) be a Hom-Lie Rota-Baxter (left)
module of weight on the multiplicative Hom-Lie Rota-Baxter algebra
(L,[-,-],a,R). Then (M, -p=~(a®Idy), 5, Ryr) is another Hom-Lie
Rota-Baxter (left) module on the Hom-Lie Rota-Baxter algebra L.

Proof: First, for any x,y € L, m € M one has
Bl =5 m) = Bla(x) = m) = a?(x) = f(m) = a(x) =5 (m).
Then,
[, y1>5 B(m) = a([x,y]) = B(m) =[a(x),a(y)] = B(m)
=a’(x) - (a(y) = m) =& () = (a(x) =)
=a(x) >5 (6% ~p m)—a(y) >5 (x ~p m).
Finally,
R(x) =5 Ry (m) = a(R(x)) = Ry (m) = R(a(x)) = Ry (m)
=Ry (R(a(x)) = m+ a(x) = Ry (m) + Aa(x) = m)
= Ry (@(R(x)) = m+ a(x) = R(m) + Aa(x) = m)
=Ry (R(x) =g m+x>g Ry (m)+Ax >p m).

This completes the proof.

Corollary 2.4: Let (A,e,a,R) be a multiplicative Hom-associative
Rota-Baxter algebra and (M,>,S,R),) be a Hom-associative Rota-
Baxter (left) module over A . Then (M =g B,Ry) is a (leftymodule
over the Hom-Lie Rota-Baxter algebra associated to A as in Lemma 2.4.

Corollary 2.5: Let (M,>ﬂ,,B,RM) be a Hom-Lie (left) module
of weight A over the multiplicative Hom-Lie Rota-Baxter algebra
L, =(L,[-,-], =a°[-,-).@) . Then (M,>g,B,Ry) isanother Hom-
Lie Rota-Baxter (left) module over L .

The rest of this section is dedicated to bimodules over Hom-preLie
algebra from Hom-associative Rota-Baxter bimodules.

Definition 2.2: A non-associative algebra S with the linear map a:
S-S and the multiplication (x,») > x- ¥ is called Hom-preLie algebra
if the following Hom-preLie identity is satisfied [29]

(x-y)-a(z)-a(x)-(y-2)=(y-x)-a(z) -a(y)-(x-2), (20)
forall x,y,z € S.

Definition2.3: Let (S,°, ) beaHom-preLiealgebra. AnS-bimodule
isavector space M endowed withalinear map 8:M-M, two bilinear maps
—=SOM >M,x®mr>x>m and <MOS->M mOx—>m=<x
,such that g(x = m) = a(x) = S(m), f(m < x) = f(m) < a(x)

and
a(x) = (y=m)=(x-y) = f(m)—a(y) = (x = m)+(y-x) = f(m) =0, (21)
a(x)=(m=<y)—(x=m)<a(y)-pm)<(x-y)+(m=<x)<a(y)=0. (22)

Lemma 2.1: Let (A,*a) be a Hom-associative Rota-Baxter algebra
weight 0. We define the operation on A by [22]

x*y=R(x)-y=y-R(x).
Then (A,*«) is a Hom-preLie algebra.

Theorem 2.3: Let (M,=<,>,S,R;,) be a Hom-associative Rota-
BaxterbimoduleovertheHom-associativeRota-Baxteralgebra(A,s,a,R).
AOM > M and <M ®A4—>M by
x>m=R(x)>m-m=<R(x)and m<x=R(x)>m—m=R(x).

Define two bilinear maps

Then (M,<,>,f)is a bimodule over the Hom-preLie algebra
(A, *a) associated to A.

Proof: For any x,y € A, m € M, one has

a(x)> (> m)=a(x) > (R(x) > m—m= R(x)
= R(a(x)) = (R(y) = m—m < R(»)) = (R(y) = m—m < R(3)) < R(a(x))
= R(a(x)) = (R(y) = m) = R(a(x)) = (m < R(y))
—(R(y) = m) < R(a(x)) +(m=< R(»)) < R(a(x))
=a(R(x)) = (R(y) = m)—a(R(x)) = (m < R(»))
=(R(y) = m) < a(R(x))+(m =< R(y)) < a(R(x)).

(x*y)> B(m) =(R(x)- y = y- R(x)) > B(m)
=R(R(x)-y=y-R(x)) > f(m) - f(m) < R(R(x)-y - y- R(x)
=R(R(x)-y) > B(m) = R(y- R(x)) > B(m)
= B(m) < R(R(x)- y)+ B(m) < R(y - R(x)).

Then,

a(x)> (y>m)=(x*y)> fm)—a(y)> (x> m)+(y*x) > f(m) =
=a(R(x)) = (R(y) = m)—a(R(x)) = (m < R(y)) = (R(y) = m) < a(R(x)) + (m < R(y)) < a(R(x))
—R(R(x)-y) > B(m)+R(y-R(x)) > B(m)+ f(m) < R(R(x)- y) = B(m) < R(y- R(x))
—a(R(p)) = (R(x) = m)+a(R(y)) = (m =< R(x))+ (R(x) = m) < a(R(y)) + (m < R(x)) < a(R(y))
+R(R(y)-x) > B(m)+ R(x-R(p)) > B(m)+ B(m) < R(R(y)-x)— B(m) < R(x-R(y))
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a(x) > (y > m)=(x*y) > f(m)—a(y) > (x> m)+(y*x) > f(m) =
a(R(x)) = (R(y) = m) = a(R(x)) = (m < R()) = (R(y) = m) < a(R(x)) + (m < R(y)) < a(R(x))
—(R(x)-R()) = B(m) + (R(y)- R(x)) > B(m) + B(m) < (R(x)- R(y)) = B(m) < (R(y)- R(x))
—a(R()) = (R(x) = m) + a(R(y)) = (m < R(x)) + (R(x) = m) < a(R(y)) + (m < R(x)) < a(R(y))
=0.

The second relation is proved analogously.

Proposition 2.1: Let (L,[-,-],a,R) be a Hom-Lie Rota-Baxter algebra
(of weight 0) and (M,>, f) be the sub-adjacent Hom-Lie module. Let
>: L ® M — M be a bilinear map defined by x > m = R(x) > m.

Then (M,>,f)is a (left) module over the Hom-preLie algebra
(L[--TPR®Id),a) -
Proof: For any x,y € A, m € M, one has

a(x)> (y>m)=(x-y) > f(m)—a(y) > (x>m)+(y-x)> f(m) =
=a(x) > (R(y) » m)=[R(x), y] = B(m) = a(y) > (R(x) = m) +[R(y), x] > B(m)
= R(a(x)) > (R(y) = m) = R([R(x), ¥]) > B(m) = R(a(y)) = (R(x) > m) + R([R(y), x]) > B(m)
=a(R()) > (R(y) = m) - a(R() = (R(x) = m) —~ R(IR(), y) + R([x. R()]) > B(m)
=[R(x), R(y)] > B(m) =[R(x), R(y)] > B(m) =0.

This finishes the proof.

Lemma 2.2: Let (A,o,a,R) be a Hom-associative Rota-Baxter
algebra of weight 1. We define the operation on A by [30]

x*y=R(x)-y—y-R(x)—x-y (23)
Then (A,*«) is a Hom-preLie algebra.

Theorem 2.4: Let (M,<,>,[,R;,;)be a Hom-associative Rota-
Baxter bimodule of weight 1 over the Hom-associative Rota-Baxter
algebra (A,s,a,R) of weight 1. Let us define bilinear maps .

x>m=R(x)>m-m=<R(x)—-x>m
m<Ax=Ry(m)<x—x>Ry(m)—m=<x

Then (M,<,>, ) is a bimodule over the Hom-preLie algebra of
Lemma 2.2.

Proof: The proof is similar to the one of Theorem 2.3.
Q-Hom-tridendriform Algebras

In this section, we introduce Rota-Baxter q-Hom-tridendriform
algebras. They espouse the most properties of Hom-tridendriform
algebras [31], so we omit them. Then we express axioms difining
q-Hom-tridendriform algebras by mean of vector basis.

Definition 3.1: Let q € K. A q-Hom-tridendriform algebra is a
quintuple (D,,l,-,&) consisting of a vector space D on which the
operations -,i,-: D ® D — D are bilinear maps and « : D->D is a linear
map satisfing:

Ay da@) =a@) A (yHz+yFz+qy-2), (24)
xFyHa@) =ax)F(y-2), (25)
a()F(Fz)=(xdy+xky+gx-y)Falz), (26)
(xAn)-az)=alx)-(yF2), 27)
(xEy)az)=a(x)F(y-2), (28)
(x-y)da(z)=a(x)-(y2), (29)
(x-y)-a@@)=a(x)(y-2), (30)
for x,,z € D.

It is clear that for any ¢=0, (D,4, ¢ ',a) turn to Hom-
tridendriform algebra when-ever (D, },,a) is a q-Hom-
tridendriform algebra.

Example 3.1: i) Any q-tridendriform algebra is a g-Hom-
tridendriform algebra with o = Id.

ii) A Hom-tridendriform algebra is q-Hom-tridendriform
algebra with q=1.

ili) Let (D,7F,,a)be a q-Hom-tridendriform algebra. Then,
for any parameters 1,0 € K,
D, =44 =1k, =1,a9 = 0x)

is also a q-Hom-tridendriform algebra.

Definition 3.2: A q-Hom-tridendriform algebra (D, -, a)
endowed with a linear map R: D->D satisfing

R°a =a’R (31)
R(x)4R(»)=R(x A R(»)+R(x)4y+Axy), (32)
R(xX)FR(y)=R(xFR(y)+R(x)Fy+Axty), (33)
R(x)-R(») = R(x- R(y)+ R(x)- y + Ax - y). (34)

is called q-Hom-tridendriform Rota-Baxter algebra of weight A€
K.

Remark 3.1: We have a similar definition for Hom-Poisson Rota-
Baxter algebra (with two binary operations) which is a Hom-Poisson
algebra endowed with a linear operator that commutes with the
twisting map and satisfies the Rota-Baxter relations for both associative
and Hom-Lie product. By a direct computation we can show that every
Hom-associative Rota-Baxter algebra has a non-commutative Hom-
Poisson Rota-Baxter algebra structure in which the Hom-Poisson
bracket is the commutator bracket. It is also easy to prove that Rota-
Baxter Poisson algebras turn to Hom-Poisson Rota-Baxter algebras by
twisting the Poisson Rota-Baxter algebra structure. By a straightforward
calculation, we may prove that any Hom-Lie Rota-Baxter algebra is a
Hom-Lie admissible Rota-Baxter algebra with the same twisting map
and Rota-Baxter operator.

Definition 3.3: Let (D,H,F,, @) be a g-Hom-tridendriform
algebra. A morphism of q-Hom-tridendriform algebra is a linear map
B: D->D such that

pea=a°f, PxAy)=px)AB»), Pxkx)=py)E LK), Plx-y)=px) B().
forany x,y D.

Definition 3.4: A q-Hom-tridendriform (D, }-,., ) in which is a
morphism is said to be a multiplicative g-Hom-tridendriform algebra.

Theorem 3.1: Let (A,o,a,R) be a Hom-associative Rota-Baxter
algebra of weight q. Then (4,,F,-, &) is a ¢-Hom-tridendriform Rota-
Baxter algebra (of weight q), wherex 4y =x-R(y),xF y=R(x)- y .

Proof: It is proved by a direct computation.

In what follows, we express by mean of vector basis the conditions
difining a finite dimensional q-Hom-tridendriform algebra
(D,,;,-,a) and the Rota-Baxter operator on it. Let {ei},izl,...,N be
basis of D. For any i,j EN,I< I, j < N, let us put

e e :a{;ek, gle; :bl-]jek, ¢-ej =cilj»ek and a(e) =al-jej.

Then we have the below conclusions.
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.Leinntu: 3.1: The axioms in Definition 3.1 are respectively (xF y) < B(m)=a(x) > (y <m), (47)
equivalent to

ax)>(yem)=(xdy+xty+gx-y)> f(m), (48)

“tgjalrcna% = aik“ﬁ“z;n +afb; ki + qa] s (35) d

(xAy) > p(m)=a(x) > (y>m), (49)

blak a/m =q; a]kb (36)

(xFy) = pm)=a(x)> (y = m), (50)

abb—aab +bab +cab, (37)

jkZIm k%lm k Oim +4q k “Im (x-y) < B(m) = a(x) = (y <m), (51)

l /
Ay iy = Bl (38) (x-3) = Bm) = a(x) = (y - m). (52)
ble'ch, =a c]kb,m, (39) (x<my<a()=a(x)<(may+mb>y+qm=<y), (53)
= 54
cuafial, = alalicln. (40) (x5 m) 2 @(y) = a(x) > (m <) (54)
I m I'm a(x)>(m>y)=(x<dm+x>m+qx>=m)>a(y), (55)

chagch, = a;c e, (41)

o (x<am) < a(y) =a() = (n> ), (56)
forany i, j k,I,mneN,1<i j kI mn<N.

Lemma 3.2: Let R be a Rota-Baxter operator of weight X on a (x>-m)<a(y)=alx)>(m=y), (57)
q-Hom-tridendriform algebra of dimension N. Then in terms of basis ) < B o (m< (58)
elements, relations (31)-(34) are respectively equivalent to the following (x=m) <a(y)=alx)>(may),

jaf _ a/rjk (42) (x>=m)y<a(y)=a(x)>m=<y). (59)

o ) (m %) a@(y) = Bom) <2 (x A+ x by gr ), (60)

rrak]—r alg’l +7; alkr, +/7.ay»r,:", (43) ) <t = ) (o) -
m>x)<a(y)=LFm)>(x-y),

) kyl kyl

by = b + b + Abyri, (44) Blm)> (xF y)=(m < x+m>x+qm=x)>a(y), (62)

rriely = g + rfcil” + A" (45) (m<x)< a(y) = Bm) < (xy), (63)

for any i, j,k,l,m,ne N,1<i, j,k,l,mn<N. (m>x)<a(y)=p(m)>(x-y), (64)

Theorem 3.2: The linear map R is a Rota-Baxter operator of weight (m=<x)<a(y)=pm)<(xy), (65)
A on an N-dimensional q-Hom-tridendriform algebra if, and only if, (m=<x)< a(y) = Bm) < (x- ). (66)

relations (35)-(45) hold.
q-Hom-tridendriform Bimodules

In this section, we introduce bimodules over g-Hom-tridendriform
algebras. We give some examples and prove that they are closed by
twisting. Then we give their connection with Hom-associative Rota-
Baxter bimodules.

Definition 4.1: Let (D,-,+, ) be a q-Hom-tridendriform
algebra. A D-bimodule is a vector space M together with a linear map
B:M — M and six bilinear maps

DOM > M

X@mi=>x>m

DM —>M
x®mb x<<m

DM —>M
x®mi=>x>=m

M®®D—>M
mx+—>m>x

MOD—>M
mx+—>m<x

M®D—>M
mx—>m=<x

such that

Blxam)=a(x)< p(m), P(m<x)=pm)<a(x), Px>m)=alx)>p(m),

Blmv>x)=pB(m)>a(x), Plx>m)=a(x)>=pm), fm=x)=pm)=<alx),

and

(xdAy)<pm)y=a(x)(y<m+y>m+qy > m), (46)

Remark 4.1: 1. When « = Id,, we get the definition of bimodule
over g-tridendriform algebra.

2. When - =<=>=0 , we
dendriform algebra [10].
c=<=>=0

recover bimodule over Hom-

3. When
dendriform algebra [2].

and « = Id,, we recover bimodule over

Example 4.1: a) Any q-Hom-tridendriform algebra is a bimodule
over itself.

b)  Let (My,<.>,4)and (M;.<5.>,,5,) be two bimodules over a
q-Hom-tridendriform algebra (D,-,-,- ). Then the direct product M =
M xM, is a bimodule over the q-Hom-tridendriform algebra D with
structuremaps ¢ \f ® 4 — M > > A® M — M andf:M->Mdefinedby
<(x, (my,mp)) = (< (x,my), < (%,m2)), > (x, (my,m3)) = (> (x,m1),>5 (x,m3))

and B(my,my) = (p(m), B> (my)).

The next result show that bimodules over a q-Hom-tridendriform
algebra give rise to twisted bimodules over the corresponding twisted
q-Hom-tridendriform algebra.

Theorem 4.1: Let (M, <,>,<,>) be a bimodule over agq-
tridendriform algebra (D,,},-) . Let o : D — D be a g-tridendriform
algebra endomorphism and g:M — M be a linear map such that
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Blx<am)=a(x)<fm), pm<x)=pm)<a(x), plx>m)=alx)>pim),
Blmex)=pm)>a(x), px>=m)=alx)=pm), Blm=x)=pm)=a(x).

Define

> DOM > M pDOM > M =g DOM —>M
x®@m> a(x)> B(m), x®@m> a(x) < B(m), x®@m> a(x) > pf(m)
>pM®D—>M pM®O®D > M =g M®D—->M

m® x> f(m)> a(x), m® x> f(m)<a(x), m® x> f(m) < a(x).

Then, (M ,< B8P p= 3> ) is a bimodule over the multiplicative

q-Hom-tridendriform  alge-bra D, =(D,<,,>,,,.2), where
<g=0° <y =a®>and o =&

Proof: The proof is based on the following two remarks:

First, observe that taking °®=-,- ore and © =<,< or, > the terms
occuring in Definition 4.1 may be written

(x°») O B(m), a(x)O(yOm), (xOm)Oa(y),
a(x)O(m0Oy), (mOx)0a(y), Am)O(x°y),
foranyx,y € D, m € M.

Next,

(x°4) © g B(m) = flec(x°y) © B(m)] = B*[(x°) O m],
a(x)© 5 (yO 5 m) = flax)© By Om)] = fx O (y O m)],
(xOpm)Og a(y)=ALAxOmM O a(y)]=(xOm) Oy,
a(x) @5 (MO g y) = fla(x)© fmO y) = FxO (MO y)l,
(mO 5 x)0 g a(y) = fLAMOX) Oa(y)]= X [(mOx) Oy,
Bm)© g (x°4 ¥) = BLAM O a(x°y) = f2[m O (x°Y)].

Thus, the proof finishes by using identities (46)-(66) whenever
a=ldpand B=1d), .

Now we have the following series of lemmas.

It is known [25] that if (A,e,a,R) is a Hom-associative Rota-Baxter
algebra. Then, (A,*a,R) is a Hom-associative Rota-Baxter algebra,
where x* y =R(x)-y+x-R(y)+ Ax-y. Then we have the following
proposition.

Lemma4.1:Let (M,<,>, 8, R),) beaHom-associative Rota-Baxter
bimodule of weight A over the Hom-associative Rota-Baxter algebra

(A,s,a,R). Define bilinear maps <M ® 4 > M and >: AQM —> M
by

x>m=R(X)=m+x>Ryr(m)+Ax=mm<x=Rys (x)<x+m=<R(x)+Am=<x.

Then (M,<,>, 3,R),) isaHom-associative Rota-Baxter bimodule

of weight A over the Hom-associative algebra (A,*a).

Proof: First, forany x € A, m € M,

R(x) > Ryy (m) = R?(x) = R(m) + R(x) = Ryy (m)+ AR(x) = R(m)
= Ry (R*(x) = m+ R(x) = Ryy (m)+ AR(x) = m
+R(x) = R(m)+ x = Ry (m)+ Ax = R(m)
+R(x)>m+x>RM(m)+/lx>m)

=Ry (R(x)> m+ x> Ry (m)+ Ax > m).

Next, for any x,y € A, m € M, one has

()& B(m) = (R(x) y+x-R(y)+ Ax- y) > f(m)
=R(R(x)-y+x-R(y)+Ax-y) = B(m)
+(R(x)-y+xR(y)+Ax-y) = Ry (B(m))
+ 2(R() - y+x-R()+Ax-y) = B(m)
=(R(x)-R(»)) = B(m)+ (R(x)- y) = Ryy (B(m)
+(x R(Y) = Ry (B(m)) + A(x- y) = Ryg (S(m)
+ AR(x)-y) = Bm)+ A(x- R(p) = B(m)+ A% (x- y) = B(m).

By axiom (14),

(r* ) > B(m) = R(@(x)) = (R(Y) = m+y > Rys (m) + Ay = m) = AR(@(x)) = (y > m)
+a(x) = Ry (y > m)+Aa(x) = (y = Ry (m))
+A(R(x)- y) = B(m)+ A(x- R(y)) = ﬁ(WL)+/12(X'y) = B(m)
=R(a(x)) = (y>m)+a(x)>= Ry (y>m)
+2a(x) = (R(y) = m+y = Ryp (m)+ Ay = m)
=R(a(x)) = (y>m)+a(x) =Ry (y>m)+ Aa(x) = (y > m)
=a(x)> (y>m).

The others relations are proved similarly.

Corollary 4.1: Let (M,>,5,R);) be a Hom-associative Rota-
Baxter (left) module of weight A over the Hom-associative Rota-Baxter
algebra (4,-,a,R) . Then (M,>,3,Ry) is also a Hom-Lie Rota-Baxter
(left)module of weight A over the Hom-Lie Rota-Baxter algebra of
Lemma 1.2.

Corollary 4.2: Let (M,>,5,R;;) be a Hom-associative Rota-
Baxter (left) module of weight A over the Hom-associative Rota-Baxter
algebra (4,- o, R) - Then (M,>,=> o(a? ®1Idy), B, Ryy) is also a Hom-
associative Rota-Baxter (left) module over (4,-,a,R) .

Definition 4.2: A q-Hom-tridendriform Rota-Baxter bimodule

(M,<,>,<,>,Rys,f) is a Hom-associative Rota-Baxter bimodules
(M ,=,>,Ry, B) satisfying

R(x) < Ry (m) = Ry (R(x) am+x < Ry, (m) + Ax < m), (67)
Ry (m) < R(x) = Ry (Ryy (m) < x +m < R(x) + Am < x), (68)

R(x) > Ry (m) = Ry (R(x) > m+ x> Ry (m) + Ax > m), (69)
Ry (m)> R(x) = Ry, (Ryy (m) > x +m > R(x) + Am > x).

Below lemmas and corollaries are proved similarly to the one of
Lemma 4.1.

Lemma 4.2: Let (M,<,~,B,R;;)be a Hom-associative Rota-
Baxter bimodule of weight A over the Hom-associative Rota-Baxter
algebra (A,s,a,R) (of weight X). Define bilinear maps << M ® 4 —> M ,
and > AOM > M, »" AQM —>M and <"M ® 4 —> M by

x<am=x>Ry(m), x>m=R(x)>m, x> m=x>m,

maAx=m=<R(x), m>x=Ry(m)<x, m<'x=m=<x.

Then (M,<,>,<",>",Ry;,p) is a q-Hom-tridendriform Rota-
Baxter bimodule (of weight ) over the q-Hom-tridendriform algebra
(4,7, ) » where, x4y :=x-R(y),xFy=R(x)-y-

Lemma 4.3: Let (M,<,>,<,>,f) be a q-Hom-tridendriform

bimodule over the q-Hom-tridendriform (4,,F,-,@) . Define bilinear
maps <M ® A —>M and >: AQM — M by
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xp'm=x>m+qgx>m, x<m=x<m,

mp'x=mp>x+qgm=<x, m<x=m<x.

Then (M,<,>', ) is a Hom-dendriform bimodule over the Hom-
dendriform algebra (4,4, +¢-,a).

Lemma 4.4: [10] Let (M,<,>,[) be a bimodule over the Hom-
dendriform (D,,,@). Define bilinear maps <<M ® A— M and
> AQM — M by

xX<Im=x>m+x<m, mbx=m>x+m=<x

Then (M,<,>,f) is a bimodule over the Hom-associative algebra
4,4+Fa)-

Let us Denote by HARBM: the category of Hom-associative Rota-
Baxter bimodules, -HTDM : the category of q-Hom-tridendriform
bimodules, HDM : the category of Hom-dendriform bimodules and
HA : the category of Hom-associative bimodules. Then, the above
discussion may be summarized in the following theorem.

Theorem 4.2: The following diagram is commutative

HARBM — — HAM
\ T
q-HIDM <« HDM

Proof: The top horizontal arrow and the bottom horizontal arrow
follow from Lemma 4.1 and Lemma 4.4 respectively. The left vertical
arrow is established in Lemma 4.2 and the right vertical arrow is the
functor constructed in Lemma 4.3.

Corollary 4.3: Let (M,<,>,,R),) be a Rota-Baxter bimodule of
weight over the Hom-associative Rota-Baxter algebra (A,e,a,R). Let us
define bilinear maps

x<am=x>Ry(m)+Ax>m and x>m=R(x)>m

m<ax=m=<R(x)+Am<x and mp>x=Ry(m)=<x.
Then, (M,<,>,B)isa bimodule over the Hom-dendriform algebra.

Corollary 4.4: Let (M ,<,>,<,>, f) be abimodule over the g-Hom-
Tridendriform algebra (D,,l,-,@) . Let us define

x='m=x<a4m+x>m+qx>m,

m=<'x=m<ax+m<x+qgm=< x.

Then, (M,<',>,B)is a bimodule over the Hom-associative
algebra(D,*, ).

Remark 4.2: Whenever the Rota-Baxter relations are verified, in
Lemma 4.3 (resp. Lemma 4.4) for <{,I> and (resp. < and > ), then so
is for <" and ' (resp. < and>).

Further Discussion and Conclusions

In this paper we give structure theorems of Rota-Baxter algebras
over q-Hom-tridendriform algebras and the corresponding bimodules,
their twisting, and their connection with Hom-associative Rota-Baxter
algebras and Hom-preLie algebras.

1. A similar analysis may be made for bimodules over flexible,
admissible and alternative q-Hom-tridendriform Rota-Baxter algebras.
Also, the procedure to twist classical algebraic structures to obtain
the Hom-version may be applied to Rota-Baxter opera-tor on Hom-
Leibniz algebras and L-Hom-tridendriform algebra.

2. Thanks to Theorem 3.2 one may think of the classification of
q-Hom-tridendriform Rota-Baxter algebras of weight 0 and 1 (and the

corresponding modules). But due to the size and the non-linearity of
system (35)-(45), we hope to return to these questions elswhere.

3. One of the issue is to establish graded case (and the
corresponding modules) of the following commutative diagram

g-HTDA — HA

{ ll
HDA <« HPLA,

where we denote by HTDA: the category of Hom-tridendriform
algebras, HARB: the category of Hom-associative Rota-Baxter algebras,
HLRBA: the category of Hom-Lie Rota-Baxter algebras and HPLA: the
category of Hom-Post-Lie algebras.
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