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LOCAL AND 2-LOCAL %—DERIVATIONS ON QUASI-FILIFORM LIE
ALGEBRAS OF MAXIMUM LENGTH

KHUSAINBOY ATAJONOV, NAFOSAT VAISOVA AND BAKHTIYOR YUSUPOV*

ABSTRACT. We determine all local %—derivations of quasi-filiform Lie algebras of maximum
length and compute the dimensions of the corresponding spaces. In every case, the space of
local %—derivations properly contains the space of %—derivations. We also construct explicit

non-additive 2-local %—derivations on each algebra in the classification.

1. INTRODUCTION

he notion of d-derivations was introduced by V. Filippov for Lie algebras in [@, @] The
space of d-derivations includes usual derivations (§ = 1), anti-derivations (§ = —1), and
elements from the centroid. In [@] 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 a field F of characteristic p # 2,3 with a non-degenerate symmetric

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

In [21], 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 on F have no non-trivial d-derivations. The description of J-derivations
of classical Lie superalgebras was given in [26]. The d-derivations of finite-dimensional semisim-
ple Jordan algebras over a field of characteristic p # 2 and J-superderivations of finite-
dimensional simple Lie and Jordan superalgebras were investigated in [27]. Zusmanovich
[41] described ¢-(super)derivations of prime Lie superalgebras. Specifically, he proved that a
prime Lie superalgebra has no non-trivial é-(super)derivations for 6 # 1,—1,0, % Moreover,
in [40] it is proved that any J-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 non-associative algebras
such as Lie, Jordan, and Leibniz algebras. The notions of local derivations were introduced
in 1990 by Kadison [25] and Larson and Sourour [32]. Later, in 1997, Semrl introduced the
notions of 2-local derivations and 2-local automorphisms of algebras [34].

The investigation of local derivations on Lie algebras was initiated by Ayupov and Ku-
daybergenov in [12]. They proved that every local derivation on a semisimple Lie alge-
bra is a derivation and gave examples of finite-dimensional nilpotent Lie algebras with lo-
cal derivations which are not derivations. In [9], local derivations of solvable Lie algebras
are investigated, and it is shown that the class of solvable Lie algebras contains both alge-
bras admitting local derivations which are not derivations and algebras for which every local
derivation is a derivation. Several authors have investigated local derivations and related
local-type operators on finite- and infinite-dimensional Lie, Leibniz, and associative algebras
b, 6, 8, 10, 13, 15, 17, 7, 2, 28, B6, B§]. Closely related investigations of almost inner deriva-
tions of nilpotent, solvable, and simple Leibniz algebras were carried out in [2, B0, B1]. 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; Schrédinger algebras; and conformal
Galilei algebras.

Several papers have been devoted to similar notions and corresponding problems for 2-local
derivations and automorphisms of Lie algebras [3, 11, 14, 15, 16, 18, 24, B5, B7]. Specifically,
in [[11] it is proved that every 2-local derivation on a semisimple Lie algebra is a derivation
and that each finite-dimensional nilpotent Lie algebra of dimension greater than two admits a
2-local derivation which is not a derivation. The list of Lie algebras for which all 2-local deriva-

tions are derivations includes finite-dimensional semisimple Lie algebras, Witt algebras, locally
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finite split simple Lie algebras, Virasoro algebras, the Virasoro-like algebra, the Schrodinger—
Virasoro algebra, Jacobson-Witt algebras, and planar Galilean conformal algebras.

The investigation of local and 2-local J-derivations on Lie algebras was initiated by Khu-
doyberdiyev and Yusupov in [29]. In that paper the authors introduced local and 2-local
d-derivations and described local and 2-local %—derivations of finite-dimensional solvable Lie
algebras with filiform, Heisenberg, and abelian nilradicals. Moreover, they described local %—
derivations of oscillator Lie algebras, conformal perfect Lie algebras, and Schrédinger algebras.
Yusupov, Vaisova, and Madrakhimov proved similar results for local %—derivations of naturally
graded quasi-filiform Leibniz algebras of type I in [39]. They proved that these algebras, as
a rule, admit local %—derivations which are not %—derivations. Mamadaliyev, Sattarov, and
Yusupov investigated local and 2-local %—derivations on solvable Leibniz algebras in [33].

In this work, we investigate local and 2-local %—derivations of quasi-filiform Lie algebras of
maximum length. We describe all local %—derivations and show that these algebras admit local
1

5-derivations which are not %—derivations. Moreover, we construct 2-local %—derivations which

are not %—derivations.

2. PRELIMINARIES

Throughout the paper, all algebras are considered over the field C unless otherwise stated.

Definition 2.1. Let (£, [—, —]) be an algebra. A linear map ¢ : £ — L is called a d-derivation
if
([z,y]) = 0([e(x), y] + [z, o)),

for all z,y € L, where § belongs to the ground field F.

Note that a 1-derivation is a usual derivation and a (—1)-derivation is called an anti-
derivation. If @1 and @9 are §1- and do-derivations, respectively, then their commutator
(01, p2] = p1p2 — w21 is a d109-derivation. The set of all d-derivations of £, for fixed ¢,
is denoted by Ders(L). For Lie algebras, anti-derivations coincide with reverse derivations,
which were studied by Herstein in [23]. The main example of a %—derivation is multiplication
by an element of the ground field, that is, ¢(x) = Az for all x € L. Such %—derivations are
called trivial.

Since local operators may be defined for any type of operator, we use the following defini-

tions.

Definition 2.2. A linear map A : £ — L is called a local §-derivation if, for every x € L,
there exists a d-derivation ¢, : £L — L (depending on x) such that A(z) = ¢, (z). The set of
all local d-derivations on L is denoted by LocDers(L).
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Definition 2.3. A map V : £ — L, not necessarily linear, is called a 2-local d-derivation if,

for every x,y € L, there exists ¢, , € Ders(L) such that

V(z) = Socc,y(CC)v V(y) = Sox,y(y)°

A 2-local §-derivation need not be linear, but it is homogeneous: for every x € £ and every

scalar A,
V(AZ) = @z ra(Ax) = Aoz e (z) = AV(2).

In this work, we focus on local and 2-local %—derivations. Since any %-derivation is both a local

and a 2-local %—derivation, we are interested in local and 2-local %—derivations which are not
%—derivations. We call them non-trivial local and non-trivial 2-local %—derivations, respectively.

The lower central series of a Lie algebra L is defined by
ct=rc, =gk, k>1

Definition 2.4. A Lie algebra L is called nilpotent if there exists k € N such that £* = {0}.

The minimal such k is called the index of nilpotency of L.

Definition 2.5. An n-dimensional Lie algebra is called quasi-filiform if its index of nilpotency

is equal to n — 1.

We now define maximum length for nilpotent Lie algebras. A Lie algebra L is Z-graded if
L =@,y Vi, where [V;,V}] C Vi for all 4,5 € Z and only finitely many V; are nonzero. A
nilpotent Lie algebra £ admits a connected gradation £ = Vi, &--- @V, if Vi, # {0} for every
1< <t

Definition 2.6. The number
(@L)=1(Vi, ® - ®Vg,) =kt — k1 + 1,
is called the length of the gradation. A gradation is of mazimum length if [(®L) = dim L.
We denote by [(£) the maximum of I(®L) over all connected gradations of L.
Definition 2.7. A Lie algebra L is called of mazimum length if [(£) = dim L.

The following classification of quasi-filiform Lie algebras of maximum length was obtained

in [22).
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Theorem 2.8. Let L be an n-dimensional quasi-filiform Lie algebra of mazimum length. Then

L is isomorphic to one of the following pairwise non-isomorphic algebras:

g%n,l) : les, & = eiv, 2srs 2:21’ n > 5 and n odd,
[ei, eni] = (=1)ten, 2<i< 5
g%njl) : hel,ei]:eiﬂ, 2§z:§n—2, 05
[€i,en] = €2, 2<i<mn-—3,
le1,ei] =€i11, 2<i<n-—2,
Olnt): 9§ leiren] =€isa, 2<i<n-—3, n>T
[e2, €] = eir3, 3<i<mn-—4,
)
[e1, €] = eita, 2<1 <5,
97 S [earei] = eira, 3<i<4,
\[ei,e7_z~] = (—1)le;, 2<i<3;
¢
le1, €] = eit1, 2<3<7,
le2, €5] = eiqa, 3<i<4,
g5 : [e2, e5] = 3er, [ea, e6] = bes,
[es, ei] = —2€;43, 4 <4 <5,
[es,e9-:] = (—1)eg, 2 <1i <4
)
le1, €] = eit1, 2<1<9,
[e2, €i] = €12, 3<i<4,
[e2, €] = —€it2, 6<i<7,
g1 e, e7] = —eo,
[e3, €] = eiy3, 4<4<5,
leq, €] = €ita, 5 <1 <6,
leivern—i] = (=1)’e1n, 2<i<5h

Here {e1,ea,...,e,} is a basis of the algebra.



K. Atajonov, N. Vaisova and B. Yusupov

The following description of the %—derivations of quasi-filiform Lie algebras of maximum

length was obtained in [1].

Theorem 2.9. Any %—dem’vation © of a quasi-filiform Lie algebra of maximum length has one

of the following forms. All parameters occurring in each case are arbitrary compler numbers,

while repeated symbols denote the same parameter.

1

o Forgi,

o For g%

n71)’

2

o For g

n=>,

)
)
p(es) = 3(a1 + Ba)es + 3Bses — 2ases,
) = 1(Ba1 + Ba)es + 3azes,

)

wles) = %,3164 + %(Oxl + 302)es.

n>"1,

,

n
pler) = Z €,
i=1

¥ 62) = 1€ + fBp—26n—2 + Bu_1en—1 + Buen,

—1)¢
uanflﬂrlena 4<i<n-1,

e;) = are; + 5

¥

(

¢(e3) = are3 + 3Pn—2en—1 — 50n_26n,
(
(

en) = Q1€p.

S

n=2>y,

)
)
e3) = 5(c1 + Ba)es + 5 (83 — as)eu,
)
)

o(
ples) = $(3ar + B2)eu,
p(es) = —ages + yaes + 5 (301 — Bo)es.
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e For g%ml), n =0,

pleq) = areq — 506€s,
ples5) = agés,
p(ee) = —aines3 — azeq + y5€5 + Qg €6.

n—1
pler) = Z%‘em
=1
(e2) = aneg + Pn—2en—2 + Bn_1n—1,

p(e3) = arez + 3Bn—2en—1,

ple) =are;, 4<i<n-—1,
n—2

olen) = — Z Qi—1€; + Yn—1€n—1 + Q1€n.
i=3

e For g?nyl), n==17,
.
p(e1) = arer + azex + ages + ageq + ases + ageg,
p(e2) = ez +dages + Bses + Poes,
p(es) = ares + 2azes + 3(B5 — as)es,
p(e4) = areq + %042667
p(es) = ares, p(eg) = aies,
p(er) = —age3 — azeq — aues + Y66 + arer.
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e For g:()’ml), n > 8§,

n—1

p(e1) = arer + Z Q€4
i=3
n—3

p(ez) = a1ea + > @i 2€i + P26n2 + P-16n_1,
=5
@(63) = aies + %(anQ - anf4)€n71;

ole) =are;, 4<i<n-—1,
n—2

plen) = = Y Qi 1€ + Yn-1€n-1 + a16n.
=4

e For g%,
p(e1) = arer + azes + ageq + ases + ages + azer,
p(e2) = arey — Sases + Bses + Bses + Bre,
p(e3) = ares — 2ases + 3(B5 — au)es — 3aser,
¢(es) = areq — 3ases + yauer,
p(es) = ares — %04367,
\90(66) = (¥1€6, pler) = azer.
o For g2,

= (¥1€4, 6§i§9.
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e For g3,

(e1)
(€2)
(e3)
p(eq) = ares + sazer + sasern,
(€5)
(€6)
(€:)

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. In this

subsection, we investigate local %—derivations on quasi-filiform Lie algebras of maximum length.

Theorem 3.1. Any local %—dem’vation A of a quasi-filiform Lie algebra of maximum length
has one of the following forms. All parameters with different symbols in each case are arbitrary

and independent complex numbers, while repeated symbols denote the same parameter.

e For g%n,l)’ n=>,

= aie] + ageq + agzesz + aqeq + ases,

= age] + area + ages + ageq + aypes,

= a14€4 + ais€s,

(e1)
(e2)
Ales) = anes + aizes + arzes,
(e4)
(e5)

= ai6€q + ai7es.

e For g%nvl), n>",

Afer) = zn:aiei,
i=1

A(ez) = Aeg + baen—o + bze,—1 + byey,

—

—_

N—
>

e3) = Aes + caen_1 + C3ep,

P>

A

(
(
(e;) = Aej +cien, 4<i<n-—1,
(

en) = dey,.
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e Forg

e Forg

e Forg

e Forg

2
(n,1)’

2
(n,1)’

2
(n,1)’

3
(n,1)

n=>5,
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A(el) = aie] + ageg + aszesz + ageq + ases,
A(eg) = ageg + ayes + ageq + ages,

A(e3) = ajpes + arieq,

A(es) = arzeq,

A(es) = a1ze3 + aigeq + ases.

e1) = arer + agez + azez + aseq + ases + ages,
e) = areg + agez + agey + ajpes,

e3) = aiies + ajzeq4 + ayzes,

e4) = a14e4 + aises,

e5) = aiges,

e6) = arres + aigeq + ajges + azee.

n—1
Aler) =) aie;,
i=1
Aez) = a1eg + bp—2en—2 + bp-1€5-1,

A(eg) =aies + cep—1,

Ale;) =are;, 4<i<n-—1,

n—1
Aley) = Z die; + aiey,.
i=3

e1) = aiey + agez + azes + aseq + ases + agee,
e2) = ares + ares + ages + ageg,

e3) = ajes + ajpes + aiiee,

e4) = areq + ai2eg,

es) = ares, Aleg) = aye,

er) = a13e3 + a1se4 + aises + ages + arer.
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e For g:()’ml), n > 8§,

n—1

Aler) = arer + ) ase,
=3
n—1

A(€2) = aie + Z bl-ei,
=5

Alez) = aje3 + azen—1,

Ale;) =are;, 4<i<n-—1,

n—1
Ale,) = Z cie; + aren.
i=4

e Forgi,
A(el) = aie] + ages + aszeq + aq4€5 + aseg + ager,
A(eg) = aje2 + areq + ages + ageg + ajper,
A(e3) = are3 + aiies + aze6 + ayzer,
A(es) = ares4 + arse6 + aiser,
A(es) = ares + ager,
\A(eﬁ) = aieq, A(er) = ajer.
e For gg,
.
A(el) = aie] + ages + agzeg + aqer + ases + ageg,
A(e2) = arez + areg + ager + ageg + ajpey,
A(e3) = ares + ajrer + ajzes + ajzey,
A(es) = areq + araes + arsey,
A(es) = ares + aigey,
A(ez) = aie;, 6 S ) S 9.
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(

A(el) = a1e1 + ageg + azer + aqeg + aseg + ageig + arery,
A(ez) = area + ager + ageg + arpeg + arieip + arzeit,
A(e3) = ares + aizeio + aseqt,

A(es) = areq + arsero + aigert,

A(es) = ares + arreio + aigerr,

A(eg) = ares + aiger,

A(ei = aieé;, 7 S 7 S 11.

\

Proof. We give the details for g(ln ) " > 7. The remaining cases follow from the same
coefficient-comparison and evaluation-system argument described at the end of the proof.
Let A be an arbitrary local %-derivation on g%ml). For every x = ' | xje;, there exists a
$-derivation ¢, such that A(z) = ¢, ().

Choosing successively x = ey, ea, ..., e,, we obtain

p

Aer) = i: ae;,
i1

A(ez) = brea + baep—2 + bzen—1 + baep,

>

(e3) = c1e3 + caen_1 + c3€n,
A(e;) = die; +cien, 4<i<n-—1,
(

A

en) = dey,.

Consider
A(ez + e3) = bieg + baey 2 + b3e,—1 + bye, + cre3 + caen—1 + c3€5.
On the other hand,

A(ez + 63) = Peates (62) + Pegtes (63)

= (1,e5+4e3€2 + /Bn—2,62+63 en—2 + /Bn—l,62+63 en—1+ ﬁn,eg—&-eg €En

1
+ 1.es+e3€3 + 5/871—2762+836n—1 - ian—2,62+63en-

Comparing the coefficients of ex and e3 gives v eyye; = b1 = c1.

For 4 <i <n — 3, consider

Aleg + e;) = biea + baep—o + bzen—1 + bae, + die; + ciep.
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There exists a %—derivation Peote; Such that

Alez + €;) = Peyte; (€2) + Peyte; (€i)
= O] ,ep4€;€2 + ﬁn—Q,eg—&—ei en—2 + ﬁn—l,eg—&—ei en—1+ ﬁn,ez—&-ei €n
(-1’

+ al,ez—f—ei € + 9 an—i-i—l,eg—&—e,- €n.

Comparing the coefficients of ey and e; yields d; = by for 4 <i <n — 3.

Similarly, for n — 2 <7 < n — 1, consider
A(€4 + ei) = bieq + cyep + die; + ciep,.
On the other hand,

Ales + €;) = Qegre(€4) + Peste; (€i)
(-1

= (l,eq4€;€4 + 5On—3e4+e;€n T Al es+e;€i + Tan—i+1,e4+eien-

2
Comparing the coefficients of e4 and e; gives d; = by forn —2<i<n—1.
It remains to show that every linear operator of the form

p

Aler) = Zn: a;e;,
i1

Alez) = biea + baep—o + bzey—1 + baey,
A(es) = bies + coen—1 + 36,

A(e;) =bre; +cien, 4<i<n-—1,
Ale,) = dey,

\

13

is a local -derivation on g%ml). For z = Y7 | wie;, the identity A(z) = ¢y (x) is equivalent to

a1T1 = Q1 571,
a;T1 4+ b1 = 0 pT1 + Q1 2 T4, 2<i<n-3,

ap—2%1 + boxa + b1Tp_2 = ap—2,T1 + Bp—22T2 + A1 zTn—2,

/Bn—Q,a:

2

An—121 + b3 + 223 + b1Tp—1 = Q1221 + Bn—1,2%2 + 3 + Q1 g Tn—1,

n—1 n—1

(2) anpr1 + b41'2 + Z cir; + dq:n = QnT1 + ﬁn,xQSQ + Z
i=3 1=3

(_1)ian7i+1,x
2

We distinguish the following cases.

Ti + Q1 2T
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Case 1. If 21 # 0, take a1, = a1 and

a;r1 + b1 — o1 4%

Qg = , 2<1<n-3,
X1
_ ap—2m1 + baxe + b1Ty2 — Bn24T2 — Q1 2 Tp-2
Qn—2 ¢ = )
X1
1
ap-171 + b3wo + 223 + 017y 1 — Bpn-12T2 — 502273 — Q12 Tn—1
Qn—1,0 = - )
1
n—1 n—1 (—=1)’an_it1,
o _ anTi + byo + Zi:3 cizi + dry, — ﬁn,xe - Zi:?, 5 =ty — A1,2Tn
n,x — )

I

where B85,—2.4, Bn—1,2, Bn,e are arbitrary.

Case 2. If z; =0 and z9 # 0, take

ayz = by,
_ bowo + b1Tp—2 — Q1 2 Tp—2
/Bn—2,m — )
)
1
b3o + c2x3 + b1Tn—1 — 58n-2273 — A1 zTp—1
/Bn—l,m = ;
1)
n—1 n—1 (1) a,_;11,
B, = bawa + Y 105 cixy +dxy — Y Ty R — Q1 p Ty
n,x —
i) ’
where ao 4, ..., a,_2, are arbitrary.

Case 3. If 1 = 22 =0 and x3 # 0, take

a1 e = bla
2(coxs + b12n—1 — 1 2 Tp—1)
/Bn72,:r = )
€T3
n—1 n—1 ;
(_l)lan—i—l—l,m
g cx; +dr, — E frm — 13Ty
=3 i=4
Qp_2 2 = -2 )
T3
where ag z, ..., an_3; are arbitrary.
Case 4. If x1 =29 =--- =x;_1 =0 and x; # 0, where 4 <7 <n — 1, take a1, = by and

n—1 n—2 (=) lay,_j 41

Z'Zj:i ¢jxj + dry — Zj:i 2 — Al adn

Ap—i+lx = 2(_1) - ,
3

where ao 4, ..., a—; are arbitrary.
Case 5. If vy =290 =---=2,-1 =0and z, #0, take a1, = d. If x =0, take g = 0.
Thus, for every choice of the coefficients in (EI), there exist coeflicients defining ¢, for which

(E) holds. Hence every transformation of the form @) is a local 3-derivation on g%ml), n>"7.
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For completeness, let Dq,..., D, be a basis of Deri(L£). By the definition of a local %—
2

derivation, a linear operator T on L is local if and only if

T(x) € span{Di(x),...,Dy(x)} for every x € L.

Equivalently,

rank (D1 (), ..., Dy(x),T(z)) = rank(D1(z),..., Dy(z)) for every x € L.

Substituting the %—derivations listed in Theorem @ into this criterion gives exactly the re-

maining forms displayed in the statement.

3
(7.1)7

er gives a7 = a1. Therefore

In particular, for g applying locality to e; + e7 and comparing the coefficients of e; and

Aler) = azes + arseq + aises + arses + arer,

and hence
dim LocDer% (9(771)) = 16.

The corresponding evaluation systems for the remaining algebras produce no additional rela-

tions and also prove the sufficiency of the displayed forms.

The dimensions in the following table are obtained by counting the independent parameters

in Theorems @ and @ Repeated parameters are counted only once.

Algebra dim Der 1 dim LocDer 1
9%5,1) 10 17
g%n,l),n>7 n+3 2n+3
93571) 10 15
6.1) 9 19
Gy "27 | n+2 20 — 1
9?7’1) 9 16
00,1y =8| n+l 3n — 10
ot 9 16
02 9 16
a3 10 19

Corollary 3.2. Quasi-filiform Lie algebras of maximum length admit local %—dem’vatz’ons which

are not %—dem’vations.
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Proof. In every row of the preceding table, dim LocDeri(£) > dim Deri(L£). Therefore
2 2

LocDer1 (£) contains an operator which is not a %—derivation. 0
2

3.2. 2-local %-derivations on quasi-filiform Lie algebras of maximum length. We now

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

Theorem 3.3. Fvery quasi-filiform Lie algebra of mazximum length admits a 2-local %—

derivation which is not a %—dem’vation.

Proof. For every algebra £ in Theorem @, choose a nonzero vector z, as follows:

L zc L 2
g%5,1) €5 9?7,1) €6
81y 2T en gy =8| e
8(5.1) €4 o7 er
8(6.1) €5 95 €9
g?nvl)’ n2>T| en-1 g% et

It follows directly from Theorem @ that, for arbitrary u,v € C, the linear map
n

(3) D, (x) = (px1 + vag)zg, T = inei,
i=1

is a %—derivation of L.

Define a homogeneous function f : C?> — C by

2
S w#o,
fluw) =4 v
0, v=20
For x =Y | zie; € L, put
(4) Ve(z) = f(21,22)2c.

It is easy to see that the function f is homogeneous but not additive. Consequently, V, is not
linear and hence is not a %—derivation.
Let z,y € L. To find a %—derivation of the form (B) which agrees with V, at z and y, it is

enough to solve

r1p 4 ov = f(x1,22),
(5)
Y1+ yor = f(y1,y2)-

If 1y — woy1 # 0, this system has a unique solution.
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Suppose that z1ys — zoy; = 0. If one of the rows (x1,x2) and (y1,y2) is zero, then its

right-hand side is also zero. If both rows are nonzero, there exists ¢ € C such that

(y1,92) = t(z1, 22).

Since f is homogeneous,
f(y17y2) = tf(x17x2)7

and hence the two equations in (B) are compatible. Thus, the system is solvable in every case.

Choose a solution (u,v) and set gy = D, .. Then

(Pm,y(x) = VL(.%'), Som,y(y) = vﬁ(y)'

Therefore V is a 2-local %—derivation which is not a %—derivation. The construction applies

to every algebra in the classification.
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