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APPROXIMATELY LOCAL DERIVATIONS

EBRAHIM SAMEI

ABSTRACT

Certain linear operators from a Banach algebra A into a Banach A-bimodule X, which are called
approximately local derivations, are studied. It is shown that when A is a C*-algebra, a Banach
algebra generated by idempotents, a semisimple annihilator Banach algebra, or the group algebra
of a SIN or a totally disconnected group, bounded approximately local derivations from A into X
are derivations. This, in particular, extends a result of B. E. Johnson that ‘local derivations on
C*-algebras are derivations’ and provides an alternative proof of it.

We were motivated to write this paper by the discovery that local derivations on
C*-algebras are derivations. Let A be a Banach algebra and let X be a Banach
A-bimodule. An operator D: A — X is a local derivation if, for each a € A, there
is a derivation D,: A — X such that D(a) = D,(a). This concept was introduced
by Kadison in [15], and it was inspired by his and Ringrose’s earlier investigation
of Hochschild cohomology of various operator algebras. These maps arise naturally
when one seeks conditions to ensure that a given map is a derivation. He showed that
if A is a von Neumann algebra and X is a dual Banach A-bimodule, then bounded
local derivations from A into X are derivations. Johnson extended Kadison’s result
and showed that if A is a C*-algebra, then local derivations from A into any Banach
A-bimodule are derivations [12]. Recently, we have also considered local derivations
from certain families of commutative Banach algebras which include the Fourier
algebra of a locally compact group [19].

Local derivations have also appeared in other contexts. They arose from the study
of ‘algebraic reflexivity’ of the linear space of derivations. In [16], Larson studied
reflexivity and algebraic reflexivity of certain subspaces of operators, and he asked
which algebras have an algebraically reflexive derivation space, or equivalently, for
which algebras every local derivation on the algebra is a derivation. He, together
with Sourour, showed that the answer to that question is affirmative for B(X),
where X is a Banach space [17]. An algebra of operators on a (separable) Hilbert
space is called a CSL algebra if it consists of all operators leaving invariant
the elements of a given commutative subspace lattice. Crist proved that every
bounded local derivation on the direct limit of finite-dimensional CSL algebras via
*-extendable embeddings (for example a triangular approximately finite-
dimensional (AF) algebra) is a derivation [5]. One can also ask for which algebras
the linear space of bounded derivations is reflexive.

In order to address these questions, we introduce the concept of an approximately
local derivation. An operator D from A into X is an approximately local derivation
if, for each a € A, there is a sequence of derivations {D, ,} from A into X such
that D(a) = lim, o Dgn(a). Our goal here is to see whether (mainly bounded)
approximately local derivations are derivations. The advantage of considering these
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maps rather than local derivations is that they are more general and they allow us
to study both reflexivity and algebraic reflexivity at the same time. On the other
hand, in the previous studies of local derivations, it has always been helpful to
study first the local multipliers (see [12, 19]). However, as shown in Sections 2
and 3, we find it more useful to consider approximately local multipliers. One of
our main results (Theorem 3.2) states that, for unital Banach algebras, if bounded
approximately local multipliers are multipliers, then bounded approximately local
derivations are derivations.

Although reflexivity of the linear space of bounded multipliers is useful, it
does not guarantee that bounded approximately local derivations are derivations.
However, in Section 4, we introduce a certain class of Banach algebras for which that
can happen. We call these algebras approximately locally unital. In Theorem 4.4,
we show that if A is approximately locally unital, then reflexivity of the linear space
of bounded multipliers from A into A* is sufficient for bounded approximately local
derivations to be derivations. We also extend the result to the direct sum and
projective tensor product of these Banach algebras. In Sections 5-7, we apply these
results to show that bounded approximately local derivations are derivations if they
are defined from a C*-algebra, a Banach algebra generated by idempotents, or a
semisimple annihilator Banach algebra. Moreover, for C*-algebras, we show that
the assumption of ‘boundedness’ is not necessary. This extends Johnson’s result
and, in particular, gives an alternative proof of it.

Let L(G) be the group algebra of a locally compact group G. In Section 8, first
we show that bounded approximately local multipliers from L!(G) are multipliers
(Theorem 8.1), and, as a corollary, we conclude that ideals with finite codimension
in L'(G) have no non-zero bounded point derivations. Then, in Theorem 8.4, we
give a type of characterization for bounded approximately local derivations from
L!(G) which is useful for determining when these maps are derivations. Later in the
paper, by using our theory of approximately locally unital Banach algebras, we show
that when G is a SIN (that is, a group with small invariant neighbourhoods of the
identity) or a totally disconnected group, bounded approximately local derivations
from L!(G) are derivations. Finally, for a non-discrete group G, we provide an
example of an essential Banach M (G)-bimodule X and a bounded local derivation
T from M(G) into X which is not a derivation.

1. Preliminaries

Let X and Y be Banach spaces, and let L(X,Y) and B(X,Y) be the spaces of
(linear) operators and bounded operators from X into Y, respectively. Let S be a
linear subspace of L(X,Y), and for each z € X, let Sz={S(z)|S € S} and [Sz]
be the norm-closure of Sx. Put

ref,(8) ={T € L(X,Y) | T(x) € Sz, z € X},
and if S C B(X,Y), then put
ref(S) ={T € B(X,Y)|T(x) € [Sz], x € X}.

Suppose that S C L(X,Y). Then S is algebraically reflexive if S =ref,(S) and
when § C B(X,Y), it is reflexive if S =ref(S). For more on these notions see [16]
and the references therein.

Let A be a Banach algebra and let X and Y be Banach left A-modules. A map
TeL(X,Y) is a left A-module morphism if T'(ax) =aT'(x) for all a€ A and z € X.
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In the case when X = A, we say that T is a right multiplier. Now let X and Y
be Banach right A-modules. A map T'€ L(X,Y) is a right A-module morphism
if T(za) = T(x)a for all a € A and x € X. In the case when X = A, we
say that T is a left multiplier. For Banach left (right) A-modules X and Y, let
AL(X,Y) (La(X,Y)) and 4 B(X,Y) (Ba(X,Y)) be the linear spaces of left (right)
A-module morphisms and bounded left (right) A-module morphisms from X into
Y, respectively. In the case when A has a bounded approximate identity, it is known
that right (left) multipliers from A into Y are bounded so that 4L(A,Y)=4B(A,Y)
(La(A,Y)=Ba(A,Y)).

Let X be a Banach A-bimodule. An operator D € L(A, X) is a derivation if, for
all a,b € A, D(ab)=aD(b) + D(a)b. For each x € X, the operator ad, € B(A, X)
defined by ad,(a) = ax —za is a bounded derivation, called an inner derivation. Let
ZY(A, X) and Z1(A, X) be the linear spaces of derivations and bounded derivations
from A into X, respectively.

Let G be a locally compact group with a fixed left Haar measure A. The measure
algebra M (G) is the Banach space of complex-valued regular Borel measures on
G. The space M(G) is identified with the (dual) space of all continuous linear
functionals on the Banach space Cy(G), with the duality specified by setting

(i f) = jG FO)dult), e Co(@), e M@).

The convolution multiplication * on M (G) is defined by setting

ev )= |

G
We write d for the point mass at s € G; the element §, is the identity of M (G), and
11(G) is the subalgebra of M(G) generated by the point masses. Then M(G) is a
unital Banach algebra, and L (G), the group algebra on G, is a closed ideal in M (G)
[7, Theorem 3.3.36]. Moreover, M (G) = L}(G) = 11(G) if and only if G is discrete.
The strong operator topology on M(G) is defined as follows: a net {14} converges
to p in the strong operator topology if and only if pg * f — p* f and f * po —
f * p in norm, for every f € LY(G). From [7, Theorem 2.9.49, Theorem 3.3.41],
both L!(G) and 1}(G) are dense in M (G) in the strong operator topology.

L sty dp(s)du(t),  f € Co(G), pov € M(G).

2. Approximately local multipliers

DEFINITION 2.1. Let X be a Banach right A-module. An operator T from A
into X is a local (respectively approximately local) left multiplier if, for each a € A,
there is a left multiplier T,, (respectively a sequence of left multipliers {1} ,,}) from
A into X such that T'(a) = T,(a) (respectively T'(a) = limy, oo To.n(a)). If, in addi-
tion, T"is bounded, then we say that 7" is a bounded local left multiplier (respectively
bounded approximately local left multiplier). Similarly, for a Banach left A-
module X, we can define local right multipliers, bounded local right multipliers,
approximately local right multipliers and bounded approximately local right
multipliers from A into X.

It is clear that local multipliers (respectively bounded local multipliers) are
approximately local multipliers (respectively bounded approximately local
multipliers). We are interested in determining when bounded approximately local
multipliers are multipliers. This seems to be more general than determining the
reflexivity of the linear space of bounded multipliers (since, in Definition 2.1, we
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are not assuming that each Ty, is necessary bounded), but the following theorem
shows that these two notions are closely related.

We recall that a Banach left (right) A-module X is essential if it is the closure
of AX = span{az|a € A,z€ X} (XA = span{za|a € A,z € X}). A Banach
A-bimodule X is essential if it is essential as both a Banach left and Banach right
A-module.

THEOREM 2.2. Let A be a Banach algebra with A = A2, and let Y be a Banach
left (respectively right) A-module. Then the following statements are equivalent.
(i) Every bounded approximately local right (respectively left) multiplier from
A into Y is a right (respectively left) multiplier.
(ii) For each essential Banach left (respectively right) A-module X, 4B(X,Y)
(respectively Bao(X,Y)) is reflexive.
(iii) aB(A,Y) (respectively, B4(A,Y)) is reflexive.

Proof. We prove the theorem for the case of a left module. The other case can
be proved similarly.

(i) = (ii): Let T € ref[4 B(X,Y)]. For each z € X, define
T.: A—Y, T.(a)="T(ax), ac A (1)

It is easy to check that T, is a bounded approximately local right multiplier and
so it is a right multiplier. Thus T(acz) = aT (cx) for all a,c € A. Now the result
follows by essentiality of X.

(ii) = (iii): This is clear.

(iii) = (i): Let T: A — Y be a bounded approximately local right multiplier.
For b € A, we define T} as in (1). Then T}, € ref[4B(A,Y)] = aB(A,Y). Therefore
T(acb) = aT(cb) for all a,c € A. The result now follows from the fact that A2 = A.

L

The following theorem shows that if a Banach algebra A has a bounded
approximate identity, then the reflexivity of the linear space of bounded multipliers
from A into A* implies that every bounded approximately local multiplier from A
is a multiplier.

PRrROPOSITION 2.3. Let A be a Banach algebra with a bounded approximate id-
entity such that 4 B(A, A*) (respectivly B4 (A, A*)) is reflexive. Then for any Banach
left (respectively right) A-module X, every bounded approximately local right
(respectively left) multiplier from A into X is a right (respectively left) multiplier.

Proof. 'We prove the theorem for the case of a left module. The other case can
be treated similarly. In view of Theorem 2.2, it suffices to prove that 4 B(A4, X) is
reflexive. Let T' € ref[4B(A4, X)] and F € X*. Consider

Kp: X — A%, (Kp(x), a) = F(ax), a€ A zeX.
Then Kr is a bounded left A-module morphism, and so

KpoT € ref{4B(A, A*)] = AB(A, A%).
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Thus, for all a,b € A, Kp(T(ab) — aT(b)) = 0. Hence, if we put v = T'(ab) — aT(b),
then F'(cu) =0 for all c € A and F' € A* so that cu = 0. On the other hand, there
is a sequence {T,,} of bounded right multipliers from A into X such that T'(ab) =
lim,, 00 Ty (ab). Therefore
u= lim T,(ab) — aT(b) = lim a[T,(b) — T(b)].

Therefore © € AX. Thus, by Cohen’s factorization theorem, there are e € A and
x € X such that u = ex. This, together with the fact that Au = 0, implies that
u=0. O

3. Approximately local derivations

DEFINITION 3.1. Let X be a Banach A-bimodule. An operator D from A into
X is a local (respectively approximately local) derivation if, for each a € A, there
is a derivation D, (respectively a sequence of derivations {D, ,}) from A into X
such that D(a) = Dy (a) (respectively D(a) = limy,_,oc Dg n(a)). If, in addition, D
is bounded, then we say that D is a bounded local derivation (respectively bounded
approximately local derivation).

Let A be a Banach algebra, and let X be a Banach A-bimodule. It is clear
that local derivations from A into X are exactly members of ref,[Z1(A, X)].
Also, any element of ref,[Z!(A, X)] or ref[Z1(A, X)] is an approximately local
derivation (bounded, in the latter case). However, the converse may not be true,
since the derivations D, , considered in Definition 3.1 need not be bounded. In this
section, we primarily study bounded approximately local derivations and address
the question of when they are derivations. We start with the following theorem,
which determines the relationship between bounded approximately local multipliers
and bounded approximately local derivations.

THEOREM 3.2. Let A be a Banach algebra such that every bounded approxi-
mately local multiplier from A into any Banach A-module is a multiplier. Let X
be a Banach A-bimodule, and let D be a bounded approximately local derivation
from A into X. Then, for all a,b,c,d € A, we have

D(acdb) — D(acd)b — aD(cdb) + aD(cd)b = 0.
If, in addition, A is unital, then D is a derivation.
Proof. Let a € A, and let Y be the norm-closure of aX. Then Y is a closed

right A-submodule of X. Therefore X/Y is a Banach right A-module. Define the
operator D by

D:A— X/Y, D()=D(ab)+Y, beA.

Since D is a bounded approximately local derivation, for each b € A, there is a
sequence of derivations {D,,} from A into X such that D(ab) = lim,,_,~ Dy (ab).
Hence

D(b) = lim D,(ab) +Y = lim [aD,(b) + D,(a)b] +Y = lim [D,(a) + Y]b.

n—oo n—o0 n—oo
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Hence D is a bounded approximately local left multiplier from A into X/Y". Thus,
by the hypothesis, D is a left multiplier. Therefore, for all b,d € A, D(db) =
D(d)b. Hence D(adb) — D(ad)b € Y. Thus there is a sequence {x,,} in X (possibly
depending upon a, b and d) such that

D(adb) — D(ad)b = lim az,. (2)

n—oo

Fix b,d € A, and define
T:A— X, T(a)= D(adb) — D(ad)b, ac A

By (2), T is a bounded approximately local right multiplier and so it is a right
multiplier. Therefore, for all a,c € A, T'(ac) = aT(c). Thus D(acdb) — D(acd)b =
aD(cdb) — aD(cd)b.

Let A be unital with identity e. Put ¢ = d = e. Then D(ab) — D(a)b — aD(b) =
—aD(e)b. On the other hand, if A: A — X is a derivation, then aA(e)b = A(ae)b—
A(a)eb = 0. Therefore aD(e)b = 0, since aD(e)b = lim,,_, aD,,(e)b for a sequence
{D,} of derivations from A into X. Therefore D(ab) — D(a)b—aD(b) = 0. Thus D
is a derivation. O

The next theorem provides useful criteria for determining whether a bounded
approximately local derivation from a Banach algebra with a bounded approximate
identity is a derivation.

THEOREM 3.3. Let A be a Banach algebra with a bounded approximate identity
{ea}acn such that 4B(A, A*) and Ba(A, A*) are reflexive. Let X be a Banach A-
bimodule, and let D be a bounded approximately local derivation from A into X*.
Then there is a bounded derivation A and a right multiplier T' from A into X* such
that D = A+T. Moreover, if X is essential, then A and T are uniquely determined

by this Bropert and the following statements are equivalent.
(1) D is a derivation.

(ii) T is zero.

(iil) weak* —lim,—.0o D(eq) = 0.

(iv) For each ac € A, there is a sequence of bounded derivations {D, ,} such that
D(eq) = limy, o0 Do n(eq) and sup{||Da || | @ € A, n € N} is finite.

Proof. By Proposition 2.3 and Theorem 3.2 (considering the fact that A = A2),
for all a,b,c € A, we have

D(acb) — D(ac)b — aD(cb) + aD(c)b = 0.
By putting ¢ = e, and letting o — 0o, we obtain

D(ab) — D(a)b— aD(b) + alirgo aD(eq)b=0. (3)

Since {D(eq)} is bounded, there is z* € X* and a subnet {D(eq,)} such that

D(eq,) — z* in the weak* topology. Therefore D(ab) — D(a)b—aD(b) +az*b = 0.

Define T: A — X* by T'(a) = az* and put A = D — T. It is straightforward to
check that T is a right multiplier and A is a bounded derivation.

(i) = (iv) and (ii) = (i) are obvious, and (iii) = (ii) and the uniqueness follow

from the essentiality of X. For (iv) = (iii), put K = sup{||Da.n|| | @ € A, n € N}.
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Then for each a,b € A, x € X, a € Aand n € N,

(Dan(eq),bxa) = (aDy pn(eq), bx)
= (Dan(aeq),br) — (Do .n(a), eqadx)

s

= (Dyn(aeq —a),bx) — (Don(a), eqbr — bx).
Therefore
[(Dan (€, baa)| < Kllaca — al|[1ba]] + K]lall |[z]]leab — bl
Therefore, by first letting n — oo and then o — oo, we obtain
(D(eq), bxa) — 0.
This completes the proof. ]

We note that the statements of the preceding theorem hold if we replace ‘right
multiplier’ with ‘left multiplier’. In fact, since A has a bounded approximate
identity, we can write every right multiplier from A into X* as a sum of a left
multiplier and an inner derivation from A into X*.

We recall that a Banach algebra is approximately weakly amenable if every
bounded derivation D from A into A* is approximately inner [10].

COROLLARY 3.4. Let A be an approximately weakly amenable Banach algebra
with a bounded approximate identity. If sB(A, A*) and Ba(A, A*) are reflexive,
then Z1(A, A*) is reflexive.

Proof.  Let D € ref[Z1(A, A*)]. By Theorem 3.3, there are A € Z!(A, A*) and
T € 4B(A, A*) such that D = A +T. Therefore T € ref[Z'(A, A*)]. Hence, since A
is approximately weakly amenable, for every a € A, there is a sequence {z,,,} € A*
such that

T(a) = lim a%qn — Tana. (4)

n—oo

Now, let {en |« € A} be a bounded approximate identity for A, and let E be a
weak*-cluster point of {e, |a € A} in A**. Then E is a two-sided identity for A
in A**. In particular, for all a € A and = € A*, (E,ax — za) = (Fa — oF,z) =0.
Therefore, from (4),

(E,T(a))=0, ac€ A (5)

However, T is a (bounded) right multiplier, and so, by a weak*-cluster point of
T(eq), being taken, there is y € A* such that T(a) = ay. Thus

(E,T(a)) = (Ea,y) = (y,a).
Therefore, from (5), y = 0, and hence T' = 0. Therefore D is a derivation. O
Let ¢ be a character on the Banach algebra A (that is, ¢ is a non-zero

multiplicative linear functional on A). A functional d on A is called a point
derivation at ¢ if

d(ab) = d(a)p(b) + ¢(a)d(b), a,be A

It is shown in [10, Proposition 2.1] that if a Banach algebra has a non-zero bounded
point derivation, then it is not approximately weakly amenable. As we see in
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the next proposition and the following corollary, non-zero point derivations also
generate local multipliers which are not multipliers. This is noted for a particular
example in [12, p. 319]. We modify it for the general case.

ProroOSITION 3.5. Let A be a Banach algebra, let ¢ be a character on A,
and let d be a point derivation at ¢. Then the operator D: A — A* defined
by D(a) = d(a)¢ is a derivation which is also both a local left and a local right
multiplier. Moreover, if d is bounded, then so is D.

Proof. It is straightforward to check that D is a derivation, and, if d is bounded,
then D is bounded. Therefore it just remains to show that D is both a local left
and a local right multiplier. For that, it suffices to show that for every a € A, there
is F,, € A* such that, for every b € A,

(D(a),b) = (F,,ba) = (F,, ab). (6)
Take a € A. We consider two cases.

Case I: p(a) # 0. Put F, = D(a)/¢(a). Then

(Fa,ab) = 1/¢p(a)(D(a), ab) = [1/¢(a)]d(a)p(ab)
= [1/¢(a)ld(a)p(a)p(b) = (D(a),b).
Similarly, we have (Fy,ba) = (D(a),b).
Case II: p(a) = 0. Put F, = d. Then it is easy to see that (6) holds. O

COROLLARY 3.6. Let A be a Banach algebra such that A = A2. Suppose that
every bounded local left multiplier from A into A* is a left multiplier. Then A does
not have a non-zero bounded point derivation. The same result is true if we replace
‘left” with ‘right’ in the above statement.

Proof. Let d, ¢ and D be as considered in Proposition 3.5. Then, by the
hypothesis and the same proposition, D is both a bounded derivation and a bounded
multiplier. Therefore, a simple calculation shows that D vanishes on {ab : a,b € A},
and so does d. Hence d = 0. O

Let A be a Banach algebra, let X and Y be left (right) Banach A-modules, and let
T: X — Y be an operator. Then T is left-intertwining (right-intertwining) over A
if the operator z — T'(az) —aT(x); X — Y (z+— T(za) —T(z)a; X —Y)
is bounded for all a € A. Suppose that X and Y are Banach A-bimodules. Then
T is intertwining over A if it is both left-intertwining and right-intertwining. It is
easy to see that each derivation is an intertwining map. A classical approach for
determining whether an operator T: X — Y is bounded is to see first whether
it is intertwining. As we see in the next two results, this approach will help us to
determine whether an approximately local derivation is bounded.

THEOREM 3.7. Let A be a Banach algebra with a bounded approximate identity
such that every approximately local multiplier from A into any Banach A-module
is a multiplier. Then every approximately local derivation from A into any Banach
A-bimodule is an intertwining map over A.
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Proof. Let X be a Banach A-bimodule, let D: A — X be an approximately
local derivation, and let a € A. Let {b,} be a sequence in A such that b, — 0. By
[2, Corollary 11.11, Corollary 11.12], there are ¢,d € A and a sequence {t,} C A
such that for each n € N, b,, = cdt,, and t,, — 0. An argument similar to the one
found in Theorem 3.2 shows that the operator T: A — X defined by

T(b) = D(acb) — aD(ch), be A,

is an approximately local left multiplier, and so, by the hypothesis, T is a left
multiplier. Thus

D(aby,) — aD(b,) = T(dt,) = T(d)t, — 0.

Therefore D is left-intertwining over A. Similarly, we can show that D is right-
intertwining over A. O

COROLLARY 3.8. Let A be a Banach algebra with a bounded approximate
identity such that every approximately local multiplier from A into any Banach
A-module is a multiplier. If every derivation from A into any Banach A-bimodule

is bounded, then every approximately local derivation from A into any Banach
A-bimodule is bounded.

Proof. The result follows from Theorem 3.7 and [7, Corollary 2.7.7]. O

4. Approximately locally unital Banach algebras

In Theorem 3.2 we showed that for unital Banach algebras, the reflexivity of the
linear space of bounded multipliers is sufficient for bounded approximately local
derivations to be derivations. In this section, we extend that result to a considerably
larger family of Banach algebras that we call approximately locally unital.

DEFINITION 4.1. Suppose that A is a Banach algebra and a € A. We say that
a has a left (right) identity in A if, for some b € A, ba = a (ab = a). We say that A
is approximately locally unital if there are subsets A; and A, of A such that A is
the closed linear span of both A; and A, and each element of A; and A, has a left
identity and a right identity in A, respectively. From the definition, it is clear that
if A is approximately locally unital, then 4 = A2.

EXAMPLE 4.2. Let A be a commutative regular semisimple Banach algebra,
and let A. be the linear subspace of A consisting of those elements with compact
support. From [7, Proposition 4.1.18], for each a € A, there is an element b € A
such that b = 1 on suppa, so ab = ba = a. Thus A is approximately locally unital
if A is dense in A. Some known examples of this kind of algebra are Cy(Q2) for a
locally compact topological space 2 equipped with the norm ||- || and the Fourier
algebra A(G) for a locally compact group G.

PROPOSITION 4.3. Let A be an approximately locally unital Banach algebra
such that s B(A, A*) (respectively B(A, A*)) is reflexive. Then every bounded
approximately local right (respectively left) multiplier from A into any Banach left
(respectively right) A-module is a right (respectively left) multiplier.
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Proof. Let X be a Banach left A-module. By Theorem 2.2, it suffices to show
that 4 B(A, X) is reflexive. Therefore let T' € ref[4 B(4, X)]. By a similar argument
to the one made in the proof of Proposition 2.3, we can show that for all a,b,c € A,
aT (bc) = abT'(c). Now let A; be as in Definition 4.1 and take b € A;. There is an
element a € A such that ab = b. Since T € ref[4 B(A4, X)], for each ¢ € A, There is
a sequence {1, } in 4B(A, X) such that T'(bc) = lim,,— o T}, (bc). Therefore

T(be) = bT(c) = nILH;o T, (bc) — bT'(c) = nILrI;O T, (abc) — abT(c)
= anlirr;o T, (bc) — abT'(¢) = aT'(be) — abT'(c) = 0.

The final result follows because A is the closed linear span of A;. The proof in the
case of right modules follows along similar lines. ]

THEOREM 4.4. Let A be an approximately locally unital Banach algebra such
that 4 B(A, A*) and Ba(A, A*) are reflexive. Then every bounded approximately
local derivation D from A into a Banach A-bimodule X is a derivation. In particular,
ZY(A, X) is reflexive and ref,[Z1 (A, X)|N B(4, X) = Z1(A, X).

Proof. From Proposition 4.3 and Theorem 3.2, for all a,b,¢,d € A,
D(acdb) — D(acd)b — aD(cdb) + aD(ced)b = 0. (7)
Let A; and A, be as in Definition 4.1. Take a € A, and b € A;. There are e, f € A

such that ae = a and fb=10. Let g =e+ f —ef. Then it is easy to see that ag = a
and gb = b. Now, if, in (7), we put ¢ = d = g, then

D(ab) — D(a)b — aD(b) = —aD(g?)b.
On the other hand, if A is any derivation from A into X, then
alA(g*)b = Alag?®)b — A(a)g*b = A(a)b — A(a)b = 0.

Therefore aD(g?)b = 0, since aD(g?)b = lim, . aD,(g%)b for a sequence {D,,}
of derivations from A into X. Therefore D(ab) = D(a)b+ aD(b). The final result
follows because A is the closed linear span of both A; and A,. O

The following is an application of Theorem 4.4 which will be used later.

THEOREM 4.5. Let A be a Banach algebra, and let { A;};cr be a family of Banach
subalgebras of A such that (D, ; A;)~ = A. If, for each i € I, A; is approximately
locally unital and a4,B(A;, A7) and Ba, (A;, A}) are reflexive, then every bounded
approximately local derivation from A into any Banach A-bimodule is a derivation.

Proof. By the hypothesis, for each i € I, there are subsets A! and A} of A; such
that A; is the closed linear span of both Al and A!, and each element in A} has a left
identity and each element in A} has a right identity in A;. Therefore, if we put 4; =
Uier Al and A, = Uier A, then Aj and A, satisfy the assumption of Definition 4.1,
and it follows that A is an approximately locally unital Banach algebra. Therefore,
by Theorem 4.4, it suffices to show that 4 B(A, A*) and B4(A, A*) are reflexive.
Let T € ref[4B(A, A*)] and let T; be the restriction of T' to A;. By the hypothesis
and Proposition 4.3, each T; is a right multiplier. On the other hand, if a € A;
and b € A;, where i # j, then aT'(b) = 0. To see this, let {T},} be a sequence in
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AB(A, A*) such that T'(b) = lim,,— o T}, (b). Then
aT(b) = nhﬁrr;o aT,(b) = nILrI;O T, (ab) = 0.
Thus, for each a;,b; € A; and a;,b; € A; with ¢ # j,
T[(a; + a;)(b; +bj)] = T(aa; + b;b;) = a;T(a;) + b;T(b;) = (a; + a;)T(b; + b;).
Therefore T acts as a right multiplier on the direct sum of {A4;};c; which is dense

in A. Since T is bounded, it follows that T' € 4B(A, A*). Similarly, we can show
that B (A, A*) is reflexive. O

Let A and B be Banach algebras, and let A® B be their projective tensor
product. There are Banach A-bimodule actions on A ® B specified by
a-(c®b)=ac®b, (c®b)-a=ca®b, a,c€ A, be B.

Similarly, we can define Banach B-bimodule actions on A® B.

THEOREM 4.6. Let {A4;}" , be a finite set of Banach algebras, and let

If, for each i, A; is approximately locally unital and 4,B(A;, A}) and Ba, (4;, AY)
are reflexive, then every bounded approximately local derivation from A into any
Banach A-bimodule is a derivation.

Proof. First consider the case n = 2. For i = 1,2, there are subsets A} and A}
of A; such that A; is the closed linear span of both A! and A!, each element in Al
has a left identity and each element in A} has a right identity in A;. Put

A]Z{Gq@aglaiGAli}, Ar:{b1®b2|bl€AI}

Then A; and A, satisfy the assumption of Definition 4.1 and so A is an
approximately locally unital Banach algebra. Therefore, by Theorem 4.4, it suffices
to show that 4B(A, A*) and B4(A, A*) are reflexive. We show that 4B(A, A*)
is reflexive. The other case can be treated similarly. Let T€ 4B(A, A*). We claim
that T(c-u) = ¢-T(u) for all ¢ € A; and u € A. To this end, it suffices to show
that

<T(C(L1 ®a2),b1 ®b2>:<T(a1 ®a2),b10®b2>, cc Al, ai,bi S Al (8)
Let ay € A} and by € AL. By a similar argument to the one made in Theorem 4.4,
there is g € Ay such that gas = as and bog = by. Hence
(T(ca; ® az),b; @ be) = (T(ca; ® gaz), by ® ba)
= <(C® g)T(a1 &® ag),bl X b2> = <T((l1 &® ag), b10® bgg>
= <T(a1 X az), bic® b2>
Thus equation (8) holds since A, is the closed linear span of both Al and AL.
Therefore, 4B(A, A*) C 4, B(A, A*). On the other hand, A is an essential Banach

Aj-bimodule, and so from Proposition 4.3 and Theorem 2.2, 4,B(A, A*) is reflexive.
Thus

ref[4B(A, A")] C 4,B(A, A7) (9)
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Similarly, we can show that
ref[4 B(A, A%)] C 4,B(A, A"). (10)

Now let T € ref[ 4B(A, A*)]. Then, for every a; € A1, az € Ay and u € A, from (9)
and (10) we have

Tl(a1 ® az)u] = Tlay - (a2 -u)] = a1 - T'(az - u) = (a1 ® az)T (u).
Hence T € 4B(A, A*). For n > 2, put

n—1
B=(X)A;.
i=1
Then A = B® A,,. Therefore the result follows by induction. O

5. C*-algebras

Let A be a C*-algebra, and let X be a Banach A-bimodule. It is known
that derivations from A into X are bounded [7, Theorem 5.3.7], so Z1(A4,X) =
ZY(A,X). In [12], Johnson showed that local derivations from A into X are
derivations, that is, Z'(A, X) is algebraically reflexive. In this section we prove
the stronger statement that approximately local derivations from A into X are
derivations. In particular, Z1(A, X) is also reflexive. First, we need the following
lemma.

LEMMA 5.1. Let A be a unital C*-algebra. Then every bounded approximately
local multiplier from A into any Banach A-module is a multiplier.

Proof. By Proposition 4.3, it suffices to show that 4 B(A, A*) and Ba(A, A¥)
are reflexive. First assume that A = C(K) for a compact subset K of R, and R is the
restriction map from Cy(R) onto C'(K). Then C(K) becomes an essential Banach
Co(R)-bimodule for the actions defined by

ba = R(b)a, ab=aR(b), a € C(K), be Cy(R).

On the other hand, by [12, Proposition 3.1], bounded approximately local
multipliers from Cy(R) into Co(R)* are multipliers, so, by Proposition 2.3 and
Theorem 2.2, B, w)(C(K),C(K)*) and ¢,®)B(C(K),C(K)*) are reflexive. The
final result follows from the fact that

Be)(C(K),C(K)*) = Be,m) (C(K),C(K)"),
cx)B(C(K),C(K)*) = ¢y®) B(C(K),C(K)").

We now consider the general case. Let T' € ref[4B(A, A*)], let a € A be a self-
adjoint element, and let A(a) be the C*-subalgebra of A generated by a and 1. It
is well known that there is a compact subset K of R such that A(a) is isometrically
isomorphic to C(K). On the other hand, A is an essential Banach left A(a)-module,
so, by the preceding case and Theorem 2.2, 4(,)B(A, A*) is reflexive. However,
AB(A,A*) - A(a)B(A, A*), so T € A(a)B(A, A*), that is, T(ab) = aT(b) for all b €
A. The final result follows, since A is the linear span of its self-adjoint elements.
The reflexivity of B4(A, A*) can be proved similarly. ]
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THEOREM 5.2. Let A be a C*-algebra, and let X be a Banach A-bimodule.
Then every approximately local derivation D from A into X is a derivation.

Proof. Without loss of generality, we can assume that A is unital, for otherwise
we may consider the unitalization A* of A (see [7, Definition 3.2.1]) and extend X
to a Banach Af-bimodule by defining 1z = 1 = x and D to an approximately local
derivation from A* into X by defining D(1) = 0. By Theorem 3.2 and Lemma 5.1,
in order to show that D is a derivation, it suffices to show that D is bounded. To
this end, from [4, Corollary 1.2], it suffices to show that the restriction of D to any
commutative unital C*-subalgebra C(2) of A is bounded. By a similar argument
to the one made in [12, Proposition 7.2], every approximately local multiplier from
C(Q) into any Banach C(2)-module is bounded, so, by Lemma 5.1, it is a multiplier.
Therefore, since C(Q2) is unital, by Corollary 3.8, the restriction of D to C(2) is
bounded. This completes the proof. |

6. Banach algebras generated by idempotents

Let A be a Banach algebra, let E be the set of idempotents in A, and let A(E) be
the subalgebra of A generated by E. We say that A is generated by idempotents if
A(F) is dense in A. It is easy to see that A(E) is the linear span of ¥ = {e; ... e, |
n € N,e; € E}. Moreover, for each element u = ey ...e, in X, e; and e, are left
and right identities for u, respectively.

THEOREM 6.1. Let A be a Banach algebra generated by idempotents. Then
every bounded approximately local derivation from A into any Banach A-bimodule
is a derivation.

Proof. By the remark before the theorem, A is approximately locally unital.
Thus, from Theorem 4.4, it suffices to show that 4B(A, A*) and Ba(A, A*)
are reflexive. Let T €ref[4B(A, A*)], and a€ A. Let e be an idempotent in A.
By the assumption, there is a sequence {7} C a4B(A4, A*) such that T(ea) =
lim,, o, Ty (ea). Hence

eT(ea) = lim eTy,(ea) = lim T,(e*a) = lim T),(ea) = T(ea). (11)
n—oo n—oo n—oo
On the other hand, there is a sequence {S,} C 4B(A, A*) such that T'(a — ea) =
lim,, o, Sy (a — ea). Therefore
eT(a —ea) = lim eS,(a —ea) = lim S,(ea — e?a) = 0. (12)
Therefore, from (11) and (12), T(ea) =€T'(a). Thus T € 4 B(A, A*) because A is
generated by idempotents. The reflexivity of B4(A, A*) can be proved similarly. []

EXAMPLE 6.2. (i) Let I be a non-empty set, and let p € [1, 00). Then IP(I) and
¢o(I), with pointwise addition and multiplication, are Banach algebras generated
by idempotents. Therefore, bounded approximately local derivations from I?(I) or
co(I) are derivations.

(ii) Let G be a locally compact totally disconnected group, and let A(G)
be the Fourier algebra of G. It is shown in [9, p. 188] that A(G) is generated
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by idempotents, so bounded approximately local derivations from A(G) are
derivations.

Let X be a Banach space, let F(X) be the algebra of all finite rank operators
in B(X), and let Y be an (algebraic) F(X)-bimodule. Bresar and Semrl showed
in [3, Theorem 3.6] that every linear mapping D: F(X) — Y satisfying D(P) =
PD(P) + D(P)P for every projection P in F(X) is a derivation. Now assume
that Y is, in addition, a normed space and D: F(X) — Y is an approximately
local derivation (the definition would be similar to Definition 3.1). Then it is
straightforward to check that D satisfies the above condition of Bresar and Semrl
so that D is a derivation. Hence we can state the following.

THEOREM 6.3. Let X be a Banach space, let F(X) be the algebra of all
finite rank operators in B(X), and let Y be an F(X)-bimodule which is also a
normed space. Then every approximately local derivation D from F(X) into Y is
a derivation.

We recall that a Banach operator algebra on a Banach space X is a subalgebra
of B(X) containing F'(X) such that it is a Banach algebra with respect to some
norm.

The following corollary follows immediately from the preceding theorem and
Corollary 3.6.

COROLLARY 6.4. Let X be a Banach space, and let A be a Banach operator
algebra on X. If F(X) is dense in A, then every bounded approximately local
derivation from A into any Banach A-bimodule is a derivation. In particular, A
does not have a non-zero bounded point derivation.

EXAMPLE 6.5. Let X be a Banach space. Then A(X), the space of
approximable operators, N'(X), the space of nuclear operators, and C,(X) for
1 < p < oo when X is a Hilbert space are Banach operator algebras having F(X)
as a dense subalgebra. See [7, Definition A.3.55, Definition A.3.57; 18, Chapter 2]
for the details.

7. Semisimple annihilator Banach algebras

Let A be a Banach algebra and E C A. The left and right annihilator of E are
the sets lan(E) and ran(E) given by

lan(E) ={a € A|aE ={0}}, ran(F)={a€ A|Ea={0}}.

A is an annihilator Banach algebra if, for every closed left ideal L and closed right
ideal R,

ran(L) = {0} if and only if L = A,
lan(R) = {0} if and only if R = A.
EXAMPLE 7.1. (i) Let G be a compact group. Then LP(G) for 1 < p < oo and

C(G) with the convolution product are semisimple annihilator Banach algebras [1,
Section 4].
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(ii) Let G be a locally compact group. Then AP(G), the algebra of almost
periodic functions on G with convolution product and uniform norm, is a semisimple
annihilator Banach algebra [1, Section 4].

LEMMA 7.2. Let A be a semisimple annihilator Banach algebra. Then A is
approximately locally unital.

Proof. Let
A= U {I'| I is a minimal right ideal}

and
Ay = J {I | T is a minimal left ideal}.

From [2, Proposition 32.17], there is a two-sided ideal of A, denoted by soc(A), such
that the linear span of both A; and A, is dense in soc(A4) and A = soc(A). On the
other hand, by [2, Proposition 30.6], every minimal right ideal and minimal left ideal
has the form eA and Af for some minimal idempotents e and f in A, respectively.
In particular, e is a left identity for elements of eA and f is a right identity for the
elements of Af. Therefore, A] and A, satisfy the condition considered in Defini-
tion 4.1 and so A is approximately locally unital. O

THEOREM 7.3. Let A be a semisimple annihilator Banach algebra, and let X
be a Banach A-bimodule. Then every bounded approximately local derivation from
A into X is a derivation.

Proof. By [2, Proposition 32.17], A is the closure of the direct sum of the
minimal closed bi-ideals of A. Also, by [2, Corollary 32.12], each minimal closed bi-
ideal of A is a semisimple annihilator Banach algebra. Therefore, from Lemma 7.2
and Theorem 4.5, it suffices to show that for each minimal closed bi-ideal I,
1B(I,I*) and B;(I,I*) are reflexive. Let T' € ref[; B(I,I*)]. By [2, Theorem 32.20],
there is a Banach space X such that soc(I) and F(X) are algebraically isomorphic.
Therefore, from Theorem 6.3, the restriction of T' to soc(I) is a right multiplier.
Therefore T € ;B(I,I*) because I = soc(I) and T is bounded. The reflexivity of
B;(I,I*) can be proved similarly. O

COROLLARY 7.4. Let A be a semisimple annihilator Banach algebra. Then there
is no non-zero bounded point derivation on A.

Proof. This is a result of the preceding theorem and Corollary 3.6. O

8. Group algebras

In this final section, we investigate bounded approximately local derivations from
the group algebras. We start with the following essential theorem which states that
bounded approximately local multipliers from the group algebras are multipliers.

THEOREM 8.1. Let G be a locally compact group. Then every bounded

approximately local multiplier from L'(G) into any Banach L!(G)-module is a
multiplier.
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Proof. Since L'(G) has a bounded approximate identity, from Proposi-
tion 2.3, it is enough to show that (¢ B(L'(G),L'(G)*) and Bri ) (LY(G),
LY(G)*) are reflexive. First we consider the case when G is discrete. Let T €
1 eB(IYG),11(G)*). Take x € G and let H be the subgroup generated by x. Then
H is an abelian subgroup of G, 1'(H) is a closed subalgebra of 11(G) and 1'(G)
is an essential Banach 1'(H)-bimodule. Also, it is easy to see that the restriction
of T to 1'(H) is a bounded approximately local right multiplier from 1'(H) into
11(G)*. However, the argument in the beginning of [19, Section 3], can be employed
to show that every approximately local multiplier from 1}(H) is a local operator
in a sense of [12, Section 3] or [19, Section 2]. Thus, by [19, Theorem 2.4],
Thimy: '(H) — 11(G)* is a right multiplier (see also [19, Corollary 4.5]). In
particular, if e is the identity in G, then T'(0,) = 6,T(d.). Therefore T'(f) = fT(de),
where f is in the linear span of ¥ = {0, | € G}. The final result follows from the
fact that T is bounded and 1}(G) is the closed linear span of X.

We now consider the general case. First we note that

L@ B(LY(G),LY(G))] =16 B(L'(G),LY(G)") = () B(LY(G), L1 (G)").  (13)

To see this, let T € 1) B(L'(G), L' (G)*) and p € M(G). Since L'(G) is dense in
M(G) in the strong operator topology [7, Theorem 2.9.49], there is a net {f;};cs
in L1(G) such that, for all g € LY(G), fi*xg — p*g and g x f; — g * p in the
L'-norm. Hence

T(pu+g) =norm — lim T(f; x g) = w* — lim T(f; xg)
=w" — lim f; «T(g) = pu=xT(g).

Therefore T' € p)B(L'(G),L'(G)*). Since 1'(G) is also dense in M(G) in the
strong operator topology, the other equality in (13) follows by the same argument.
On the other hand, from Proposition 2.3, Theorem 2.2 and the result we obtained
in the first part,

1@ BLYG),LY(G))

is reflexive. Therefore, from (13), Ll(G)B(Ll(G), LY(GQ)*) is reflexive. The reflexivity
of Bri(c)(L'(G),L'(G)*) can be proved similarly. O

COROLLARY 8.2. Let G be a locally compact group, and let J be an ideal in
LY(G) with finite codimension. Then every bounded approximately local multiplier
from J into any Banach L'(G)-module is a multiplier. If, in addition, G is amenable,
then the result is true for all Banach J-modules.

Proof. We give the proof for a left module case. The other case can be proved
similarly. From [20], J=J2, so J is closed and it is an essential Banach L!(G)-
bimodule. Also, for every Banach left L!(G)-module Y, T € ;B(J,Y), a€ A and
b,c € J, we have

T(abc) = abT'(c) = aT'(bc).
Now, since J = J?,
JBULY) =126y B(L,Y).

Hence we have the result, from Theorem 8.1 and Theorem 2.2. If G is amenable,
then by Johnson’s theorem, L (G) is amenable and so, by [6, Corollary 3.8], J has a
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bounded approximate identity. On the other hand, by the preceding part, ;B(J, J*)
is reflexive. Therefore, the result follows from Proposition 2.3. |

REMARK 8.3. Let G be a locally compact group, and let J be an ideal in L*(G)
with finite codimension. Since J* is a Banach L!(G)-bimodule, from Corollary 8.2,
bounded local multipliers from J into J* are multipliers. Hence, from Corollary 3.6,
there is no non-zero bounded point derivation on J. However, for certain groups,
even ideals of codimension 1 need not be weakly amenable [14].

The next theorem follows immediately from the preceding theorem and
Theorem 3.3.

THEOREM 8.4. Let G be a locally compact group, let X be a Banach L!(G)-
bimodule, and let D be a bounded approximately local derivation from L*(G) into
X*. Then there is a bounded derivation A and a right multiplier T from L'(G) into
X* such that D=A + T. Moreover, if X is essential, then A and T are uniquely
determined by this property, and the following statements are equivalent for each
bounded approximate identity {es}aca for L(G).

(i) D is a derivation.
(ii) T is zero.
(iil) weak™ — limg—00 D(eq) = 0.

COROLLARY 8.5. Let G be a locally compact group. Then Z1(LY(G),LY(G)*)
is reflexive.

Proof. By [7, Theorem 5.6.48], L!(G) is weakly amenable. Therefore, the result
follows from Theorem 8.1 and Corollary 3.4. O

REMARK 8.6. Since L!(G) is semisimple, derivations on L!(G) are bounded
[13], so bounded approximately local derivations on L' (G) are exactly the members
of ref[Z1(L}(G),L}(G))]. On the other hand, L!(G) is a submodule of M(G) =
Co(G)* and Cy(G) is an essential Banach L!(G)-bimodule. Hence, by the preceding
theorem, a bounded approximately local derivation D on L'(G) is a derivation
if and only if weak™ — lim,_ D(eo) = 0 for a bounded approximate identity
{ea}aca for L*(G). This provides a useful criterion for determining whether D is a
derivation. For example, let G be a SIN group. Then L!(G) has a central bounded
approximate identity {es}aeca. However, if A is a derivation on L!(G), then, by
[7, Theorem 5.6.53], there is a measure p € M(G) such that A(f) = fxp—px* f
for all f € LY(G). Thus, for each a € A, A(e,) = 0, and so D(e,)=0 since
D(eq) = limy, 00 Do n(eq) for a sequence of derivations {D,, ,,} on L*(G). Hence
D is a derivation.

We can extend the result we have obtained in the preceding remark. In order
to do that, we will use the theory of approximately locally unital Banach algebras
that we developed in Section 4. First we need the following lemma.

LEMMA 8.7. Let G be a locally compact group, and let H be an open subgroup

of G. If L*(H) is approximately locally unital, then L'(G) is approximately locally
unital.
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Proof. Since H is an open subgroup of G, we can consider L'(H) as a closed
subalgebra of L!(G) where elements in L!(H) are exactly those in L'(G) which
vanishes off H. By the hypothesis, L(H) is approximately locally unital, and so it
has subsets B} and B, satisfying the conditions in Definition 4.1. Put

A ={f*0, | feB,zeG}, A ={bxf]|f€By,xeG}.

We show that A; and A, satisfy the assumption in Definition 4.1 for L!(G). Let
f € By and x € G. By the assumption, there is g € L'(H) such that g * f=f.
Therefore g x (f * 0,) = f * §,. Hence each element in A; has a left identity. Since
C.(G) is dense in L*(G), in order to show that L!(G) is the closed linear span
of Aj, it suffices to show that C.(G) C span A;. Let ¢ € C.(G). Since supp ¢ is
compact, H is open and G = (J, o Hz, there is a finite subset {z1,...,2,} of
G such that supp ¢ C (J;_, Hz;, where the union is disjoint. Thus ¢ = X7 ¢;,
where ©; = O X, - It is easy to see that ¢; € LY(G) and supp p; C Hz;. Therefore,
@;#0 -1 € L*(H) = span Bi. However, ¢; = (¢;%8,-1)*d,,. Therefore ¢; € span A,
for each ¢ = 1,...,n. Therefore ¢ € spanA;. A similar result can be obtained
for A,. O

THEOREM 8.8. Let G be a locally compact group, and let X be a Banach L!(G)-
bimodule. Then, in either of the following cases, every bounded approximately local
derivation from L!(G) into X is a derivation.

(i) G is a SIN-group.
(ii) G is a totally disconnected group.

Proof. From Theorem 8.1 and Theorem 4.4, it suffices to show that L}(G) is
approximately locally unital whenever G is a SIN or a totally disconnected group.
To this end, we first consider the following two cases.

Case I: G is abelian. In this case LY(G) is isometrically isomorphic to the Fourier
algebra A(G), where G is the dual group of G. Thus, by Example 4.2, L}(G) is
approximately locally unital.

Case II: G is compact. Then L!(G) is a semisimple annihilator Banach
algebra by Example 7.1(i).Therefore it is approximately locally unital by Lemma
7.2.

Now let G be a SIN-group. Then, by [11, Theorem 2.13], G has an open normal
subgroup V x K, where V= R™ for some integer n and K is compact. Since
LY(V x K) =LY (V) & LY(K), from the above two cases and the proof of Theorem
4.6, LY(V x K) is approximately locally unital. Therefore L!(G) is approximately
locally unital by Lemma 8.7. A similar argument applies when G is a totally
disconnected group, because in this case the identity in G has a basis consisting of
open compact subgroups. ]

THEOREM 8.9. Let G be a locally compact group. Then every bounded
approximately local derivation from M(G) into any Banach M (G)-bimodule is a
derivation if and only if G is discrete. Moreover, if G is non-discrete, then there is
an essential Banach M (G)-bimodule X and a bounded local derivation from M (G)
into X which is not a derivation.
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Proof. If G is discrete, then M(G) = 11(G), so the result follows from Theo-
rem 8.8. Now assume that G is non-discrete. By [8, Theorem 3.2], there is a
character ¢ on M(G) and a non-zero bounded point derivation d on M(G) at
. Thus d € M(G)* and

d(ab) = ¢(a)d(b) + d(a)e(b), a,b e A.

In particular, if we put I = kerd and J = ker ¢, then J is a maximal ideal and
I is a (proper) linear subspace of M(G) such that J? C I. Moreover, by Proposi-
tion 3.5, the bounded operator D: M(G) — M(G)* defined by D(a) = d(a)yp is
both a derivation and a local left multiplier. Let 1) be the augmentation character
on M(G) defined by

V(p) =pu(G),  peMG).

Put M = kert. Then M is a maximal ideal in M(G). If T is the restriction of
D to M, then T is a bounded local left multiplier from M. We claim that T is
not a left multiplier. Otherwise, a simple calculation shows that aD(b) = 0 and so
d(b)p(a) = 0 for all a,b € M. Therefore M C I or M C J. On the other hand,
by [7, Theorem 3.3.30], M = M?, and so there is no non-zero point derivation
on M(G) at ¢ and so ¢ # ¢. Hence M ¢ J. Also, M ¢ I, for otherwise, since
M(G) = J 4+ M, we would have

MG)=M@GY? CJ*+MCI+I=1,

which is impossible. Hence T is not a left multiplier. Now, if we let X = M(G)*
become a Banach M-bimodule by defining the left action to be 0 and the right
action to be the one induced from M (G)*, when it is viewed as the dual module of
M(G), then T: M — X is a bounded local derivation which is not a derivation.
Finally, because M(G) = M @ Cé,, if we define ez = 26, = = (x € X) and
T(6.) = 0, X becomes an essential Banach M (G)-bimodule and T extends to a
bounded local derivation from M (G) into X, which is not a derivation. O
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