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On n-Hom-pre-Lie color algebras and associated Kupershmidt
operators

Othmen Ncib?

*University of Gafsa, Faculty of Sciences Gafsa, 2112 Gafsa, Tunisia

Abstract. In this paper, we introduce the Hom-color generalization of n-pre-Lie algebras called n-Hom-
pre-Lie color algebras in which, we investigate their representation theory and we give some related results
and structures based on Rota-Baxter operators, Kupershmidt operators and Nijenhuis operators. Moreover,
we show that given (n — 2)-linear form of a Hom-pre-Lie color algebra satisfying certain conditions, one
can construct a structure of n-Hom-pre-Lie color algebra called induced n-Hom-pre-Lie color algebra. The
same procedure is applied for the representation of n-Hom-pre-Lie color algebras.

1. Introduction

The notion of n-Lie algebras was introduced in 1985 by Filippov [31], so it was given a classification of
the (1 +1)-dimensional n-Lie algebras over an algebraically closed field of characteristic zero. The structure
of n-Lie algebras is very different from that of Lie algebras due to the n-ary multilinear operations involved.
The n = 3 case, i.e. 3-ary multilinear operation, first appeared in Nambu’s work [47] in the description
of simultaneous classical dynamics of three particles. Hom-(super) generalization of this structures called
n-Hom-Lie (super)algebras was studied in [2, 5, 9, 59] (see also [43], for more details). These algebraic
structures are considered as super-generalization of the structures of Hom-algebras which first appeared in
2003 in the work of Hartwig, Larsson and Silvestrov [35], in their investigation of the extension to general
twisted derivations of g-deformations of the Witt and Virasoro algebras.

Pre-Lie algebras (called also left-symmetric algebras, Vinberg algebras, quasi associative algebras) are
a class of a natural algebraic systems appearing in many fields in mathematics and mathematical physics.
They were first mentioned by Cayley in 1890 [21] as a kind of rooted tree algebra and later arose again from
the study of convex homogeneous cones [57], affine manifold and affine structures on Lie groups [38], and
deformation of associative algebras [32]. They play an important role in the study of symplectic and com-
plex structures on Lie groups and Lie algebras [6, 25,27, 28, 41], phases spaces of Lie algebras [12, 39], certain
integrable systems [19], classical and quantum Yang-Baxter equations [29], combinatorics [30], quantum
field theory [26] and operads [22]. See [10], and the survey [20] and the references therein for more details.
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Recently, pre-Lie superalgebras, the Z,-graded version of pre-Lie algebras also appeared in many others
fields; see, for example, [1, 22, 32, 56]. Classifications of complexes pre-Lie superalgebras in dimensions
two and three have been given recently, by Zhang and Bai [14]. See [4, 23, 36, 37] about further results. The
notion of Hom-pre-Lie algebras is a twisted analog of pre-Lie algebras, where the pre-Lie algebra identity
is twisted by a self linear map, called the structure map. This notion was introduced in [44]. There is a
close relationship between Hom-pre- Lie algebras and Hom-Lie algebras: a Hom-pre-Lie algebra (N, o, @)
gives rise to a Hom-Lie algebra (N, [, -6, @) via the commutator bracket, which is called the subadjacent
Hom-Lie algebra and denoted by N©. Hom-pre-Lie algebras play several roles, among them and the most
important are the problems related to the representations of Hom-Lie algebras. We can explain this in terms
that the map L : N' — gl(N), defined by L,(y) = x o y for all x, ¥ € N, gives rise to a representation of the
subadjacent Hom-Lie algebra N© on N with respect to a € gl(N). Recently, Hom-pre-Lie algebras were
studied from several aspects: The geometrization of Hom-pre-Lie algebras was studied in [60], universal
a-central extensions of Hom-pre-Lie algebras were studied in [54] and the bialgebra theory of Hom-pre-Lie
algebras was studied in [55]. Some generalizations of pre-lie algebra have been studied, among which are
given in [45], as the authors introduce the notion of n-pre-Lie algebra, which gives a n-Lie algebra naturally
and its left multiplication operator gives rise to a representation of this n-Lie algebra. An n-pre-Lie algebra
can also be obtained through the action of a relative Rota-Baxter operator on an n-Lie algebra. For (n = 3),
see [13, 24] for more details. In [33], the authors describe the symplectic structures and phase spaces of
3-Hom-Lie algebras from the structures of 3-Hom—pre-Lie algebras. The same work has been introduced
in the general case of n-pre-Lie algebras[34].

Lie color algebra is a generalization of Lie algebra introduced by Ree [49]. This class plays an important
role in theoretical physics (see [53, 53] for more details). In [46], the author proved that Simple Lie color
algebra can be obtained from associative graded algebra, while the Ado theorem and the PBW theorem of
Lie color algebra were proven by Scheunert [51]. Lie color algebras have developed in the last twenty years
as an interesting topic in Mathematics and Physics (see [7, 8, 15, 18, 40] for more details).

Representations theory of different algebraic structures is an important subject of study in algebra and
diverse areas. They appear in many fields of mathematics and physics. In particular, they appear in
deformation and cohomology theory among other areas. In this paper, we have to talk about the represen-
tation of algebraic structures of Lie and Hom-Lie type which are introduced in several works. The notion
of representation introduced for Hom-Lie algebras in [52] (see also [16]). The extension of this work to
the n-ary and n-ary-Hom-super cases has been given in [2, 5]. Some other extensions are given in several
works such as the representation of Hom-Lie superalgebras, BiHom-Lie superalgebras, (Hom)-Lie Rinehart
(super)algebras, (1)-(Hom)-Poisson (super)algebras... (see [17, 42, 48, 58], for more details). In this paper
we base on the representation theory of Hom-pre-Lie color algebras. This notion was introduced in [55] in
the study of Hom-pre-Lie bialgebras (Hom-left-symmetric bialgebras). In [50], the authors gave the natural
formula of a dual representation, which is nontrivial and showed that there is well defined tensor product
of two representations of a Hom-pre-Lie algebra. A generalization of the representation theory of pre-Lie
algebras was introduced in [34], in which the authors defined the representation of n-pre-Lie algebras and
gave some other associated results. In this paper, we generalize this notion in the Hom-color case and we
give some related results.

This paper is organized as follows. In Section 2, we recall some definitions and known results about
n-Lie color algebras and n-Hom-Lie color algebras. We also recall some examples for these structures.
In Section 3, we introduce the notion of n-Hom-pre-Lie color algebras and their representations and we
give some important results and related structures. In Section 4, we provide a construction procedure of
n-Hom-pre-Lie color algebras starting from a Hom-pre-Lie color algebra and an (1 — 2)-linear form satisfies
specific conditions. Moreover, we applied same procedure for the representations of n-Hom-pre-Lie color
algebras.

Throughout this paper, we will for simplicity of exposition assume that K is an algebraically closed
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field of characteristic zero, even though for most of the general definitions and results in the paper this
assumption is not essential.

2. Preliminaries and Basics

In this section, we give some preliminaries and basic results on n-(Hom)-Lie color algebras and to give
some examples, also we give some results using representations, Kupershmidt operators and Nijenhuis
operators.

Definition 2.1. Let I be an abelian group.
1. A linear space N is said to be I'-graded if, there exists a family (N;)qer of linear subspaces of N such that

N:@Na.

ael’

2. An element x € N is said to be homogeneous of degree a € T' if x € N,. We denote H(N) the set of all
homogeneous elements in N.
3. Let N = P N, and N’ = P N, be two T-graded linear spaces. A linear mapping f : N — N’ is said to be

ael’ ael
homogeneous of degree b if

fND)EN,,,, forall aceT.

a

4. Let Mand N be two T'-graded vector spaces. A structure of T-graded vector space on M@ N can be introduced
canonically:

(M &) N))/er = M)/ (&) Ny.

Remark 2.1. If the base field is considered as a graded vector space, it is understood that the graduation of K is given
by Ko =Kand K, = {0}, ifa €T\ {0}.

Definition 2.2. 1. An algebra (N, -) is said to be I'-graded if its underlying linear space is I-graded i.e. N =
B N,, and if furthermore

ael

Ni Ny € Noyy,  forall abel.
2. Amorphism f : N — N’ of I-graded algebras N and N’ is by definition an algebra morphism from N to N’
which is, in addition an even mapping (i.e. f of degree zero).

Definition 2.3. Let I be an abelian group. Amap € : T XI' — K" is called commutation factor (or a skew-symmetric
bicharacter) on T if the following identities hold for all a,a’,a”" €T,

€(a,a)e(@,a) =1, 1)
ela,a’ +a") =e(a,a’)e(a,a”), )
ela+a,a’)=e(a,a")e@,a”), 3)

In particular, the definition above implies the following relations
€(a,0)=€(0,a) =1 and e(a,a) = +1 forallaeT.

If x and y are two homogeneous elements of degree a and b respectively and € is a bicharacter, then we
shorten the notation by writing e(x, y) instead of e(a, b).

Notations: For any X = (x1,...,x,) € N", we need the following notations

i
Z x¢ and X, =0.
k=i k=1

e
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=
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Example 2.1. Let I = Z. We define the bicharacter € : T xI' — K* by
€(m, n) = cos(mnm).
Example 2.2 ([11]). Some standard examples of bicharacters are:
1. I'=72,, e(,j)=(=1)Y, or more generally
I=75={(a1,...,an) | ai € Zy},
e((@,...,an), (B, ..., Bu)) = (~1)Prerbe,

2. T =72y x2Zy, €((i1,i2),(j1,j2) = (_1)i1f2*i2j1/
3.T=2Zx2Z, (i), (j1,j2) = (=1)+20+72),
4. T ={-1,+1}, e(i,j) = (=1)-DG-D/4,

Definition 2.4. An n-Lie color algebra is a triple (N, [, ..., -], €) consisting of a I'-graded vector space N = @ N,,
yel
an n-linear map [-,...,-1 : N X N X --- X N = N of degree zero and a bicharacter € : I x I — K" satisfying

[xl, e, Xiy Xigly e e ,Xn] = —e(x,-,xl-ﬂ)[xl, ooy, Xig1, Xip e e ,xn], (4)
[xlr e /xn—ll []/1, cecy ]/n]] = Z e(Xl’l—ll Yi—l)[]/lz cre ]/i—lr [xll e /x}’l—lr ]/i], ]/i+1/ cery ]/n]/ (5)
i=1

forany x;,y; € HIN), 1 <i,j<n.
Remark 2.2. The condition (4) is equivalent to
[Xl,. e, Xipe .,X]‘,. . .,xn] = —€(Xi+1,];1,xi + x/-)(—:(xi,xj) [xl, .. .,x]',. e, Xipe .,xn], V1i<i< ] <n. (6)

Example 2.3. Let I = Z,, €(i, j) = (-1)7 and N = N5 & N7y =<ey,...,e, > & < ey1 >. Define the n-linear map
[,...,:]: A"N — N of degree zero by

[61/- . '/él'/' . -/en/en+1] = en+1/ V1 S l S n/
where é; means that the element e; is omitted. Then (N, [-,...,],€) is an n-Lie color algebra.

Definition 2.5. An n-Hom-Lie color algebra is a graded vector space N = @yer N, with an homogeneous n-

linearmap [-,...,-]: Nx--- XN — N of degree zero, a bicharacter € : I XI' = K\ {0} and a linear map a : g — g
of degree zero, such that the condition (4) is satisfied and for all X = (x1,...,%,-1), Y = (Y1,..., Yn) € HN), we
have

[an@), . a1 (), [y, -yl | =

n

Z e(Xn-1, Yi—l)[al(yl)r o @ic1 (Vi) [x1, - Xnm1, Vil Qi1 (Yiea), - - - an—l(yn)]- )
P
Remarks 2.1.

1. WhenT = {0}, the trivial group, this is the ordinary n-Hom-Lie algebra (see [9] for more details).
2. WhenT = Z,, e(x,y) = (—1)MW¥, we recover Hom-Lie superalgebra introduced in [2].
3. Ifa =idy, then N is just an n-Lie color algebra.

Let (N, [,...,-],e,a) and (N, [-,...,"] ,€,&) be two n-Hom-Lie color algebras. A linear map of degree
zero f : N = N is an n-Hom-Lie color algebras morphism if its satisfies
foa = dof,
f([xlr"-/xn]) [f(xl)/'-~/f(xn)],'
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Definition 2.6.

1. An n-Hom-Lie color algebra (N, [-, ..., -], €, a) is said to be multiplicative if o is an algebra endomorphism, (i.e.
a linear map on N which is also a homomorphism with respect to the multiplication [-,...,-]).

2. An n-Hom-Lie color algebra (N, [, ..., -], €, a) is said to be regular if o is an automorphism.

3. An n-Hom-Lie color algebra (N, [, ..., -], €, a) is said to be involutive ifoz2 =1id.

Example 2.4. Let T = Z5, €(i, j) = (-1)7 and N = N5 & Ny =<ey,...,e, > ® < ey41 >. Define the super-skew-
symmetric n-linear map [-,...,-]1 : N"N — N of degree zero by

lei, ..., 6, ... ,en ens1] = (=1) ey, V1<i<n,
where é; means that the element e; is omitted and the linear map o : N — N defines on the basis of N by
alg)=e, 1 <i<n and ale,+1) =0.
Then (N, [-,...,-], €, a) is a multiplicative n-Hom-Lie color algebra.

Theorem 2.5. (Twist Theorem) Let (N, [, ..., ],€) be an n-Lie color algebra and o : N — N be an algebra
endomorphism of degree zero. Then, the multilinear map [-,...,"]lo = a o[-, ..., ] defines on N a multiplicative
n-Hom-Lie color algebra structure.

Example 2.6. ([11]) Let N be a graded linear space
N = Noo & Noy & Nao & Na

with No =< er,e2 >, Ngg =< e3 > Nao =< e >, Na1y =< es > . The 4-linear multiplication
[ T NXN XN XN — N defined for basis {e; |i=1,...,5} by

[e2,e3,e4,65] = €1, [e1,e3,e4,65] = €2, [e1,62,€4,65] = €3,
[e1,e2,e3,e4] = 0 and [e1,e2,e3,e5] = 0,

makes N into the five dimensional 4-Lie color algebra.
Now define on (N, [+, -, -, ], €) the endomorphism o : N — N by

aler) = ey, alex) =e, ale)=e, i=234,5.
Then Ny = (N, [,+,,-]a, €, &) is a 4-Hom-Lie color algebra. Observe that a is involutive (hence bijective).

Definition 2.7. Let (N, [, ..., ], €, a) be an n-Hom-Lie color algebras. Then
1. AT-graded subspace Yy of N is a color subalgebra of N, if for all y1,72,...,yn €T :

a(b}’,‘) < b)/,‘l V1 < l <n ﬂnd [byllb}/zr .. '/b)/n] c b)/1+...+}/n'
2. AT-graded subspace 3 of N is a color ideal of N if it satisfies:
®(3,) Sy, V1<i<n and [3y,,68),,---,8,] € Ipiiyer V1,72, yn €T

Definition 2.8. ([3]) A representation of an n-Hom-Lie color algebra (N, [+, ...,-],€, a) is a triple (V, p, B) consisting
of a T-graded vector space V, an e-skew-symmetric multilinear map p : N"=1 — End(V) of degree zero and a linear
map B : V — V of degree zero such that for all x1, ..., %u-1, Y1, ..., Yn € H(N), we have

pla(x1), ..., a(x-1))pWi, - - Yno1) — €Xno1, Ya1)pla(yr), - . ., a(Yu-1))p(X1, - . -, Xn-1)
n—1

= Y (X, Yin)p(@(a), -, a(yin), [, -, Xcr, il alyinn), - a(yun)B, (8)
i1

P(a(xl)/ ceey P(xn—z)/ []/1, ceey ]/n])ﬁ

= YD e, Y+ YW Yirt )@, o, P @) - X2, ) ©)

i=1
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Remark 2.3. If (V, p, B) is a representation of a multiplicative n-Hom-Lie color algebra (N, [-,...,"],€ ), then p
satisfies the following condition

pla(x1), ..., a(x,1))p = pp(x1, ..., Xn1). (10)

Example 2.7. Defining forany integers > 0 the a®-adjoint representation of an n-Hom-Lie color algebra (N, [, ..., -], €, a)
on N®"1 gs follows

ads, . (%) =[a*(x1),...,a°(x4-1),x] forall x;,x e HIN), 1<i<n-1.

Let us denote the a°-adjoint representation of the n-Hom-Lie color algebra (N, [+, ..., ], €, &) by the triple (N, ad’, v).
We also denote adS, . simply by ady, . x,, forany xi, ..., x,1 € H(N).

Example 2.8. (Dual representation) Let (N, [+, ..., ], €, ) be a reqular n-Hom-Lie color algebra and (V, p, B) be an
n-Hom-Lie color algebra representation with p being an invertible linear map. Define p* : N"~! — End(V*) as usual

by
<p 1, xnm) (@) u>=— <& pxr, .., X)) >, Y, e HN),1<i<n—-1, ue H(V), Ee V.
However, in general p* is not a representation of N anymore. Let us define the map p* : N"~! — End(V*) by

<P, Xa)(E), v > =< plalx), ..., alxe))(B)(E)), 0 > (11)
=—-<g, p(a‘l(xl), .. .,a‘l(xn_l))(ﬁ_z(v)) >,
forallE eV, x1,...,x,21 € HIN) and v € V. Then, the triple (V*, p*, (ﬁ‘l)*) is a representation of the n-Hom-Lie

color algebra (N, [-,. .., -], €, a) on the dual vector space V* with respect to the map (371)". This is also known as the
“dual representation” associated to (V, p, p).

In particular, let us also recall that the “coadjoint representation” of a regular n-Hom-Lie color algebra (N, [+, ..., ], €, a)
on N* with respect to (a™)* is given by the triple (N*,ad*, (a)"), where
<ad*(x1,..., %)), x > = = < &ad(a™ (v1), ..., & (x1)) (@ *(x)) > (12)
=—-< 5/ [ail(xl)/ ey 0[71 (xn—l)/ aiz(x)] >, (13)
forallxj,xe HIN), 1<i<n-1, £ N~
Proposition 2.9. ([3]) Let (N, [,...,],€, a) be an n-Hom-Lie color algebra, p : A" N — gl(V)and p: V - V

are two linear maps of degree zero. Then (N @ V,[-,..., Inev, €, a + p) is an n-Hom-Lie color algebra if and only if
(V, p, B) is a representation of (N, [, ..., -], €, ), where

n

[xl + ﬂl, e /xn + an]NSBV = [xll e /xn] + Z e(xkl Xk+1,n)P(x1/ e /fk/ e /xﬂ)ak/ (14)
k=1

forallxy,...,x, € HIN)and ay, ...,a, € H(V).

Definition 2.9. Let (N, [, ..., ],€,a) be an n-Hom-Lie color algebra and s be a non-negative integer. Then, a
linear operator R : N — N of degree zero is called an s-Rota—Baxter operator of weight A on (N, [-,...,-],€, ) if
Roa =aoRand the following identity is satisfied:

[R@1), . Ree)] = R( Y ARGa), .., R, ., RG], (15)
]

0#IC[n

where R(x;) == Ry(x;) := { 2;’R(xi) z Zi’ forallxy,...,x, € N.

For a = Id, then we recover the notion of Rota—Baxter operators on an n-Lie color algebra.
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Definition 2.10. Let (N, [, ...,], € a) be an n-Hom-Lie color algebra and (V, p, B) a representation of N. A linear
map T : V. — N of degree zero is called Kupershmidt operator (also called O-operator) associated to (V,p,B) if T
satisfies

aoT=Top, (16)

n

[TGw), .., Tl = T( ) (<1)" e, Ussr )p(Ttr), .., T, ., T(uta))(w1)), (17)

i=1

forall u; € H(V), 1 <i < n. A Kupershmidt operator associated to the adjoint representation (A,ad, &) is called
Rota-Baxter operator of weight A = 0.

Remark 2.4. Recall the a’-adjoint representation (N,ad*,a) of an n-Hom-Lie color algebra (N, [,...,-],€,a) for
any integer s > 0 given in Example 2.7. Then, an s-Rota—Baxter operator of weight O on the n-Hom-Lie color algebra
N[ ..., -1 €, @) is an Kupershmidt operator on (N, [-,...,-],€, &) with respect to the representation (N,ad*, ).
Thus, the notion of Kupershmidt operators is a generalization of Rota—Baxter operators and therefore also known as
relative or generalized Rota—Baxter operators.

Example 2.10. Let (V,p) be a representation of an n-Lie color algebra (N,[-,...,"]l,e) and T : V. — N be a
Kupershmidt operator associated to (V, p). A pair (n, @v) is an endomorphism of the Kupershmidt operator T if

Topy=¢pyoT and
p(on(x1), ..., O (xn—)))(Pv(0) = Pv(p(x1, ..., xu—1)(©)), forallx;e N, 1<i<n-1,veV.

Let us consider the n-Hom-Lie color algebra (N, [, . .., -, 1oy, €, Q) obtained by composition, where the n-Hom-Lie
bracket is given by

VRO PRREROVESY SR )

If we consider the composition py, = ¢v o p, then the triple (V, py,, ¢v) is an n-Hom-Lie color algebra representation
of (N, [, ..., 1oy, € PN). Moreover,

[T(ul)/ ceey T(un)](i)/v = (PN([T(M1), ceey T(Mn)])

= ow(T( ) (1) e(ws, Ussr )p(Tatr), .., T(w), .., T(utn))(11)))
i=1

= T( Y (=1 eus, Uin1n)po, (Tn), ..., T@w), .., Tn))(w),
i=1

forallu; € V, 1 <i < n. Clearly, it follows that themap T : V. — N is a Kupershmidt operator on the n-Hom-Lie
color algebra (N, [, ..., loy, €, ) with respect to the n-Hom-Lie color algebra representation (V, py,, pv).

In the following, we give a characterization of a Kupershmidt operator T in terms of an n-Hom-Lie
subalgebra structure on the graph of T defined by

Gr(T) ={(T(u),u)/ ue V}.

Proposition 2.11. A linear map T : N — V of degree zero is a Kupershmidt operator on the n-Hom-Lie color algebra
(N, [, ..., -] € a) with respect to the representation (V, p, B) if and only if Gr(T) is a color subalgebra of the semi-direct
product n-Hom-Lie color algebra (N @ V,[-, ..., Inev, €, a + B), defined in Proposition 2.9.

Proof. Let (Tu,u) € Gr(T),, y € I'. By using (16) and the fact that a, are of degree zero, we have
(o + B)(Tw, u) = (a(Tu), f(u)) = (T(B(w)), p(w)) € Gr(T),.
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Let (Tux, ux) € Gr(T),,, yx € I, 1 <k < n. Then, if T is a Kupershmidt operator on (N, [-,...,], €, a), we
have

n
[(Tuy, 1), ..., (Tuy, uy)lnev = [Tus, ..., Tuyl, Z e, Ug1n)p(Tun, ..., Tuy, ..., Tuy)ug
k=1
n

= T( ) (1) e, U )p(Tu, .., T, ..., Tuty ),
k=1
n —_—
€(ug, Ugp1,n)p(Tuy, ..., Tug, ..., Tug)ux € GH(T)y 449,
k=1

which implies that Gr(T) is a color subalgebra of the semi-direct product n-Hom-Lie color algebra (N &
‘// ['/ ey ']NGBV/ € a + ﬁ)

Conversely, if Gr(T) is a subalgebra of the semi-direct product n-Hom-Lie color algebra (N®V, [, ..., Inev, €, a+
pB), then we have

n
[(Tull ul), crcy (Tul’l/ un)]NGBV = [Tull crcy Tun]/ Z €(uk, uk+1,n)P(Tu1/ cery Tl/lk, crcy Tul’l)uk € GT(T),
k=1
n —_—
which gives that [Tuy, ..., Tu,] = T(Z €(ur, Ugr1n)p(Tun, ..., Tuy, . ..,Tun)uk). Therefore T is a Kupersh-

k=1
midt operator on (N, [-,...,-],€,a). O

It is of course that there are some other characterizations of the Kupershmidt operators on an n-Hom-Lie
color algebras, among them and this most interesting the characterization in term of a Nijenhuis operators.
In the following Proposition, we characterize Kupershmidt operators on n-Hom-Lie color algebras in terms
of the Nijenhuis operators. In which, we need to define the Nijenhuis operator on an n-Hom-Lie color
algebra (N, [+, ..., ],€,a), as alinear map N : N — N of degree zero which satisfies the following identity

[NGr), -, NGe)l = N( Y NFUR@), - N, -, Ke)l), (18)
0#IC[n]
where N(x;) := Ny(x;) := { ;C\i]’(x') z;% for all xq,...,x, € H(N).

Proposition 2.12. Let (V, p, B) be a representation of an n-Hom-Lie color algebra (N, [,...,-],e,a)and T: V - N
a linear map of degree zero. Then T is a Kupershmidt operator on (N, [-,...,], €, &) with respect to (V, p, B) if and
only if the operator

is a Nijenhuis operator on the semi-direct product n-Hom-Lie color algebra (N @ V, [-,..., Inev, €, a + B).

Proof. By using the Definition of the map Nt and the bracket [, ..., ]ysv, we have

[N7(x1 + 1), ..., Np(xy + up)vev = [T(uq) +0, ..., T(u,) + 0]
=[T(u1),..., T(uy)],

and by the obvious result N’; =0, Yk > 2, we have

Ne( ) NYTUINrGoa + ), Ne(o + 1), N + ) Invev)
0+IC[n]
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= NT( Z[NT(xl + ul), ce, Xi U, ,NT(xn + un)]N®V)
i=1

= NT( Z[T(Hl), R ¢ 2 ol / P T(u,,)]N@V)
i=1

= Np( Y [TG), Xy, )]+ Y e(uti, Ut )p(TG01), o, TG0, ., T0) (1)
i=1 i=1

= T( ), elws, Usa,)p(TGwr), .., TG, .., Ta))(w)),

i=1

for all x; € H(N), u; € H(V). By a direct computation, we conclude that

NT( Z NN + ), ..., Np(x + ), ..., Np(x, + Mn)]NeBV)
0+IC[n]

=Nr( Y NIPUINpGer + ), NG+ 16), ., N, + 1) ey
0+Ic[n]

if and only if

[T@u), ., Taw)] = T( ), e, Usr,)p(TGwr), ..., TG, .., Ta))(w)),
i=1
for all x; € H(N), u; € H(V), which gives the result. [

3. n-Hom-pre-Lie color algebras and their representations

In [20], the authors introduced the notion of pre-Lie algebras and given their representation, some other
practical results are also studied, among those which are most interesting the cohomology and deformations
of pre-Lie algebras. This notion has been extended in more general cases (for more details see [34]). In this
section we introduce the notion of n-Hom-pre-Lie color algebras and define their representation also we
give some algebraic structures and results concerning this notion.

3.1. n-Hom-pre-Lie color algebras

Definition 3.1. An n-Hom-pre-Lie color algebra is a quadruple (N, {-,...,-}, €, a) consisting of a I'-graded vector
space N, a bicharacter € : T X T — K, an n-linear map {-,...,-} : N"N — N of degree zero, e-skew-symmetric on
the first (n — 1) terms and a linear map o : N — N of degree zero such that for all x;,y; € H(N), 1 <i < n, the
following identities are satisfied:

—_

n—

€(Xn—1/ Yi—l){a(yl)/ ey a(yi—l)/ [xll e X1y ]/i]cl a(]/i+1)/ ey a(yn)}

{a(xl)/ . '/a(xn—l)/ {]/1/ v /yn}}

I
—_

i

+€(Xn—1/ Yn—l){a(]/l)/ ey a(]/n—l)/ {xll cees Xn-1, ]/n}}/ (19)
{[xll ey xﬂ]cr a(yl)/ ey a(yn—l)} = (_1)7/’7[6(3(1'1 Xi+1,n){a(x1)/ o /3?1'/ ey a('xﬂ)l {X,‘, yl/ ey yrl—l}}/ (20)
i=1
where [-,...,-] is defined by
[xll"‘lxn]C = Z(—l)n_ie(xl‘,Xi+1,n){X1,.. '/E/' '-/xn/xi}/ vxi € (]-{(N)/l S l S n. (21)
i=1

An n-Hom-pre-Lie color algebra (N, {-,...,},€,a) is said to be multiplicative if o is an algebra endomorphism,
(i.e. a linear map on N which is also a homomorphism with respect to multiplication {-,...,}).
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Then, the quadruple

N[ -..,71% €, ), where [-,...,-]¢ is given by Eq. (21), is an n-Hom-Lie color algebra called the sub-adjacent
n-Hom-Lie color algebra of (N, {-,...,-},€, a) denoted by N and (N, {-,...,-},€, ) is called compatible n-Hom-pre-
Lie color algebra of the n-Hom-Lie color algebra N°.

Proof. Letx;, yi € H(N), 1 <i<n.Foralll <k <n-1,then by using the definition of [-,.. .., 1€, we have:

n
[xlr e s Xy Xkt 1y - - - /xn—lrxn]c = Z(_l)n_le(xi/ Xi+l,1’l){xlr v /5&; ey Xy Xkt 1y - - - /xnrxi}
i=1

n
+ Z(_l)n_le(xi/ Xi+1,n){x1/ coo s Xiy Xkt - - 15&; cee s Xny xi}
i=1

-k
+ (_1)71 €(-xkl Xk+1,n){x1/ coo s Xk=1,Xk+1s - - » Xny xk}

—k-1
+ (_1)71 €(-xk+1/ Xk+2,n){x1/ coo s Xy Xk42, o+ s Xy xk+1}

n

= —e(xy, xk+1)( Z(—l)”‘ie(xi, Xist i) X1+ o) Xi ey Xieat, X o+, X, Xi)

i=1

n
+ Z(_l)n_le(xi/ Xi+1,n){x1/ e X1 Xiey e e /E <o Xy xi}
i=1

+ (_1)n_k_1€(xk/ Xk+2,n){x1/ coo s Xk=1,Xk4+1s -+« 1 Xny xk}
+ (_l)n_ke(xk+1/ Xk+2,n + xk){xll ceey xk/ xk+2/ cecy xnr xk+1})

= _e(xkl xk+1)[x1/ cery xk+l/ xk/ e /x}’l—lr xn]cl

which implies that [-,..., ICis e-skew-symmetric. It remains to show that [-,..., /€ satisfies condition (7).
On the one hand, we have

M = [a(x1),..., a(xp-1), [y1,-- - Yul

+

1

.
I
—_

+

+

.

n

=
|
_

= ~.
[
_

—_

—_
=

(xl), ..

{a

—_

C]C

n—1
= Z(_l)n_ie(xi/ Xi+1,n—1 + Y){a(xl)/ crcy a(?xll)/ crcy a(xn—l)/ []/1/ cecy yn]C/ a(xi)}
i=1

. a(xn-1), [ylr ceey yn]c}

(1) e(xi, Xivi o1 + Ve, Yjsnla@), ..., a(a), ..., a@us1), Ay, -, Ui o) Yoo Y axi))

(_1)n_ie(xi/ Xi+1,n71 + Y){a(xl)/ ey a(ki)/ ey Oé(xn,l), {ylr ceegeeey yn}/ a(xi)}

On the other hand, we have

n

N =Y eXur, YiDla@), .., a(yin), [, ., %ot vl ayinn), - ayn)l°

i=1

n

i=1

i—

j=

1
1

(_1)n_j€(Xn—1/ Yi—l)e(]/j/ Xﬂ—l + Yj+1,n){01(]/1), cecy a(?‘/])/ cecy [xlr cecy xn—ll ]/1’

]C

(_1)n_j€(yjr Y]'+1/n){a(X1), o ra(xn—l)/ {]/1, ey ]/A]/ s Yny y]}} + {a(xl)/ ey a(xn—l)/ {]/1; RN R yn}}

s 0(Yn), a(y))}



O. Ncib / Filomat 39:3 (2025), 819-845 829

n n-1
)Y ) (X, Yirews, Yiaa), - [, X, S, @)y, a)
i=1 j=i+1

+ Z(—l)”_ié‘(xrzfl, Yic1)e(Yistn, Xno1 + yilay), . .., a(yi1), a(yis1), - - -, a(Yn), X1, - -, X1, vil)

1l
—_

(X1, Yie)a(yr), - -, a(yi1), [x1, -, Xue1, yilS, a(yisa), - - -, a(yn))

+
- i

(_1)n_j€(X‘rl—1/ Yi—l)e(yj/ Xl’l—l + Yj+1,n){a(y1)r ey a(Ay])l ceey [xll e Xn-1, yi]cl ey a(yn)/ a(y])}

i—

Il
—_
-
I
—_

=
iy

(_1)n_j€(Xn—l/ Yi—l)e(yj/ Yj+1,n){01(3/1)/ ceey [xl/ e Xn-1, yi]c/ ceey 0((,]\/]), (R a(yn)r a(yj)}

+
i

j=i+l
n—1 .
+ (_1)n71€(Xn—1/ Yi—l)e(Yi+1,n/ Xn—l + yi){a(yl)r ey a(yi—l)/ 0‘(]/i+1)/ ey a(yn)/ [xl/ ceer Xpn-1, ]/i]c}
i=1
n—1

+ (_1)n_i€(XTl—1/ Yi—l)E(Yi+1,n/ Xﬂ—l + ]/1){0‘(]/1)/ cry a(]/n—l)/ {xll cecy -‘fi cecy xn—ll ]/n/ xi}}

+ {a(yl)/ R ra(yn—l)l {xl/ e Xn-1y yn}}

—_

=

+ e(yi, Yieollx1, .., Xn-1, yi]c,a(yl), coa(Yicr), a(Yis), - oY)}

i=

—

Using the identities (19)-(20) and by a direct computation, we find M — N = 0, which implies that [, ..., 1€

gives an n-Hom-Lie color algebra structureon N. O

Let (N, {-,...,},€,a) be an n-Hom-pre-Lie color algebra. Defining the two multiplications L, R : AIN
End(N) by

L(x1, .., Xn—1)Xn = {X1, -+, Xuz1, X}, (22)
and

Rx1, ..o, %0-1)Xn = (X0, X1, .., Xn—1), (23)
forallx; e HIN),1<i<n.

L is called left multiplication and R is called right multiplication. If there is an n-Hom-pre-Lie color
algebra structure on its dual space N*, we denote the left multiplication and right multiplication by £ and
R respectively.

By the definitions of n-Hom-pre-Lie color algebra and representation of an n-Hom-Lie color algebra, we
immediately obtain the following results:

Proposition 3.2. With the above notations, (A, L, o) is a representation of the n-Hom-Lie color algebra (N, [, . . ., 16, €, ).
On the other hand, let N be a T-graded vector space with an n-linear map {-,...,-} : (N"IN)® N — N of degree
zero . Then (N, {-,...,'}, €, a) is an n-Hom-pre-Lie color algebra ifNC =W,[,...,-IS € a) is an n-Hom-Lie color
algebra and the left multiplication L defined by Eq. (22) gives a representation of N©.

Proof. We skip the straightforward proof. [
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Proposition 3.3. Let T : V. — N be an Kupershmidht operator on an n-Hom-Lie color algebra (N, [-,...,], €, a)
with respect to the representation (V, p, B) . Then there exists an n-Hom-pre-Lie color algebra structure on 'V given by

{us, ..., upbr = p(Tug, ..., Tup_)u,, Yuie H(V),1<i<n. (24)

In particular; If V.= N and P : N — N be a Rota-Baxter operator of weight zero associated to (N, ad, ). Then the
compatible n-Hom-pre-Lie color algebra on N is given by

{xlr"-/xn}P = [P(xl),...,P(xn_l),xn], (25)
forany xy,...,x, € HN).
Proof. Let u;,v; € H(V), 1 <i < n, then by using (8), (17) and (24), we have:

{ﬁ(ul)r LR rﬁ(un—l)r {Ulr LR lvn}T}T - e(un—lr Vn—l){ﬂ(vl)r v rﬂ(vn—l)r {ull ey un}T}T

= {,B(ul)r ey ﬁ(un—l)/ p(Tvlr ceey Tvn—l)(vn)}T - €(un_1, Vn—l){,B(vl)/ s rﬁ(vn—l)/ P(Tulz ceey Tun—l)(un)}T

= p(T(B@w)), ., T@(uw)))p(Tor, .., To,1)(@1)

- e(un—lr Vn—l)p(T(.B(vl))/ ey T(ﬁ(vn—l)))p(Tulr ey Tun—l)(url)

= p(ac(Tul), .. ,a(Tun,1))p(Tvl, ey, TU,H)(UH) —e(Uy-1, Vn,l)p(a(Tvl), e, a(Tv,,,l))p(Tul, e, Tu,,,])(un)

n-1
= Z e(U,-1, Vi )p(a(Tvl), oo, a(Tvi), [Tuy, ..., Tuy—q, Toi, ..., a(Tv,H))‘B
i=1
n-1 n-1 ‘
= Z e(U,-1, Vi_l)p(a(Tvl), o, a(Toiy), T( Z(—l)""e(uj, Ujrina +0)p(Tuy, ..., TAuj, o Tuy,, Tv,v)uj),
i=1 j=1
n—1
oMo, ))B+ Y U, Via)p(a(Tor), ..., a(Toi), T(p(Tu, ., Ty 1)0), .., a(To,1))B

i=1

-

n—

= (U1, Vi—l)P(T(ﬁ(vl)), oo, T(B(i-1)), T([us, ..., s, Ui]%)/ ceey T(ﬁ(vn—l)))ﬁ

—_

= €Uy, Vi—l){ﬁ(vl)/ .. -,ﬁ(UH), [ui, ... up, Ui]s, cee /ﬁ(vn—l)}T/
i=1

3
-

which gives that the identity (19) is satisfied on V. By the same way we show that the identity (20) is
satisfied. Then (V, p, f) is an n-Hom-pre-Lie color algebra.
If V = N, the result is obvious. [J

Corollary 3.4. With the above conditions, (V,[,...,- %,e, B) is an n-Hom-Lie color algebra as the sub-adjacent n-
Hom-Lie color algebra of the n-Hom-pre-Lie color algebra given in Proposition 3.3, and T is an n-Hom-Lie color
algebra morphism from (V, [‘,...,‘]C,e,ﬁ) to (N,[-,...,"],€,a). Furthermore, T(V) = {Tv | v € V} C Aisan
n-Hom-Lie color subalgebra of N' and there is an induced n-Hom-pre-Lie color algebra structure {-, ..., }r) on T(V)
given by

{Tuy, ..., Tuyyrwy == Tlug, ..., uy), Yue HV),1<i<n. (26)

Proposition 3.5. Let (N, [-,..., ], a) be an n-Hom-Lie color algebra. Then there exists a compatible n-Hom-pre-Lie
color algebra if and only if there exists an invertible Kupershmidht operator T : V. — N with respect to a representation
(V, p, B). Furthermore, the compatible n-Hom-pre-Lie color algebra structure on N is given by

{x1,...,xu}a = Tp(xl,...,xn,l)T_l(xn), Vxi e HIN),1 <i<n. (27)

Proof. This is a direct computation, we apply Proposition 3.3 and Corollary 3.4 for T(V) = N. O
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3.2. Representations of n-Hom-pre-Lie color algebras

In [34], the authors introduce the notion of representation of n-pre-Lie algebras. In this subsection, we
generalize this notion in the color case of Hom-type, so we give the construction of the corresponding
semi-direct product n-Hom-pre-Lie color algebra and we give some other results related this notion.

Definition 3.2. Let (N, {-,...,}, €, &) be an n-Hom-pre-Lie color algebra. A representation of (N, {-,...,},€,a)ona
T-graded vector space V is the given of a triple (I, 1, B), wherel : A""*N — End(V) is a representation of the n-Hom-Lie
color algebra N on V, r : N X --- X N — gl(V) is an (n — 1)-linear map of degree zero, e-skew-symmetric on the
first (n —2) terms and B : V- — V is an linear maps of degree zero such that, for all x1,...,%u,y1,..., Yyn € HIN),
the following identities holds:

i l(a(xl)r ey a(xn—l))r(ylr ey ]/n—l) = e(X‘ﬂ—ll Yn—l)r(a(yl)/ ey a(yn—l))H(xlz ey xn—l)
n-2

+ Z (X1, Yie)r (@), - - -, ayic1), [x1, - -+, X1, YiS, @ina), - -, a(Yn-1))B (28)
i1

+ e(Xn—ll Yn—Z)r(a(]/l)/ ey a(yn—Z)r {xll e Xn=1,Yn-1 })ﬁ/
4 r([xlz vy xn]C/ 01(]/1)/ ceey a(yn—Z))ﬁ = (29)

Y (1) e X l@a), -, 4G, -, @)L Y1, Yn),
i=1
e r(a(x1), ..., a(xn=2), {y1, ..., ¥u)P = €Xu—2, Yu-)lla(y1), . .., a(yua)r(x1, ..., Xu=2, Yn)

n-1

+ ) (1 e(Xooa + Y Yier i 1)eKonoa, Yir)H@(y), -, @Y, -, @), -, X2, Vi), (30)
i=1

o r(a(yr), .., aYn—1))u(x1, ..., Xp1) = (X1, Y1)l (@(x1), . .., a(en—1))r(Y1, .., Y1)

n-1
+ Y D e, Xit @), . a0, - @), (i Y, Yaa DB, (31)
i=1

n—1
where  pu(x1,...,xXp-1) = 1(x1,..., Xp-1) + Z(—l)le(xi, Xiv1n—1)P(X1, « o, Xy oy X1, Xi).
i=1

Remark 3.1. If (V, 1, B) is a representation of a multiplicative n-Hom-pre-Lie color algebra (N, {-,..., -}, €, a), then
1 satisfies the following condition

Br(xi, ..., xp—1) = r(ax1),. .., a(x,-1))B. (32)

Let (N, {-,...,"},€,a) be an n-Hom-pre-Lie color algebra and (I, f) a representation of the sub-adjacent
n-Hom-Lie color algebra N on V . Then (I,0,p) is a representation of the n-Hom-pre-Lie color algebra
(N, {-,...,-}, € a) on the I'-graded vector space V. It is obvious that (N, L, R, a) is a representation of an
n-Hom-pre-Lie color algebra on itself, which is called the adjoint representation.

Theorem 3.6. Let (V,1,r) be a representation of an n-pre-Lie color algebra (N, {-,...,-},€), a : N — N be a linear
map of degree zero and € End(V') be an endomorphism of degree zero such that

Blx1, ..., xp-1) = la(x1), ..., a(xn-1))B,  Pr(xi, ..., xn-1) = r(a(x1), ..., a(x,-1))B,

forall xp € HIN), 1 <i <n-1. Then (V,l~,7, B) is a representation of the multiplicative n-Hom-pre-Lie color

algebras (N, {-,...,"1S, €, &), where | = Bol,7=Borand{-,...,|S =ao{,...,-IC
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Proof. Letx;,yi € H(N), 1 <i < n, then by condition (32), we have

Brixs, ..., x0m1) = Brr(x, ..., Xpm1) = Bria(x), ..., a(x,-1)B
= Fr‘(a(xl), ey a(xn—l))ﬁ'

Then, the condition (32) is satisfied by 7. By the same way, we show that the conditions (28)-(31) hold. The
theorem is proved. [

Proposition 3.7. Let (N, {-,...,},€, ) be an n-Hom-pre-Lie color algebra, V be a I'-graded vector space and I, r :
®"IN — End(V) two linear maps of degree zero. Then (V,1,r,B) is a representation of N if and only if there is an
n-Hom-pre-Lie color algebra structure (called semi-direct product) on the direct sum N @ V of vector spaces, defined

by

(a @ B)(x + u) =a(x) + p(u), (33)
X1 +ur, . X0+ tpdvev =01, X0} + 1001, X0m1) (1)
n-1
+ Y (D), Xt a)r(e, - X, oo, )W), (34)
i=1

for x,xi € HIN),u,u; € H(V),1 < i < n. We denote this semi-direct product n-Hom-pre-Lie color algebra by
N <Py
Lr

Proof. Letx; € H(N), u; € H(V), 1 <i<n,then, foralll <j<n-2, wehave
P +ug, ot Uy, X + U, X+ Undvey

:{xlr e X X1, - ~1xn} + l(xll v Xjy Xjr1, e /xnfl)(un)

j-1
+ Z(—l)”le(x,-, Xi+1,n,1)1’(X1, . ,J?,', e Xjy Xjrly e ey x,,)(u,-)
i=1

n—1
+ Z (1) e(xs, Xipau-)F(X1, - X, Xt Ry ooy Xn) (141)
i=j+2

+ (=1 e(x), Xjprn (et - Xjo1, Xt - -, Xn) (1))
+ (_1)j€(xj+1/ Kijs2n-)r(X1, ++ o, Xjy Xjs2, - X)) (Uja1)

== €(lexj+1)({x1/ cee s Xjr1, Xjy e X} + 1, s Xj+1, Xj, - oy Xn-1)(Un)

j-1
+ Z(—l)’”e(x,-, Xivtn )X, oo, Ry X1, Xy oo, X ) (1)
=1

n—1
+ Z (D)™ e, X (Xt -« o, Xju1, Xjy Biy ooy, X)) (147)
i=j+2

+ (=1e(x), Xjon1)r(x1, - o, Xjo1, Xt - - -, X)) (1})
+ (=1 e(xjin, X + Xt w1 (X1, -, X, Xjaa, - -,Xn)(uj+1))

=e(xj +uj, Xjp1 + up )X + s, X1+ U1, X+ U, X Unbvey,

which implies that {-, ..., -}yev is e-skew-symmetric on the first (n — 1) terms.
For any x;, y; € H(N), w;,vj € H(V), 1<i<n-1, 1< j<nandby using Eq. (34), we have

{(a®B)(x1 +u1),...,(@®PB)(xp-1 + Un-1), {y1 + 01, ..., Yn + VnlNeVINeY
=la(x1),...,aC-1),{y1, .., yul + Ha(x1), ..., a(xe—1)I(Y1, - - Yu-1)0n
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+ ) DM ey, Yol X )Y T YO
j=1

+ YD Xin o + VK@), -, 000, -, aC61), (1, - YaDan)
i=1

and
n—-1
Z e(Xu-1, Yie){(@ @ B)(y1 +01), ..., [x1 + U1, o, Xt + thnct, Vi + 0] Kgyr - - -0 (@B B) (Y + V) Inev
i=1
+€(Xn-1, Y- )l (@@ B)y1 + 01), -, (@@ B)(Yn—1 + On1), {1 + U1, .o, Xim1 + Un—1, Yn + UnINevIinev
n—-1
= Z e(X‘ﬂ 1/ i- 1){“(:‘/1) cey [xll e Xn-1, ]/i]cz e ra(y‘rl)}
i=1
n—-1
+ E(Xn 1/ i— 1)l(a(]/1) [x], M xl’l—l/ }/i]C/ M a(yn—l))ﬁ(vi’l)
i=1
n-1 i-1 )
+ Z (_1)]+1€(X}’l—1/ Yi—l)e(}/j/ Xn—l + Yj+1,n)7’(a(]/1)/ cery a(]/])r crcy [xll e /x}’l—lr ]/i]C/ cecy Of(]/n))ﬂ(vj)
i=1 j=1
n—-1 -
+ ) (D) Ny (), - aly), . aQya)lee, ., (), - X, ViU
ik=1
n-1 n-1 ]
+ Z (_1)]+1€(an]/ Yi—l)e(}/j/ XVI*l + Yj+1,n)7’(0‘(}/1)/ ey [xl/ cee s Xn-1, yi]CI ey a(y])/ ey a(yn))ﬁ(v])
i=1 j=i+1
n—1
+ e(anlr Yi*l)e(yir anl + Yi+1,n)7’(05(y1); ey 05(}/1’)/ ey a(yl’l))l(xll e /xnfl)vi
i=1
n-1n-1 n-1 4
+ Z Z (_1)n+]7k+1 Qi,j,kr(a‘(]/l)/ ceey a(yi)/ ey a(yn))r(xll ey 5(-;/ Ry ;C;(/ e Xn-1,Yi, Xk)u]'
i=1 k=1 j=1, j#k
n—-1 n-1
+ (_1)k€(Xﬂ—lr Yi—l)e(xkr Xk+1,n—1 + yi)r(a(yl)/ ey Of(yi)/ ey a(yn))r(xl/ ey fk! e s Xn-1, xk)vi
i=1 k=1
+ 6(Xn—l/ Yn—l){a(yl)/ Ry {xll e Xn-1, yn}} + €(X71—1/ Yn—l)l(a(yl)/ ey a(yn—l))l(xlz ey xn—l)vn
n—-1
+ YD e, Yie0)eWs, Xama + Yiad @), 4y, -, @n1), 1, %o, YaDB(O)
i=1
where
Vijk = €(Xn-1, Yim)e(i + Xn-1, Yir1,u-1)€(X, Xir1,0-1 + ¥i),
and

0ijx = €(Xn-1, Yic1)e(Xx, Xiy1,n-1 + Yi)e(xj, Xjs1,n-1 + Vi)

Then, by using the fact that (N, {-,...,}, @) is an n-Hom-pre-Lie color algebra, a direct computation gives
that, the n-product {-, .. ., -} yev satisfying condition (19) on N @V, if and only if / satisfying condition (8) on
N€ and conditions (28)-(30) hold. By the same way, we can show that, the n-product {-, ..., -} yev satisfying
condition (20) on N @ V if and only if, I satisfying condition (9) on N and conditions (29)-(31) hold Which
ends the proof. [
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Let V be a I'-graded vector space and (V,/,7,) be a representation of the n-Hom-pre-Lie color algebra
(N, {-,...,"},e,a) on V. Define p : A" !N — End(V) by

n—1
POt o ) = 10 )+ ) (<1 e Xt )P (61, o By, X, 1), (35)
i=1

forall x,...,x,_1 € H(N).

Proposition 3.8. With the above notations, (V, p, B) is a representation of the sub-adjacent n-Hom-Lie color algebra
(NS ...,-1 €, a) on the I'-graded vector space V.

Proof. By Proposition 3.7, we have the semi-direct product n-Hom-pre-Lie color algebra N x?;ﬁ V. Consider
its sub-adjacent n-Hom-Lie color algebra structure [, ..., -6, then for any x; € H(N), u; € H(V), we have

n
[x1 +up, ..., x, + un]i@v = Z(—l)”"e(x,-, Xivt )Xt + 1, ..o, X+ Ty, Xy + U, Xi + Ui NaV
i=1
n n
= Y (e, X o T, i} Y (1) X e, - T 0) (1)
i=1 i=1

n
Y)Y UKo, i X))t X+ X ) o Ty T X, %) (07)
i=1

1<i<j<n
+ Z (_1)j+1€(Xj+1,nr Xi + xj)e(xjr Xi + X]'+1,i—l)r(xl/ ey 56;/ oo /5&;/ ey xnrxi)(uj))
1<j<i<n
n
= Lo xS+ Y (1) e, X ) (1, - Ty ) (1) (36)
i=1
+ Z (_1)j(_1)j€(Xj+l,nr Xi + xj)e(xi/ xj + Xi+l,j—1)r(xlr o /55/ ey 5(?;/ v Xpy xi)(”j)
1<i<j<n
+ 2 (_1)j+1€(Xj+1,nr Xi + xj)e(xjr Xi + Xj+1,i—1)r(xll ey 5&;/ oo /El ey xnrxi)(uj)
1<j<i<n
n
= D1 ]S ) (21 e X ) PO, T 20 (1), (37)

k=1

By Proposition 2.9, (V, p, p) is a representation of the sub-adjacent n-Hom-Lie color algebra (N<, [, ..., -], €, a)
on the I'-vector space V. The proof is finished. O

If (I,r,B) = (L, R, P) is a representation of an n-Hom-pre-Lie color algebra (N, {-,...,},€,a), then p = ad is
the adjoint representation of the sub-adjacent n-Hom-Lie color algebra (N, [, ..., 1€, €, @) on itself.

Corollary 3.9. Let (V,1,1,B) be a representation of an n-Hom-pre-Lie color algebra (N, {-,...,-},€,a) on V. Then,
the semi-product n-Hom-pre-Lie color algebras N xf;ﬁ Vand N xg’ﬁ V given by the representations (V,1,r, B) and
(V, p, 0, B) respectively have the same sub-adjacent n-Hom-Lie color algebra N* xg’ﬁ V given by (37).

Let (V,1,1,B) be a representation of an n-Hom-pre-Lie color algebra (N, {-, ..., },€,a). In the sequel,

we always assume that § is invertible to study the dual representation. For all xy,...,x,-1 € H(N), u €
H(V), &€V, define p*, 1 : @ IN — gl(V*) by

<pr, . xpm)(E), u >=— < & plx, ..., 1) (W) >,
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and
< r*(xll LR lxﬂ—l)(é:)/ U>=-< é/ r(xlr oo /xn—l)(u) >

Then, define p*,7* : "~ 'N — gl(V*) by
P, ) (@) = Pa), -, aloo) (B (), (38)

P, x0m)(E) 1= (), - o)) (BT (). (39)

Theorem 3.10. Let (V, 1,1, B) be a representation of an n-Hom-pre-Lie color algebra (N, {-,...,-},€, @) on V where 8
is invertible. Then (V*,p*,—r*,(871)") is a representation of the n-Hom-pre-Lie color algebra (N, {-,...,"},€,a) on
V*, which is called the dual representation of (V, 1,1, B).

Proof. By Proposition 3.8, (V, p, f) is a representation of the sub-adjacent n-Hom-Lie color algebra (N¢, [, ..., -], €, a)
on V. By Example 11, (V*, p*, (‘8’1)*) is arepresentation of (N“, [-,..., -1, €, a) on the dual vector space V*. Itis
straightforward to deduce that other conditions of Definition 3.2 also holds. We leave details to readers. [

The tensor product of two representations of an n-Hom-pre-Lie color algebra is still a representation.

Theorem 3.11. Let (V4,ly,,rv,, Bv,) and (Va,lv,, rv,, Bv,) be two representations of an n-Hom-pre-Lie color alge-
bra (N, {-,...,-},e,a). Then (V1 ® Vy,ly, ® By, + Bv, ® (ly, — 1v,), 1v, ® Bv,, Bv, ® Bv,) is a representation of
(N/{./"'l‘}/ela)'

Proof. By using the fact that (V4,1v,,rv,, Bv,) and (V, ly,, rv,, Bv,) are representations of (N, {-,...,},€, a),
then forall xq,..., %5, y1,..., Yu-1 € H(N), we have:

*(By, ® Bv,) o (rv, ® Bv,) (X1, ..., Xp—1) — (rv, ® Br,) © (Bv, ® pv, )a(x1), ..., a(xu-1))
= (Bv, o v, (x1, ..., X)) ® (By, ® Bv,) — (rv, (a(x1), ..., a(xn-1)) © Br,) ® (Bv, © B,)
=0

o(ly, ® By, + Bv, ® (Iv, — rv,))a(x1), ..., a(xn-1)) © (rv, ® Bv,) (Y1, - -+, Yu-1)

- G(Xn—lr Y”_l)(rvl ® ﬁVz)(a(]/l)/ ceey a(yn—l)) © HV1®Vz(x1/ cee rxn—l)

n-2
+ Z e(XYl—ll Yi—l)(rV1 ® ﬁVz)(a(yl)/ crcy 04(]/1‘—1)/ [xll crcy xn—ll ]/i]cz 0‘(]/1‘+1)/ cecy a(yn—l)) o (ﬁvl ® ,BV2)
i=1

+ G(Xn—lr Yn72)(7’V1 ® ﬁvz)((l(}/l)/ ceey a(yﬂi)r {x1,..., xn1, ynfl}) © (ﬁVl ® ﬁVz)

= (v, (a(x1), - .-, a(xn-1)) © v, (Y1, - - -, Yn-1)) ® (Bv, © Bv,)

+((Bvy o 1v)W1, -+, Yn-1) © (v, (alxr), - - ., alxn-1)) © ay,

= ((Bvy o rv) W1, - -+, Yn-1)) ® (ryy(a(x1), . . ., (x4-1)) © ay,

= €(X-1, Yu-1)(rv, ® Bv,)(a(y1), - - -, a(yn-1) © ((lv, ® By, + By, ® (ly, — 1v,))(x1, - - -, Xn-1)

n—1
+ Z(_l)ie(xir Xi+1,n—1)(rV1 ® ,BVz)(xlr ey -fi/ e Xn-1, xi))
i=1

n-2

+ Z e(Xn-1, Yir))(rv, (@), - .., aWiz1), [x1, -« X1, S, @Wisn), - -, @(Yn1)) © Br) ® (Bv, © Br,)

i=1
+€(Xn-1, Yu-2)(rv, (a(y1), - - -, a(yn-2), {x1, - -, X1, Yu-1}) © Pvy) ® (Bv, © Pv,)
= (ly,(a(x1), ..., a(xp-1)) o v, (Y1, - - -, Yu-1)) ® (Bv, © Bv)
+(Bvy o 1v)W1, -+, Yn-1) @ (v, (alxr), - . ., alxn-1)) © ay,
= (Bvy o rv)W1, -+, Yn-1) © (v, (a(xr), - - ., alxn-1)) © @y,
—€(Xn-1, Yu-1)(rv (a(y1), ..., a(Yn-1) © (ly,(x1, . .., Xu-1)) ® (By, © Bv,)
— (X1, Yu)(rvi (a(y1), - - -, ayn—1) © Bv,)) ® (Bv, © Ly, (x1, - -, Xn1)
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+ (X1, Yu1)(rvy (@(y1), - - ., a(Yn=1) © Bv,) @ (Bv, © v, (X1, . - ., Xu1)

n—1
- G(Xn—l/ Y}’l—l) Z‘(_l)ie(xi/ Xi+1,n—1)(7V1 (0‘(]/1)/ cecy a(]/n—l) o rV] (xll cecy fl‘/ cecy xn—ll xi)) ® (ﬁVz o ﬁVz)
i=1

n-2

+ Z €(Xu-1, Yic1)(rv, (@(y1), - - -, a(Yic1), [%1, -« -, X1, YilS, @(Yis1), - - -, @(Yn-1)) © Bry) @ (Bv, © Bv)
P

+€(Xn-1, Yu2)(rv, (@(y1), - - -, a(Yn—2),{X1, - . ., Xu=1, Yu-1}) © Br) ® (Bv, © Bv,)

=0

hd (TV1 ® ﬁVz)([xlr oo /xn]C/ 0‘(]/1); oo ra(yn—Z)) o (,BV1 ® ‘BV2)

- Z(—l)"_ie(xi, Xiv1,) (v, ® By, + By ® (I, — rv))@(x1), ..., &(X), - ., (X)) © (rv, @ Bu) Xy Y1, - -, Yu2)

i=1

= (rv,([x1, -, %0, @), -, &(Yu-2)) © Br,) ® (By, © Br,)

- Z(—l)"_ie(xi, Xisr) v, (@(x1), ., a(x0), -, &) © (v, (63, Y1, Yum2)) © (B, © Br)
-1

= YD e X ) By © v, (i Y, Yu2)) @ (va(xy), @) ) © )

i=1
) (1) e, Xina ) B, © v, (65, Y1, Yu2)) @ (rvyaxn), o @), - a(x)) © Brs)
i=1
=0.
By the same way, we show that the conditions (30) and (31) hold. The proposition is proved. [
Lemma 3.12. Let (V, 1,1, B) be a representation of an n-Hom-pre-Lie color algebra (N, {-, ..., },€, ). Then we have
(") =p and (r*)* =7,
where p* and r* defined by (38) and (39) respectively.
Proof. Letx; e HIN), 1<i<n-1, £ € V*and u € V, then we have
<@ e )W), & > =< () (a(n), .. ) (B2 (), € >
= = <), p*(a(x1), .., alxu-1))(E) >
== < B, p'(@(x1), ..., AP @-)((B72)(E)) >
=< pla*(a), ., (@) (B (W), (B2 (£) >

=< E(xlr ey xn—l)(u)/ é >/
Then (p*)* = p. Similarly, we have (r*)* =r. O

Proposition 3.13. Let (V, 1,1, B) be a representation of an n-Hom-pre-Lie color algebra (N, {-,...,-}, €, a), where B is
invertible. Then the dual representation of (V*, p*, —r*,(371)") is (V, p, =7, B).

Proof. 1t is obviously that (V*)* = V and (((87!)*)™!)* = B. Using also Lemma 3.12, we obtain the result. [J

Proposition 3.14. Let (V, 1,1, B) be a representation of an n-Hom-pre-Lie color algebra (N, {-,...,-}, €, a), where B is
invertible. Then the following conditions are equivalent:

1. The quadruple (V, p, -1, B) is a representation of the n-Hom-pre-Lie color algebra (N {-,...,-}, €, a).
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2. The quadruple (V*, p* +1*,1*,(B~1)") is a representation of the n-Hom-pre-Lie color algebra (N, {-,...,"},€, a).

3. r(a(x1), ..., a(@u-1 (Y1, - - -, Yn-1) = —€(X-1, Yu-1)r(@(y), - - ., a(Yn-1))r(x1, - . ., Xn1), forall xi, yi € HN),
1<i<n-1.

Proof. The equivalence of conditions 1 and 2 is deduced directly from the Theorem 3.10 and Proposition
3.13. By using the fact that (V, ], , B) is a representation of an n-Hom-pre-Lie color algebra (N, {-,...,},€,a),
we deduce that conditions 1 and 3 are equivalent. [

Corollary 3.15. Let (N, {-,...,-},€,a) be a reqular n-Hom-pre-Lie color algebra. Then (N*,ad*,—R*,(71)") is a
representation of (N, {-,...,-}, €, ).

Definition 3.3. Let (N, {-,...,}, €, a) be an n-Hom-pre-Lie color algebra and (V, 1,1, B) be a representation of N. A
linear map T : V — N of degree zero is called Kupershmidht operator (called also O-operator) associated to (V, 1,1, B)
if it satisfies

aoT

ToB, (40)
n-1

T(Z(Tul/ ey Tun—l)(un) + Z(_l)i+1€(uil ui+1,n)r(Tu1/ ey f”\li/ ey Tun)(ui))r (41)
i=1

Yue HV), 1 <i<n If(V,I,r,f) = (N,L,R,a), then T is called a Rota-Baxter operator on N of weight zero
denoted by P.

{Tul,...,Tun}

Proposition 3.16. Let P be a Rota-Baxter operator of weight zero on an n-Hom-pre-Lie color algebra(N , {-, ..., -}, €, @).
Then (N, {-,...,)p, €, @) is an n-Hom-pre-Lie color algebra where {-, . .., }p is defined by

n

o1, Xdp = Y AP(), -, PGxio), Xy P, -, ()],
i=1

forallxie HIN), 1<i<n.
To show this proposition we need the following lemma.

Lemma 3.17. Let P be a Rota-Baxter operator of weight zero on an n-Hom-pre-Lie color algebra (N, {-,...,},€, ).
Then P is a Rota-Baxter operator of weight zero on the sub-adjacent n-Hom-Lie color algebra N°.

Proof. It is obvious that« o P = P o a.
Letx; € H(N), 1 <i<n,wehave

[P, .., P)I = Y (<1 e (i, Xt )P(1), ., P(xi), .., P, PG}
i=1

n

= Y (-1 e, Xen )P ) (PGe1), X, P, ., P), (i)
i=1

=1

= P( ) Y (~1)" e, Xea )PGa1), X, PO, ., P), (i)
j=1 i=1

n

= P( Z[P(xl), X PO,

j=1
Then P is a Rota-Baxter operator of weight zero on (NS, [-,...,-]%,¢,) O

Remark 3.2. P({xy,...,x4)p) = {P(x1),...,P(xy)}, Vx; € H(N), 1 <i<n.
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Proof. Proof of Proposition 3.16 Let x;, y; € H(N), 1 <i < n — 1. By using Remark 3.2 and condition (19),
we have

n—-1

(aa), - @), - alole = ) (P@)) - @), o, Pla@un)), P, - yile))
i=1

+{P(a(x1)), ..., Pla(xn-1)), {1, .., Yulp}

{P(a(xl)) ( )/ s /P(a(xn—l))/ {P(yl)/ ey P(yn)}}

+ Z P(@(x1)), ., PlaCer0), (PG - Y- Pyl

n-1
= E(Xn 1s Y] 1){C¥(P(]/1)) /[P(xl)/~--/xi/---/P(xnfl)rp(yj)]cl-' /a(P(yn))}

i=1 j=1

+ e()(nfl/ Ynfl){a(P(yl))/ e /a(P(]/n—l))/ {P(xl)/ ceesXigeon /P(xi)/ P(]/n)}}
n -1

+ Y et Vi Py, -, [P, -, o), PUIS, - @y, - (P ()}
i=1 j=1
n  n-1

£ )Y e, Vi aPn), - @y, [P, o PG, PUIIS, -, aPy )}
i=1 j=i+l

+ Y e, Vi laP@n)), - [P, o POaca), il - (P}

+ e(Xn—lr Yn—l){a(P(yl))r .. ra(yi)/ ey a(P(yﬂ—l))/ {P(xl)/ o /P(xn—l)/ P(yn)}}
By using (19), a direct computation gives that

n-1

{la(x1), ..., a(1), v, yalplp = Z (X1, Yicla(), ..., a(yic), Ax1, - - ., X, Yide, a(Wisa), - - - a(ya)lp

i=1
+ e(anll Yn—l){a(]/l)/ ey a(]/n—l)/ {'xll cee s Xn-1y yn}P}Pl

which implies that {-, ..., }p satisfies the condition (19). By the same way, we show that the condition (20) satisfies by
{,...,-}p. Then {,...,-}p gives an n-Hom-pre-Lie color algebra structure on N. [

Proposition 3.18. Let (P1, Py) be a pair of commuting Rota-Baxter operators (of weight zero) on an n-Hom-Lie color
algebra (N, [-,...,"],€,a). Then P, is a Rota-Baxter operator (of weight zero) on the associated n-Hom-pre-Lie color

algebra defined by
{xll' . '/x}’l} = [Pl(xl)/ . -/Pl(xn—l)/xn]/ vxi € 7’{(/V)/l S l S n.

Proof. For any x; € H(N), 1 <i<n, wehave

aoP,=Poa
{P2(x1), - .., P2(xn)} = [P1(P2(x1)), - - ., P1(P2(xy-1)), P2(xn)]
= [P2(P1(x1)), - - -, Pa(P1(x4-1)), Pa(x4)]

= Pz([PZ(Pl(.X])), S ,PZ(Pl(xn—l))r Xn]
n—1

+ ) (1) e(xi X ) [P2(Pr(x), ., P2(PLx), -, PP (), Pr(30)])
i=1

= Py({Pa(x1), . . ., Pal(1), Xu)

n-1
+ Y (1 e, X, Pax1), ., Pa3), - Pa1), Pa())
i=1
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Then P, is a Rota-Baxter operator (of weight zero) on the n-Hom-pre-Lie color algebra (A, {-,...,},€,@). O

4. n-Hom-pre-Lie color algebras induced by Hom-pre-Lie color algebras

In [34], the authors introduced the construction of an (n + 1)-pre-Lie algebra from an n-pre-Lie algebra
using the trace map. In this section we generalize this construction to the color case of Hom-type by
a new approach which is the construction of an n-Hom-pre-Lie color algebra from a Hom-pre-Lie color
algebra, the same work has been studied in the Hom-Lie super case ( see [43]). We start with the data
of an homogeneous e-skew-symmetric (n — 2)-linear form ® : N x --- X N — K of degree zero (ie.
D(x1,...,%2) =0, Yx; € HIN), 1 <i<n-2,where |x1| + -+ + |x,_2| # 0) and we define from this form an
n-linear map e-skew-symmetric on the first (n — 1) variables. A Hom-pre-Lie color algebra is a quadruple
(N, 0, €, a) consisting of a I'-graded vector space NV, an homogeneous bilinear map o : N XN — N of degree
zero and an homogeneous linear map « : N — N of degree zero such that, the following condition hold:

ass(x, y,z) — e(x, y)ass(y,x,z) =0, Yx, y,z € H(N), (42)
where, ass(x, y,z) = a(x) o (y o z) — (x o y) o a(z).

Let (N, o, €, @) be a Hom-pre-Lie color algebra. Define the n-ary product as follows:

n—-1

{xll cecy xn—ll xn}CD = Z(_l)k+1€(xkl XkJrl,Vl*l)q)(xl/ cecy fk! cecy xn—l)(xk o xn)r (43)
k=1

forall xy € H(N), 1 <k <mn.

It is clear that {-, .. ., -Jo is an homogeneous n-linear map of degree zero.
Proposition 4.1. The n-ary product {-,...,-}o is €e-skew-symmetric on the first (n — 1) variables.

Proof. Letxy,...,x, € H(N), thenforallie{l,...,n -2}, we have

{xll e Xig Xigly oo oy xn—llxn}CD

= ) DM X u )P, X Xt By X0 1) (X © )
1<k#i,i+1<n-1

+ (1) e(xi, Xiv1,u1)P@1, -+, R, Xivt, -+« Xnm1) (X © Xn)

+ (=1 €(xis1, Xivan1)P@1, -+, X1, Xivt, + -+, Xne1)(Xi © Xir)

k1 R
== G(Xi,xi+1)( 2 (=1 eCxk, Xiear,n-1)P(1, - - X1, Xiy oo, Ky -+, Xn=1) (X © Xp)
1<k, ir1<n—1

+ (—1)'e(xi, Xian-1)P(x1, - ., i, X1, - -, Xn-1)(1410X)
+ (= 1) e, Xivtu )P, - Xy X+, X1 )iv © X))
= —e(xi, Xin1){X1, -+ Xiv1, Xy« o, X1, Xk,
which gives that {-, ..., -}o is e-skew-symmetric on the first (n — 1) terms. O

Theorem 4.2. Let (N,o,a) be a Hom-pre-Lie color algebra and @ : N X --- X N — K be an (n — 2)-linear
e-skew-symmetric form of degree zero. Then (N, {-, ..., }o,€, a) is an n-Hom-pre-Lie color algebra if and only if:

D(xq...,x,y02,Xi11,...,%4-3) =0, Vx;,y,z€e HIN), 1 <i<n-3, (44)

Do(a®ld®---®Id) =, (45)

DAODx =0, VX = (x1,...,X,-3) € A"SH(N), (46)
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where

n—1
DA ODx(Y) = Z(—l)kﬂe(yk, Yirtn-)@W1, - Por oo Y1) yi), VY = (1, .., Yuor) € ATIH(N),
=1

and {-, ..., }o is defined by Eq.(43). We shall say that (N, {-,..., }o,€,a) is induced by (N, o, €, a).

Lemma 4.3. If an e-skew-symmetric (n —2)-linear form @ : N'x---xX N' — K of degree zero satisfies condition (44),
then it satisfies the following condition

(I)(xlr e /xi/ {ylr sty yn}®/xi+1/ e /xn73) = 0/ (47)
forallx;, y; € HIN), (i,j) €{1,...,n =3} x{1,...,n}.
Proof. This is a direct computation, by using the expression of {-,...,}o. O

Proof. [Proof of Theorem 4.2]
Letx;,yie HN), 1 <i<n.

On the one hand, we have:

M = {a(xl), e ,a(xn,l), {yl, ey yn}(p}(p

n-1
Y (D, Xi ) ®@), .., @), -, &l ))@() oy, -, Yulo)

i

=
_

n—

(=1 e, Xi1n)e(W), Y jsr,0-0)@(@(1), ., @), ., aCe))PWY1, -, Ty o) Yot )@(X:) © () © Y))-

1
i1 =1
On the other hand, we have:

n-1

N = Z X1, Yoy, - .., ayjo1), [x1, - xue1, Y15, @), - - an)lo
=
+ e(anll Yﬂ*l){a(yl )/ ey a(yn—l )/ {xll cee s Xn-1, Yn }(I) }(I)
n—-1
= Z(—l)we(xmlf Yi1)e(xi, Xivino1 + yila(y), ..., alyi-), Ax, ..., %, oo X0t Y Xide, a(Yjsn), - - - a(Yn)o
=1

n-1
+ Z eXur, Yio)la(yr), ... a(yj—1), {x1, - Xu1, Yido, a(Yis), - - - a(Yn)lo
=1

+ E(anlr Yn—l){a(l/l)/ ey 04(]/7:—1)/ {xll ey Xn-1, yn}’i)}q)
=N;+ N, + N3,

where

n—1
Nl = Z(_l)ﬂ—ie(xn_l/ Y]‘_l)e(X[, Xi+1,n—l + ]//){a(]/l)/ ey a(yj—l)l {xll ey -fi/ cee s Xn-1, ]/// xi}‘l’/ 0‘(]/j+1)/ ey 0‘(]/;1)}(I>

ij=1
n-1 j-1

= YN ), 6, @), 1 Fo e X, Y X () @) © (y)
ij=1 k=1
n-1 n-1

+ Z Z (_1)n_l+k+1yije(ykr Xn—l)q)(a(yl)/ ey a(yj—l)/ {xll ey fi/ e Xn-1, y]/ xi}@/ o
ij=1 k=11

e @) (Y1) ) (@) © alyn)
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n-1
+ Z(_l)n_[+j+19ijq>(a(yl)/ ey (@/ ey a(yn—l))({xlr o /-fi/ ey Xn—-1, y]/ xi}CI) o a(yn))
ij=1
where
Vij = €(Xn-1, Yi1)eWi, Xivin-1 + Y)EWk, Xn-1 + Yis1,n-1),
and

0ij = e(Xu-1, Yj-1)e(xi, Xiviu1 + y)e(Yjurn-1, Xu-1 + Y)).

Using Eq. (47), we notice that the first two terms of the second equality of N; are zero, which gives that

n-1 n-1

N; = Z Z(—l)"’”f”e,-j@(a(y1), @YD), @)X Fiy e X1, Yy X © ()
=1 i=1
n-1 n-1 n-1

= (=11 0,50(a (), -, &Yy, - - AWYu))PC, < By ey iy X, ) (6 0 %) © A(Y))

k=1
n-1 n-1

+ Z Z(—n”fe,-,-q)((a(yl), 0, @Y )P, - Fiy e X 1) (Y 0 X5) © a(y))
=1 i=1

=N +N,,

where Qijk = Qi]‘E(xk, Xk+1,n—l +Xx; + y])

By the same way, we have:

=
|
-

(X1, Vi), - - ., ayj1) %1, - - - X1, Yo, a(Yjna), - - a(Yn)loe

Z
1
™

=
|
-

(e, Yi))e(Yjr 1 + Y)R@(), -, a(Y)), -, (W) (X1, - Xnc, Yo © (W)

™

=
|
-

n—

1
D)MAR@0), - @), AW DO, -, iy, Xt ) (X3 © 1)) 0 Y)),
i=1

Il
—

J
where A;; = e(Xy1Yj-1)e(Yjs1,n-1, Xnoa + Yj)e(xi, Xiz1,0-1) = Oij€(xi, y),
and

N3 = €()(}‘17‘1/ Yﬂ*] ){a(]/l )/ ey a(]/n—l)/ {X], e Xn=1,Yn }‘D}CI’

2
_

(_1)j+1€(Xn—1r Yn—l)e(yj/ Yj+1,n—1)q)(a(y1)r LR /(y\j)/ LR a(yn—l))(a(yj) o {xll ey Xn—1, yn}CD)

RN
_

=
_

—

(—1)i+jvij®(a(y1), ce @) (Y1 )Px, K X)) (@(Y)) © (X0 0 Ya)),

1

—
I
—

j:
where vij = €(Xy-1, Yu-1)€(Yj, Yjs1,0-1)€i, Xivi.n-1) = €(xi, Y)€W), Y js1,0-1)€i, Xiv1,0-1), since @ is of degree zero.
If we fixed i, k in the expression of N}, then , we get:

n-1 n-1 n-1

Ni = (=110 D), - .- ,a(Ay]v), o Y ))POL, e, Xy Ry, X, Y (X © X3) © a(Ya))
=1 ke

841
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_

n-1

(Y M0, @), @ a)OCE, - By By X0, Y)) (0 ) 0 ()
1

j=1

n—

n-1
i=1

0/

o~

#i

o=

this from Eq. (46) and the fact that ® is of degree zero. Moreover, if we apply condition (45), we find

M-N=M-N,-N,-Ns

n—1 n—

1
(~1)Ye(xi, X n1€(Wj, Yt @1, ., (X)), o, 0m)@W1, oo, Uiy ooy Y1)
1

1
i=1 j=

(axi) o (yj 0 yu) = (xi 0 ) © aly) — €, y)(@(y)) © (x; © yu) = (yj 0 x3) 0 a(yn))))

-
—

n—

= (_1)i+j€(xi/ Xi+1,n—1)€(]/j/ Yj+1,n—1q)(x1/ ey /(x\i)/ ey xn—1)®(yl/ ey ]/A// ey ]/n—l)

n—

I
—
-
Il
—_

(ass(xi, Yjs Yn) — €(xi, yj)ass(y;, xi, yn))
= O,

The last equality follows from the fact that (N, o, €, @) is a Hom-pre-Lie color algebra. Then {, ..., }o satisfies condition
(19) on N. Similarly, we show that {, ..., -}o satisfies condition (20) on N. The theorem is proved. [

Let us given a Hom-pre-Lie color algebra (N, o,€,a) and a bilinear form ® : N X N — K of degree
zero satisfying conditions (44), (45) and (46). Then by Theorem 4.2, the quadruple (N, {-,-, -, ‘Jo,€,a) is a
4-Hom-pre-Lie color algebra.

Example 4.4. Let T = Z, and €(i, j) = (—1)/. Let N = N5 & N5 be a two dimensional Z-vector space with a basis
{e1, e2}, where N =< ey > and N7 =< ey >. Define on the basis of N the bilinear map o : N x N — N of degree
zero by:

€y 06y = e,

and the linear map o : N — N by:
aler) =0, alez) = e.

Then (N, o, €, ) is a Hom-pre-Lie color algebra.

Now, we define the e-skew-symmetric bilinear form ® : N x N — K by
@(62,62) =A, AeK".

It is obvious that © satisfies the conditions (44)-(46). Then, by Theorem 4.2, the quadruple (N, {-,-,",lo,€,a) is a
4-Hom-pre-Lie color algebra, where {-,-, -, o defined on the basis of N by

{e2, e0,2, 2} = Aey.

Quite normal and thanks to the importance of the representation theory, any reader asks the following
question: Can we also extend this work to representation, i.e. is it possible to construct an n-Hom-pre-Lie
color algebra representation from a Hom-pre-Lie color algebra representation? The answer is yes, but the
question requires us to define the representation of a Hom-pre-Lie color algebra (N, o, €, @) which is defined
as a quadruple (V,/,r, B) consisting of a I'-graded vector space V, two linear maps I,r : N — End(V) of
degree zero and a linear map f: V — V of degree zero such that the following conditions hold:

BIx) = a(x))B, Vx € H(N), (48)
Br(x) = ra()B, Yx € H(N), (49)
([x, 1B = Ia@)I(y) - e(x, PHaw)IE), Yx,y € HN), (50)



O. Ncib / Filomat 39:3 (2025), 819-845 843
ra)r(x) - r(x o y)p = rlay)(x) - e(x, y)rla@)(y), Yx,y € HN), (51)

where [x, y]¢ = xoy —e(x, y)y o x, ¥x,y € H(N), which is defined a Hom-Lie color algebra on N called the
subadjacent Hom-Lie color algebra of (N, o, €, a).

Remark 4.1. Conditions (48) and (50) are equivalent to saying that | is a representation of the Hom-Lie color algebra
N, [, 1S, €, @) with respect to B.

In the sequel, we allow to answer the previous question which is summarized by the following propo-
sition.

Proposition 4.5. Let (V,1,r,B) be a representation of a Hom-pre-Lie color algebra (N, o, €, &) and ® be an e-skew-
symmetric (n — 2)-linear form of degree zero satisfying conditions (44)-(46). Then (V,le, e, B) is a representation
of the induced n-Hom-pre-Lie color algebra (N, {-,...,-}o,€,a), where lp,r¢ : N X --- X N — End(V) are two
(n = 1)-linear maps of degree zero defined by

n—-1
ZCD(xlr ceey xn—l) = Z(_l)k+1€(xk/ Xk+1,n—1q)(xll cecy -fk/ .. /xn—l)l(xk)/ (52)
k=1
ro(X1, ..., Xn-2, Xn-1) = P(x1, .. ., Xp-2)1(Xn-1), (53)

foralxy e HIN), 1<k<n-1
Proof. Let (V,1,r,B) be a representation of (N, o, €, @). Defining the map Pngy : NOV x---xN@V — Kby
Drev(X1 +Ul, ..., Xno +Uy2) = D(xq,...,%50), i € HN), u; € H(V), 1<i<n-2.

Then @y satisfying the conditions (44)-(46) on the semi-direct product n-Hom-pre-Lie color algebra
N Xf‘;ﬁ V. Then by (43), we have an n-Hom-pre-Lie color algebra structure on N @ V given by

o1 +ug, .., X0+ Unloy

=
iy

(=1 e(xr, Xis1n-1)PNav (X1 + U1, oo, X T By oo, Xy + un—1)((xk + k) onev (Xn + Mn))

k=1
n-1
= Y (D) e, Xirn)PCe1, - T Xnn) (i © X + L) () + (= 1) () () )
k=1
n—1
= {xll crcy x}’l}(D + lq)(xll cecy xn—l)(un) + Z(_l)k+1€(xk/ Xk+1,n71)r®(x1, e /-fk/ cecy x?’l)(uk)'
k=1

By applying Proposition 3.7, we deduce that (V, lo, 7o, f) is a representation of (N, {-,...,Jo,€,a). O
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