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Abstract: The present paper is devoted to the study of local and
2-local %—derivations of quasi-filiform Lie algebras of maximum
length. We describe local %—derivation of quasi-filiform Lie algebras
of maximum length. Therefore, these quasi-filiform Lie algebras of
maximum length have local %—derivations are not %-derivations.
Moreover, similar problem concerning 2-local %—derivations of such
algebras is investigated.
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1 Introduction

The notion of §-derivations was introduced by V.Filippov for Lie algebras
in [18, 19]. The space of d-derivations includes usual derivations (§ = 1),
anti-derivations (6 = —1) and elements from the centroid. In [19] it was
proved that prime Lie algebras, as a rule, do not have nonzero §-derivations
(provided § # 1,—1,0, %), and all %—derivations of an arbitrary prime Lie
algebra A over the field F of characteristic p # 2,3 with a non-degenerate

symmetric invariant bilinear form were described. It was proved that if A
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is a central simple Lie algebra over a field of characteristic p # 2,3 with a
non-degenerate symmetric invariant bilinear form, then any %-derivation ®
has the form ¢(z) = Az for some A € F.

In [20], d-derivations were investigated for prime alternative and non-
Lie Malcev algebras over the ring of operators F, and it was proved that
alternative and non-Lie Malcev algebras with certain restrictions of F have
no non-trivial d-derivation. The description of J-derivations of classical Lie
superalgebras was given in [26]. 0-derivations of finite-dimensional semisimple
Jordan algebras over the field of characteristic p # 2 and d-superderivations
of finite-dimensional simple Lie and Jordan superalgebras were investigated
in [27]. Zusmanovich in [39] described o-(super)derivations of prime Lie
superalgebras. Specifically, he proved that a prime Lie superalgebra has no
non-trivial J-(super)derivations for § # 1,—1,0,%. Moreover, in [38] it is
proved that any d-derivation of a finite-dimensional simple Jordan algebra
with values in a finite-dimensional unital irreducible bimodule is, in a sense,
trivial.

Nowadays, local and 2-local operators have become popular for some non-
associative algebras such as the Lie, Jordan, and Leibniz algebras. The
notions of local derivations were introduced in 1990 by Kadison [24] and
Larson, Sourour [30]. Later in 1997, Semrl introduced the notions of 2-local
derivations and 2-local automorphisms of algebras [32].

Investigation of local derivations on Lie algebras was initiated in [9] by
Ayupov and Kudaybergenov. They proved that every local derivation on
semisimple Lie algebras is a derivation and gave examples of nilpotent finite-
dimensional Lie algebras with local derivations that are not derivations. In
[6], local derivations of solvable Lie algebras are investigated, and it is shown
that in the class of solvable Lie algebras there exist algebras that admit local
derivations that are not derivations and also algebras for which every local
derivation is a derivation. Several authors investigated local derivations for
the finite or infinite dimensional Lie and Leibniz algebras [3, 4, 5, 7, 10,
12, 17, 25, 23, 28, 34, 36]. It was proved that all local derivations of the
following algebras are derivations: Borel subalgebras of finite-dimensional
simple Lie algebras; Witt algebras; solvable Lie algebras of maximal rank;
Cayley algebras; locally finite split simple Lie algebras; the Schrédinger
algebras; conformal Galilei algebras.

Several papers have been devoted to similar notions and corresponding
problems for 2-local derivations and automorphisms of Lie algebras 2, 8, 11,
12, 13, 14, 15, 16, 23, 33, 35|. Specifically, in [8] it is proved that every 2-local
derivation on the semisimple Lie algebras is a derivation and that each finite-
dimensional nilpotent Lie algebra, with dimension larger than two, admits
2-local derivation which is not a derivation. Let us present the list of Lie
algebras for which all 2-local derivations are derivations: finite-dimensional
semisimple Lie algebras; Witt algebras; locally finite split simple Lie algebras;
Virasoro algebras; Virasoro-like algebra; the Schrodinger-Virasoro algebra;
Jacobson-Witt algebras; planar Galilean conformal algebras.
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Investigation of local and 2-local §-derivations on Lie algebras was initiated
in [29] by A.Khudoyberdiyev and B.Yusupov. Namely, in [24] it is proved we
introduce the notion of local and 2-local §-derivations and describe local and
2-local %—derivation of finite-dimensional solvable Lie algebras with filiform,
Heisenberg, abelian nilradicals. Moreover, we give the description of local
%—derivation of oscillator Lie algebras, conformal perfect Lie algebras, and
Schrédinger algebras. B.Yusupov, V.Vaisova and T.Madrakhimov proved
similar results concerning local %—derivations of naturally graded quasi-filiform
Leibniz algebras of type I in their recent paper [37]. They proved that quasi-
filiform Leibniz algebras of type I, as a rule, admit local %—derivations which
are not 3-derivations. Similar problem [31] U.Mamadaliyev, A.Sattarov and
B.Yusupov investigated local and 2-local %—derivations on Leibniz algebras.
They proved that any local %—derivation on the solvable Leibniz algebras
with model or abelian nilradicals, whosecomplementary space with maximal
dimension is a %—derivation. They proved that solvable Leibniz algebras with
abelian nilradicals, which have 1-dimensional complementary space is a %-
derivation. Moreover, similar problem concerning 2-local %—derivations of
such algebras are investigated and an example of solvable Leibniz algebra
given such that any 2-local %—derivation on it is a %—derivation, bu which
admit 2-local %—derivations which are not %—derivations.

In this work, we investigate local and 2-local %—derivations of quasi-filiform
Lie algebras of maximum length. We describe local %—derivation of quasi-
filiform Lie algebras of maximum length. Therefore, these quasi-filiform Lie
algebras of maximum length have local %—derivations are not %—derivations.
Moreover, similar problem concerning 2-local %—derivations of such algebras
is investigated.

2 Preliminaries

This section will discuss the concepts and known results on algebras over
the field C unless otherwise stated.

Definition 1. Let (£,[—,—]) be an algebra with a multiplication [—,—]. A
linear map ¢ is called a §-derivation if it satisfies

plz,yl = 0(le(@), ¥l + [, 0 (y)]),
where § from the ground field F.

Note that 1-derivation is a usual derivation and (—1)-derivation is called
an anti-derivation. If ¢; and @9 are d; and ds-derivations, respectively, then
their commutator [p1, 2| = @192 —pap1 is a d1da-derivation. The set of all o-
derivations, for the fixed d, we denote by Ders(£). For the Lie algebras, the
notion of anti-derivations coincides with the notion of reverse derivations,
which was studied by Herstein in [22]. Note that the main example of %—
derivations is the multiplication by an element from the ground field, i.e.,
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¢(z) = Az for all 2 € £. Such kind of 1-derivations are called trivial -
derivations.

Since the notions of local operators can be defined for any type of operator,
the notions of local and 2-local §-derivations are defined as follows:

Definition 2. A linear map A is called a local 6-derivation, if for any x € £,
there exists a d-derivation ¢, : £ — £ (depending on ) such that A(x) =
wz(x). The set of all local -derivations on £ we denote by LocDers(£).

Definition 3. A map V : £ — £ (not necessary linear) is called a 2-local
d-derivation, if for any x,y € £, there exists a §-derivation g, € Ders(L)
such that

V(z) = (Pz,y(m)v V(y) = @m,y(y)'

It should be noted that 2-local d-derivation is not necessarily linear, but
for any x € £ and for any scalar A, we have

V()\I) = SDLE,Aw(Ax) = )‘QOLE,A:B(SU) = )\V($)

In this work, we focus on investigating local and 2-local %—derivations.
Since any %—derivation is a local and 2-local %—derivations, we are interesting
on local and 2-local %—derivation, which is not a %—derivation. Such local
(resp. 2-local) 3-derivations we call non-trivial local (resp. 2-local) 2-derivations.

Lower central series for a given Lie algebra £ is defined as follows:
gl=g ghtl—[gr e] k> 1.

Definition 4. A Lie algebra £ is said to be nilpotent, if there exists k € N
such that £F = {0}. The minimal number k with such property is said to be
the index of nilpotency of the algebra £.

Definition 5. An n-dimensional Lie algebra is called quasi-filiform if its
index of nilpotency is equal to n — 1.

Now, let us define a maximum length for the nilpotent Lie algebras.

A Lie algebra £ is Z-graded, if £ = @,., Vi, where [V;, V;] C V;; for any
1,7 € Z with a finite number of non-null spaces V;. We say that a nilpotent
Lie algebra £ admits the connected gradation £ =V, @ --- @ V4,, if
Vi, # {0} for any i (1 <i <t).

Definition 6. The number [(®L) =1(Vi, & - @ Vi,) = ke — k1 + 1 is called
the length of gradation. A gradation is called of maximum length, if
l(@L) = dim(L).

We denote [(£) = max{l(©L) such that L = Vi, @®---®V}, is a connected gradation }
of the length of an algebra £.

Definition 7. A Lie algebra £ is called of maxzimum length if [(£) =
dim(£).

In the following theorem we present the classification of quasi-filiform Lie
algebras of maximum length given in [21].
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Theorem 1. Let L be an n-dimensional quasi-filiform Lie algebra of mazimum
length. Then the algebra L is isomorphic to one of the following pairwise non-
isomorphic algebras:

[e1, ei] = €it, 2
In) - leiyeni] = (=1)e,, 2 <i< Pl n>5 and nis odd;

le1, 6] =eiy1, 2<i<n-—2,
I(n,1) [eiren] = €iyo, 2<i<n—3, n>5;
ler, el =€iy1, 2<i<n-—2,
Iin1y ¢ leiren] = €iy2, 2<i<n-—3
[e2,e] =e€ir3, 3<i<n—4, n=>T

61,€i]:€i+1, 2§i§7,
. €2,€;| = €j19 3<i<4
[61,65] = eit1, 2§’L§5, ) 1] 1+25 )
1 e2,e5] = 3er,

[ei,er—i] = (—1)fey, 2 <i<3;

[
[
gt 2 { [ea, €] = eiqa, 3<i<4, g2 {
[
[

le1, €] = eiy1, 2<1<09,

[e2, €] = €12, 3<i <4,

[e2, €] = —eita, 6<i<T7
g { les,ez] = —ex,

les, ei] = eits, 4 <i <5,

lea, €i] = €ita, 5 <14 <6,

[ei,e11-4] = (—1)%e1;, 2<i<35,

where {e1,ea,...,en} is a basis of the algebra.

In the following theorem we present the i-derivation of quasi-filiform Lie

2
algebras of maximum length given in [1]

Theorem 2. Any %—derivatz’on @ of quasi-filiform Lie algebras of mazimum
length has the following form:
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e for algebra g(ln 1)(n =5):

2

p(e1) = arer + azes + ages + ageq + ases,
¢(e2) = Bre1 + Paea + PBzez + 5464 + Bses,
¢(e3) = 3(a1 + Pa)es + 25364 Fages,
o(es) = 7(3ar + 52)64 + Jages,

| ¢(es) = 3B1ea + 3(a1 + 3Ba)es;

e for algebra g(ln 1)(n >7):

n
pler) = > aze,
i=1
p(e2) = arez + Bn—2en—2 + Bu-1€n—1 + Buen,
ples) = arez + 3n-2en—1 — 3n—2en,
p(ei) = are; + ( 2) Qp—it1€n, 4 <i<n—1,
So(en) = (1€np;
e for algebra g( 1)( =5):

(e1) = arer + ages + azez + aseq + ases,
¢(e2) = Baea + Bzez + PBaes + Pses,
p(e3) = (a1 + Ba)es + 5(Bs — as)eu,
(e4) = §(3ou + Ba2)ea,

( —agez + yaeq + 3(3a1 — Pa)es;

D
ot
N

Il

go(el) are1 + ases + azes + ageq + ases + ageg,
p(e2) = arez — 3ages + Baeq + Pses,

p(es) = ares — 2ages + 3 Baes,

p(eq4) = areq — 5ages,

p(es) = azes,

p(eg) = —ages — ageq + yse5 + agep;

e for algebra g( )(n >7):

( n

—1
e1) = >, aje,,
=1

©
I

=

(

(62) « €2+Bn 2€n— 2+/3n 1€n—1,
(e3) = 6’3+25n 2€n—1,
(
(

€ 6

e)=aie, 4<i<n-—1,

n—2
olen) =— Y ®i—1€; + Yn—1€n—1 + Q1€p;
\ 1=3

S
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e for algebra g( )(n =T7):

,

p(e1) = arer + ages + azez + ey + ases + ages,
p(e2) = aren + 4agey + ﬁ565 + Bees,

p(e3) = ares + 204265 + 2(B5 — a3)es,

p(es) = areq + 04266,

p(es) = ares, p(es) = aies,

p(er) = —asesz — azeq — aues + Yeep + Qre7;

e for algebra g( )(n >8):

n—1
pler) = arer + Y aze;,

=3

n_3

2 62) ajeg + Z Qv — 2€z+/8n 2€n— 2+Bn 1€n—1,

e) =aje, 4<i<n-—1,
n—2

(
ples) = ares + 3 (5n 2 — Qn—4)€n-1,
(
(en) = — Z Q1€ + Yn—1€n—1 + Q1€np;

(e1) = aner + ageg + ayeq + ases + ageg + arer,
(e2) = ares — sazes + Bses + Boes + Brer,
(e3) = ares — 2ages + (85 — au)es — yaser,
ples) = areq — 3ases + sauer,
(e5) = ares — %04367,

(e6)

(e7)

(e1) = arer + 0565 + agep + arer + ages + agey,
(e2) = arez + saseq + 5767 + Bses + 5969,
p(es) = ares — 304567 +3 (ﬁ? — bag)es — garey,

(e4) = c1eq + Oé5€8+ a669,
(e5) = e 204569,
(ei) = are;, 6<i<9;
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e for algebra g3 :

(

o(

€ € € 6

€5

S

€6
Pleq

e1) = aner + ages + arer + ageg + ageg + aipelo + arient,
e3) = area — ager — Oé7€8 + Boeg + Broe1o + Prie1t,
e3) = ae3 + 259610 2019611,
e1) = a1eq + sazer + saseit,
)=
)
)

:
Qares — 5046610 sareln,
alee + 2046611,

are;, 1<1<11.

3 Local and 2-local %—derivations on quasi-filiform Lie

algebras of maximum length

3.1. Local %-derivations on quasi-filiform Lie algebras of maximum

length..

filiform Lie algebras of maximum length.

Theorem 3. Any local %-dem‘vation A of quasi-filiform Lie algebras of maximum

length has the following form.:

e for algebra g(n p(n=>5):

e1) = aje1 + ages + azes + aqgeq + ases,

€2) = age1 + ares + ages + agey + aipes,
€4) = ai14€4 + ayses,
€5

> > > > >

(e1)
(e2)
(e3) = ai1e3 + aizeq + aizes,
(e4)
(e5)

= aig€4 t+ aives;

e for algebra g(ln 1)(n >7):

In this subsection we investigate local %-derivations on quasi-

A(el) = Z a;€e;,
i=1
A(eg) = biea + baep—_o + bzen—1 + baey,
Al(es) = cies + coen—1 + 36, (1)
A(e;) = cre; +cien, 4 <i<n-—1,
Alen) = dep;
e for algebra g(zn 1)(71 =5)

= aie] + aseq + azesz + ageq + ases,
= ages + ares + ageq + ages,
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e for algebra g(n 1)(n =6):

A(el) = aj1e1 + ageg + azes + aqeq + ases + agés,
A(eg) = ayeg + ages + ageq + aip€s,

A(e3) = ar1es + aizeq + aizes,

A(eq) = arseq + arses,

A(es) = aiges,

A(eﬁ) = a17€3 + aig€éq + a19€s5 + areeq;

e for algebra g(n 1)(71 >7):

n—1

A(€1) - Z a; €,
=1
A(eg) = aieg + c1€p—2 + C2€p_1,
A(e3) = ares + cpen—1,
Ale;) = aq ez, 4<i<n-1,
1

Alen) = — Z Ci€; + a1€n;

=3

e for algebra g(n 1)( =T7):

A(e1) = are1 + azea + azes + aseq + ases + ages,
A(ez) ajes + areq + ages + ageg,

A(es) = ares + aipes + aries,

A(es) = areq4 + aizes,

A(e5) = ajes, A(€6) = ajé€ep,

A(er) = ai13e3 + aiseq + aises + ajges + arrer;

e for algebra g(n 1)(71 >8):

( n—1
A(el) = ajep + Z a;€e;,
i=3
n1
A 62) = aie + E biei,

e3) = ajes + agen_1,

n—1
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e for algebra gk :

(e1) = are1 + ages + asey + ages + aseg + ager,
(e2) = ares + areq + ages + ages + aper,

(e3) = are3 + arres + aizeq + aizer,

(e4) = areq + arges + ajser,
(es5) =
(e6)
(e7)

A(el) aje1 + agses + azeg + aqe7 + aseg + agey,
A(ez) = ajeq + areg + ager + ages + ajpey,
A(e3) = ajes + arrer + aizes + aisey,

A(64) aijeq + ayqeg + ayseg,

A(es) = ares + aigey,

Ae;) =are;, 6<i<9

e for algebra g3, :

(A(el) aijey + azeg + azer + aqes + aseqg + agerg + arerq,

A(e2) = ares + ager + ages + aipeg + arieip + aizent,
A(es) = ares + aizeip + aserr,
Aleq) = ajeq + aiseip + aipein,
A(es) = ares + arrelo + aigern,
A(eg) = aree + argern,

LA(e;) = are;, 7<i<11.

Proof. We prove the theorem for the algebra g(ln 1)(71 > 7), and for the
algebras gis 1), 95 1)> 9(5,1) Ity (™ = T)s 9(r1ys Gonny(n = 8), g7, g5 and
g3, the proofs are similar.
Let A be an arbitrary local 3-derivation on g( )(n > 7). Since A is a
n
local s-derivation, for any element = = > z;e; € g( )(n > 7), there exists

i=1
a 1-derivation ¢, such that A(z) = ¢g(z).
Choosing subsequently x = eg,z = e1,...,2 = e,, we obtain the general

form of A as follows:
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P>

€1 ai€q,

I
WM:

bey+m%z+bwn1+M%,
c1€e3 + C2ep—1 + C3€p,
die; + cien, 4 <i<n-—1,

en) = dey;

(e1)
(e2)
(e3)
(e:)
(

€

'1>>|>1>

Consider
A(eg + e3) = brea + baep—9 + bzen—1 + baey, + cres + caen—1 + c3ep.
On the other hand,
A(ez + €3) = @eytes(€2 + €3) = Pegres(€2) + Peytes(€3)

= ] eote3€2 T Bn—2,32+63€n—2 + Bn—l,eg—l-egen—l

1
+ Bn,eg—l—egen + Q1 egtes€3 T 5/3n—2,eg+e3en—1 - 50571—2,624-63611-

Comparing the coefficients at the basis elements e3 and e3, we get a1 ey4e; =
b1, a1 ep+e; = €1, Which implies
bl = C1.

Now for 4 < i < n — 3, we consider

A(eg + 62') = bieg + boey_o + b3en—1 + byey, + die; + ciey,.
On the other hand, there exists %—derivation Pegte; Such that

Aleg + €;) = Qeye; (€2 + €;) = w(e2) + ¢(ei)
= U1 ,ep4€;€2 + /Bn—Z,ez—i—eien—Q + /Bn—l,ez—l—eien—l + /Bn,ez—l—eien
(-1)’

Qn—it+1,ea+e;En-

2

Comparing the coefficients of es and e;, we obtain that d; = by for all
4<i<n-3.
Similarly, for n — 2 <i <n — 1 from

+ QA1 es+4e;€d +

Ales + €;) = bieq + caep, + die; + cien,.
On the other hand, there exists %—derivation Peqte; Such that

Ales + €i) = Peytve; (€4 + €;) = p(ea) + p(e;)

1 (=1’
= (X],e4+e;€4 + §an73,e4+ei en + Q1 eq+4e;64 + Tan7i+1,e4+ei €n.

Comparing the coefficients of e4 and e;, we obtain that d; = by for all
n—2<3<n-—1.
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Now, we show that any linear operator of the form

P>

)

e9) = 6162 +

63) = bies +
)

(
(
(
(
(

P

en) = dey;

is a local 3-derivation on g(ln 1)(n
Considering A(z) = ¢, (z) for

system of equality:

aixi

;L1 + blxi

an—2T1 + bowo + b1y o
ap—171 + b3we + cow3 + b1Tp 1

n—1

anx1 + byzo + Y cix; + dxy,
i=3

Let

Case 1. Let xg # 1, then one can

€1) = Z a;€q,

boen—2 + bzen—1 + baen,
Co€en—1 + C3€n,

e;) =bre; +cen, 4<i<n-—1,

>17).
n

any r = Y x;e;, we obtain the following
i=1

a1 221,
Qa1 + Q1T 2<i1<n-—3,
Qp—22%1 + 671—2 22 + Q1 2 Tp—2,
Bn—2,
Qp—1,2T1 + Bn-1 ach + 3 wx3 + a1 2%Tp—1,

Oln a1 + 6n,mx2 + Z (_1
=3

iQn—itl,
) T+ QT

(2)

us consider the following cases:

take

a1z = a1,
a;T1 + b1x; — o1 2T .
iy = — 2 2<i<n—3,
x1
p—2T1 + baxa + b12y—2 — Bn—24%2 — A1 4 Tp—2
On—2.0 = = )
1
Bn—2,
ap—171 + b3wa + c2x3 + b1Tp—1 — Br—12T2 — TFET3 — Q1 2 Tp—1
An—1,0 = n >
1
n—1 n—1 o
1,
anxri + b4$2 + Z Cix; + d$n - 6n,z$2 - Z (_1)1 = ;_ =T — o axln
_ =3 i=3
On,x = - )
1

where 8,,_2, Bn—1, Bn defined arbitrary.
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Case 2. Let 1 = 0 and z2 # 0, then we may choose

a1 = b17
bowo + b1Ty 2 — Q1 2 Tp—2
ﬁn—Q,x = ’
T2
—2
bsxa + cow3 + b1Tp—1 — LLQ LT3 — Qe Tn—1
6n—1,m = )
€2
n—1 n—1 .
—i+1
bawo + >° ciwy +dxn — Y0 (—1)' 50w — an @y,
n,x — 3
€2
where a9, as, -+, a,_s defined arbitrary.

Case 3. Let 1 = z2 = 0 and x3 # 0, then we may choose

al .z = bla
2(cox3 + bizp—1 — a1 4Tn—1)
Bn—2,x = ’
z3
n—1 n—1 .
n—i+1l,x
Y iy +dry, — Y0 (1) T — o Ty
5 i=3 i=4
On—2x = 2- )
z3
where a9, as, -+ ,a,_3 defined arbitrary.
Case 4: Let vy = a9 =---=x;1 =0, z; # 0,4 < i <n—1, then we may
take
A1z = by,
n—1 n—2 ;
(=1 o jamjia
Z‘ cjxj + dx, — Z 3 — Q1,2Tn
i J=t J=t
Comisre =2+ (<1 ,
T
where a9, as, ---,a,—; defined arbitrary.
Case 5: Let vy =29 =--- = 2,1 =0, 2, # 0, then we may take ay , = by.
Thus, we have that for any a;, b1, b2 b3, by, c2, -+, ¢,—1 and d there exist

Qizy Pn—2.2, Bn—12,> Bn,z, such that the equalities (2) hold. Hence any linear
transformation of the form (1) is a local i-derivation on g(ln 1 (n>7). O
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In the following table, we give the dimensions of the spaces of %-derivations
and local %-derivations of quasi-filiform Lie algebras of maximum length:

Algebra dim Der1 dim LocDer1
9(5.1) 10 2 17 ]
Iy (0 = 7) n+3 2n + 4

9is.1) 10 15

9(2671) 9 19

g%n’l)(n >7) n+ 2 2n —1

9?7,1) 9 17

Iy (0 = 8) n+1 3n — 10

gr 9 16

95 9 16

g3 10 19

Corollary 1. The quasi-filiform Lie algebras of mazimum length admit local
1 -

5-derivations which are not %—derivations.

3.2. 2-local %—derivations on quasi-filiform Lie algebras of maximum
length. Now we investigate 2-local %—derivations on quasi-filiform Lie algebras
of maximum length.

Theorem 4. The quasi-filiform Lie algebras of mazimum length admits a
2-local %—dem'vation which is not a %—derivation.

Proof. We prove the theorem for the algebra g(ln 1)(71 > 7), and for the

algebras g(s 1), 9% 1) 951y Iy Z s 971y Gy (0 2 8)s 91, 95 and
g3, the proofs are similar.

Let us define a homogeneous non additive function f on C? as follows

2

L ifay £0,
T1,Tz) = q *2
flor,22) {0, if 29 =0,

where (21, 12) € C2.
Define the operator V on g(ln 1)(n > 7), such that

V(z) = f(x1,22)en, (3)

n
for any element = = ) x;e;,
i=1
The operator V is not a %—derivation, since it is not linear.
Let us show that, V is a 2-local %—derivation. For this purpose, define a

%—derivation © on g(lml)(n >17) by

@(‘T) = (anxl + ﬁn-TZ)en-
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For each pair of elements x and y, we choose «;, and f3,,, such that V(z) =
o(x) and V(y) = ¢(y). Let us rewrite the above equalities as system of linear
equations with respect to unknowns ay,, B, as follows

T10y + T2fp = f(x1,22), ()
y10n + Y280 = f(y1,12).

Case 1. z1ys — xoy1 = 0. In this case, since the right-hand side of the
system (4) is homogeneous, it has infinitely many solutions.

Case 2. z1y2—x2y1 # 0. In this case, the system (4) has a unique solution.

O
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