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1. INTRODUCTION

The present paper is devoted to a complete description of derivations on
the algebra of locally measurable operators LS(M) affiliated with a type I
von Neumann algebra M.

Given a (complex) algebra A, a linear operator D : A — A is called a
derivation if D(xy) = D(x)y + zD(y) for all z,y € A. Each element a € A
generates a derivation D, : A — A defined as D,(z) = ax — xza, x € A. Such
derivations are called inner derivations.

It is well known that all derivation on a von Neumann algebra are inner
and therefore are norm continuous. But the properties of derivations on the
unbounded operator algebra LS(M) seem to be very far from being similar.
Indeed, the results of [2] and [5] show that in the commutative case where
M = L*>®(Q,%, 1), with (©, 3, 1) any non atomic measure space with a finite
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measure /i, the algebra LS(M) = L%(£2, %, i) of all complex measurable func-
tions on (£2, X, ) admits non zero derivations. It is clear that these derivations
are discontinuous in the measure topology (i.e., the topology of convergence
in measure), and thus are non inner. It seems that the existence of such
pathological examples deeply depends on the commutativity of the underly-
ing algebra M. Indeed, the main result of our previous paper [1] states that if
M is a type I von Neumann algebra, then any derivation D on LS(M), which
is identically zero on the center Z of the von Neumann algebra M (i.e., D is
Z-linear), is inner, i.e., D(z) = ax—za for an appropriate element a € LS(M).

In the mentioned paper [1] we have also constructed an example of a non
inner derivation on the algebra LS(M), where M is a homogeneous type
I, algebra L (Q)®@M,(C). In this case LS(M) coincides with the algebra
M, (L°(Q)) of all n xn matrices over the algebra L°(Q) = L%(£2, ¥, u). Namely,
given any non zero derivation 6 : L%(Q) — L°(€) and a matrix (Nij)ijz1 €
Mn(LO(Q))7 )‘ij € LO(Q)7i’j = m7 put

Dé(()‘ij)ijl) - (5(/\1'1'))%:1-
Then it is clear that Dy defines a derivation on M, (L°(Q)), which coincides
with & on the center of M, (L%(9)).

In the present paper we prove that for type I von Neumann algebras the
above construction (1) gives the general form of the pathological derivations
and these only exist in type I 1;, cases, while for type I von Neumann algebras
M all derivation on LS(M) are inner. Moreover we prove that an arbitrary
derivation D on LS(M) for a type I von Neumann algebra M, can be uniquely
decomposed into the sum D, + Ds where the derivation D, is inner and the
derivation Dg is of the form above. In such a decomposition ¢ is defined
uniquely, and the element a is unique up to a central summand.

2. PRELIMINARIES

Let (2, X, 1) be a measurable space and suppose that the measure p has the
direct sum property, i. e. there is a family {Q; }ies C 3,0 < pu(2;) < 00, @ € J,
such that for any A € 3, u(A) < oo, there exist a countable subset Jy C J
and a set B with zero measure such that A= J (AN Q;) U B.

1€Jo

We denote by L(Q) = L°(£, %, 1) the algebra of all (equivalence classes
of) complex measurable functions on (€2, %, u) equipped with the topology
of convergence in measure. Then L°(Q) is a complete commutative regular
algebra with the unit 1 given by 1(w) =1, w € Q.
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Recall that a net {\,} in L°(Q) (0)-converges to A € L°(Q) if there exists
a net {&,} monotone decreasing to zero such that |\, — A| <&, for all a.

Denote by V the complete Boolean algebra of all idempotents from L°(€2),
i. e. V={xa: A€ X}, where Y4 is the element from L°({2) which contains
the characteristic function of the set A. A partition of the unit in V is a family
(ma) of orthogonal idempotents from V such that \/_, 7o = 1.

A complex linear space F is said to be normed by L°(€) if there is a map
||| : B — L°() such that for any z,y € E, X € C, the following conditions
are fulfilled:

1) [|z]]| > 0; ||z|| = 0 <= z = 0;

2) [IAz]] = [Alll]l;

3) [l +yll < llzll + llyll
The pair (E, ||-||) is called a lattice-normed space over L°(2). A lattice-normed
space F is called d-decomposable, if for any = € E with ||z]| = A1+ X2, A1, A2 €
LO(£2), AM1A2 = 0, A1, A2 > 0, there exist 1,22 € E such that z = z1 + 22 and
lzi|| = Aiy i = 1,2. A net (z,) in E is said to be (bo)-convergent to x € F, if
the net {||z, — z||} (0)-converges to zero in LY(Q). A lattice-normed space E

which is d-decomposable and complete with respect to the (bo)-convergence
is called a Banach — Kantorovich space.

It is known that every Banach-Kantorovich space E over LY(£2) is a module
over LY(Q) and || Az|| = |A|||z| for all A € L°(2), = € E (see [6, Chapter II}).

Let K be a module over L°(2). A map (-,-) : K x K — L°(Q) is called
an LP(2)-valued inner product, if for all x,y,2z € K, A € L°(Q), the following
conditions are fulfilled:

1) (z,z) > 0; (z,x) =0 x=0;
2) (z,9) = (y,2);
3) Az, y) = Az, y);
4) (x+y,2) = (z,2) + (y, 2)-
If (,-) : Kx K — L%Q) is an LY(Q)-valued inner product, then ||z| =
V/(#, ) defines an L°(Q2)-valued norm on K. The pair (K, (-,-)) is called a

Hilbert—Kaplansky module over L°(Q), if (I, || - ||) is a Banach — Kantorovich
space over L°(Q) (see [6, Chapter III]).

Let X be a Banach space. A map s : 2 — X is said to be simple, if s(w) =
n —_—
> xa,(w)eg, where A, € 8, A4,NA; =0,i#j, coe X, k=1nneN A
k=1
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map u : 2 — X is said to be measurable, if for every A € > with u(A) < oo
there is a sequence (s,,) of simple maps such that ||s,(w) —u(w)||x — 0 almost
everywhere on A.

Let £(Q,X) be the set of all measurable maps from 2 into X, and let
LP(£2, X) denote the space of all equivalence classes with respect to the equal-
ity almost everywhere. Denote by 4 the equivalence class from L°(£2, X') which
contains the measurable map u € £(2, X). Further we shall identify the el-
ement u € L(, X) and the class 4. Note that the function w — |Ju(w)||x
is measurable for any u € L£(Q,X). The equivalence class containing the
function ||u(w)|| is denoted by ||@|. For @,0 € L%, X),A € L°(Q) put
i+ 0 = u(w) + v(w), M = Mw)u(w).

It is known [6, Chapter I1I] that (L°(€2, X), || -||) is a Banach — Kantorovich
space over L°(Q).

If H is a Hilbert space, then L°(Q, H) can be equipped with an L°(€)-
valued inner product (z,y) = (x(wfy\(w))H, where (-, -) i is the inner product

on H, such that (L°(Q, H), (-,-)) becomes a Hilbert - Kaplansky module over
LY(£2). Moreover the space

L®(Q,H) = {z € L°(, H) : (x,2) € L®(Q)}

is a Hilbert — Kaplansky module over L> ().

An operator T : L°(Q, H) — L°(Q, H) is said to be L°(Q)-linear if T'(A 21+
)\2.%‘2) = )\1T(.%'1) + )\QT(;L'Q) for all A, Ao € LO(Q), T1,Ty € LO(Q,H). An
LP(Q)-linear operator T : LO(Q, H) — L%, H) is L°(Q)-bounded if there
exists an element ¢ € L°(Q) such that ||T(z)|| < ¢||z| for any z € LY(Q, H).
For an L°(Q2)-bounded L%(Q)-linear operator T we put ||T| = sup{||T(z)]| :
] <1}

Denote by B(L°(Q, H)) the algebra of all L°(2)-bounded L°(Q)-linear
operators on L°(Q2, H) and denote by B(L>(£), H)) the algebra of all L>(£))-
bounded L*°(€)-linear operators on L>(Q, H).

Let B(H) be the algebra of all bounded linear operators on a Hilbert
space H and let M be a von Neumann algebra in B(H) with the operator
norm || - ||as. Denote by P(M) the lattice of projections in M.

A linear subspace D in H is said to be affiliated with M (denoted as DnM),
if u(D) C D for every unitary u from the commutant

M'={y€ B(H): vy = yx, Vz € M}
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of the von Neumann algebra M.
A linear operator z on H with the domain D(x) is said to be affiliated
with M (denoted as xnM ) if D(x)nM and u(x(§)) = z(u(§)) for all £ € D(z).
A linear subspace D in H is said to be strongly dense in H with respect
to the von Neumann algebra M, if

1) DnM;

2) there exists a sequence of projections {py }22; in P(M) such that p, T 1,
pn(H) C D and p- =1 — p,, is finite in M for all n € N, where 1 is the
identity in M.

A closed linear operator x acting in the Hilbert space H is said to be
measurable with respect to the von Neumann algebra M, if xnM and D(x)
is strongly dense in H. Denote by S(M) the set of all measurable operators
with respect to M.

A closed linear operator x in H is said to be locally measurable with respect
to the von Neumann algebra M, if znM and there exists a sequence {z,}22
of central projections in M such that z, T 1 and z,z € S(M) for all n € N.

It is well-known [7] that the set LS (M) of all locally measurable operators
with respect to M is a unital *-algebra when equipped with the algebraic
operations of strong addition and multiplication and taking the adjoint of an
operator.

Note that if M is a finite von Neumann algebra then S(M) = LS(M).

Let M be a von Neumann algebra with a faithful normal finite trace 7.
Consider the topology t; of convergence in measure or measure topology on
S(M), which is defined by the following neighborhoods of zero:

V(e,0) ={x e S(M):3ec P(M),r(et) <6,xe € M,|ze||y < e},

where €, are positive numbers.

It is well-known that S(M) equipped with the measure topology is a com-
plete metrizable topological *-algebra.

Recall that a von Neumann algebra M is of type I if it is isomorphic to a
von Neumann algebra with an abelian commutant, or, equivalently M admits
a faithful abelian projection.

If a von Neumann algebra M with the center L°°(2) is homogeneous of
type I, where «v is a cardinal number, then M is *-isomorphic to the algebra
B(L*(9, H)), where dim H = «, while the algebra LS(M) is *-isomorphic to
B(L°(Q, H)) (see for details [1]).
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It should be noted that if dimH = n,n € N, then L%(Q, H) is an n-
homogeneous module over L°(2) and thus it is isomorphic to []i, L%(Q),
therefore the algebra B(L°(2, H)) of L°()-linear operators on LY(, H) is
isomorphic to the algebra M, (L°(2)) of all n x n matrices over L°(€2).

Thus if M is a von Neumann algebra of type I,, n € N, with the center
L>(Q), then LS(M) = S(M) is sisomorphic to the algebra M, (L°(Q)). If
moreover M admits a faithful normal finite trace then one can obtain the
following direct proof of the mentioned isomorphism.

ProproSITION 2.1. Let M be a von Neumann algebra of type I,,, n € N,
with a faithful normal finite trace T and let Z(S(M)) denote the center of the
algebra S(M). Then S(M) = M,(Z(S(M))).

Proof. Let {e;; : i,j € 1,n} be matrix units in M,(Z). Consider the *-
subalgebra in S(M) generated by the set

Z(S(M)) Ufey 3,5 € Tn}.

This *-subalgebra consists of elements of the form

D Nijeij, Aig € Z(S(M)), i, j =T,n

1,j=1

and it is *-isomorphic with M, (Z(S(M))) C S(M). Since 7 is finite and M is
t;-dense in S(M), it is sufficient to show that the subalgebra M, (Z(S(M)))
is closed in S(M) with respect to the topology t,. The center Z(S(M)) is
tr-closed in S(M) and therefore the subalgebra

enZ(S(M))eH = Z(S(M))en,

is also tr-closed in S(M).

n
Consider a sequence z,, = Y. )\E;n)el-j in M, (Z(S(M))) such that x,, —
ij=1
x € S(M) in the topology t.. Fixing k,l € 1,n we have that ejgx,e; —

e15Te1. Since e1,Tmen = )\,(gln)en one has )\,(Jln)en — e1xxery- The t--closedness

of Z(S(M))ey1 in S(M) implies that

m
A;(d Yern — Apenn
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for an appropriate Ay, € Z(S(M)). Multiplying by ey; from the left side
and by ey; from the right side we obtain that A,&T)ekl — Aper;. There-
n n
fore z;, — > Aijei; and thus © = > \jje;;. This implies that S(M) =
i,j=1 ,j=1

M, (Z(S(M))). The proof is complete. §

Note that the algebra LS (M) has the following remarkable property: given
any family {z;}ic; of mutually orthogonal central projections in M with

\/ z; = 1 and a family of elements {z;};c; in LS(M) there exists a unique
el
element z € LS(M) such that z;oz = z;x; for all ¢ € I. This element is denoted

by x = > ziz; (see [7]).
1€l
The last assertion enables us to obtain the following important property
of the algebra LS(M) in the case of type I von Neumann algebra M, which

follows from Proposition 2.1 and the spectral resolution of operators.

PROPOSITION 2.2. Let M be a type I von Neumann algebra. Then for any
element x € LS(M) there exists a countable family of mutually orthogonal
central projections {zj}reny in M such that \/ z = 1 and zyx € M for all k.

k

It is known [8] that given a type I von Neumann algebra M there exists a
unique (cardinal-indexed) family of central orthogonal projections (gq)aecs in

P(M) with )~ g, = 1 such that g, M is a homogeneous type I, von Neumann
aeJ
algebra. In this case M is a *-isomorphic with the C*-product of the algebras

B(L*® (4, Hy), i.e.
M = P B(L™(Qu, Ha))-
acJ
The direct product

11 2%, Ha)

aed

equipped with the coordinate-wise algebraic operations and inner product

forms a Hilbert - Kaplansky module over L°(2) = T] L°(£,).
acJ
In [1] we have proved that if the von Neumann algebra M is *-isomorphic

with @ B(L%(Qq, Hy)) then the algebra LS(M) is *-isomorphic with
acJ

B(][ L%(Qa: Ha)) = [ [ B(LO(Qa, Ha)),

acd acJ
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B LS(M) = [ B(L* (. Ha)).
aed

Indeed, let ® be a *-isomorphism between M and B( & L*(Qq, Hy)).
acJ
Take x € B( [] L°(Q4, Hy)) and let ||z|| be its L°(Q2)-valued norm. Consider
acJ

a family of mutually orthogonal projections {2y, }nen in L°(Q) with \/ z, = 1
such that z,||z|| € L>(2) for all n € N. Then z,x € M for all n € N and
> 2y ®(zpx) € LS(M). Put
n

U:r— Zznfb(znx)
n

It is clear that U is a well-defined *-homomorphism from B( [] L°(Qq, Ha))
acJ
into LS(M). Since given any element x € LS(M) there exists a sequence of

mutually orthogonal central projections {z,} in M such that z,z € M for all
n € Nand z = ) z,x, this implies that ¥ is a *-isomorphism between LS(M)

and B( ] L°(Qu, Ha)).

acd
It is known [3] that B( ] L°(Q, Ha)) is a C*-algebra over L°(£2) and
acJ
therefore there exists a map || - || : LS(M) — LY%() such that for all z,y €

LS(M),\ € L°(2) one has

|z[] =0, ||z|l = 0 & = = 0;
[[Azl] = [A[f[]];
2+ yll <[] + [yl
[lzyll < [llllyll;

[lwa™|| = [|2]*.

This map || - || : LS(M) — L°(Q) is called the center-valued norm on LS(M).
The above isomorphism enables us to obtain the following necessary and
sufficient condition for a derivation on the algebra LS(M) to be inner.

THEOREM 2.3. ([1]) Let M be a type I von Neumann algebra with the
center Z. A derivation D on the algebra LS(M) is inner if and only if it is
Z-linear, or equivalently, it is identically zero on Z.
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3. MAIN RESULTS

Let A be an algebra with the center Z and let D : A — A be a derivation.
Given any x € A and a central element z € Z we have

D(zx) = D(z)x + zD(x)

and
D(zz) = D(x)z + zD(2).

Since zx = zz and zD(z) = D(x)z, it follows that D(z)z = xD(z) for any
x € A. This means that D(z) € Z, i.e. D(Z) C Z. Therefore given any
derivation D on the algebra A we can consider it restriction § onto the center
Z

d:2—D(z),z€ Z.

This simple but important property of derivations is crucial in our further
considerations.

Let M be a homogeneous von Neumann algebra of type I,,, n € N, with the
center Z = L*>°(§2). Then M is *-isomorphic with the algebra of M, (L>(2))
of n x n matrices over the algebra L>°(f2), while LS(M) = B(L°(Q, H)) is
isomorphic with the algebra M, (L°(Q)) of all n x n matrices over the algebra
LY(€2), and the center of M, (L°(£2)) can be identified with L°(€2).

In the papers [2], [5] the existence of non zero derivations on L°(2) has
been proven in the case of a non atomic measure space (£2,%,u). Given a
derivation 6 : L%(Q) — L) consider the elementwise derivation Ds on
M, (L°(€)) defined as:

Ds((Nij)ij=1) = (6(Xij))i'j=15 (1)

where (\ij)7;—; € M, (L(Q)).
A straightforward calculation shows that Dg is indeed a derivation on
M, (L°(£2)) and its restriction onto the center of M, (L"(£2)) coincides with .

LEMMA 3.1. Every derivation D on the algebra M, (L°(Q)) admits a unique
decomposition

D = Dq + Ds,

where D, is an inner derivation and Dy is a derivation of the form (1).
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Proof. Given a derivation D on M, (L°(f2)), consider its restriction & onto
its center L°(Q2) and extend it to the whole M, (L°(Q2)) by the form (1) as Dj.
Put Dy = D — D;. Then given any z € Z = L*°(Q2) we have

Di(z) = D(z) — Ds(z) = D(z2) — D(z) =0,

i.e. Dy is identically zero on Z and therefore it is Z-linear. Theorem 2.3
implies that D; is inner, i.e. Dy = D, for an appropriate a € M, (L°(f)).
Therefore D = D, + Ds.

Now suppose that

D = Da1 —|—D51 = Da2 —|—D52.

Then D,, — D,, = Ds, — Ds,. Since D,, — D,, is identically zero on the
center of M,,(L°(Q)), then Ds, — Ds, also is identically zero on the center of
M, (L°(Q)). Thus 6; = d3 and hence D,, = D,,. The proof is complete. N

In order to consider the case of type I, von Neumann algebra we need
some auxiliary results.

LEMMA 3.2. Any derivation & on the algebra L°(§)) commutes with the
mixing operation on L°(Q), i.e.

3O mada) = mab(Aa)

for an arbitrary family (A,) C L°()) and every partition {m,} of the unit
in V.

Proof. Consider a family {\,} in L°(2) and a partition of the unit {m,}
in V c L°(Q). Since 6(7) = 0 for any idempotent 7 € V, we have 6(rq) = 0

for all v and thus 6(ma\) = mod(\) for any A € LO(2). Therefore for each 7y,
from the given partition of the unit we have

7Ta05(z Tata) = 0(Taq Zwa)\a) = 0(TagAan) = Tagd(Aag)-

By taking the sum over all cg we obtain
50> mara) =D Tab(Aa).

The proof is complete. |
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Recall [6] that a subset K C L°(Q) is called cyclic, if Y maua € K for
acJ
each family (uq)acs C K and for any partition of the unit (74 )qes in V.

LEMMA 3.3. Given any non trivial derivation 6§ : LY(Q) — L%(Q) there
exist a sequence { A\, }°°; in L>®(Q2) with |A\,| < 1, n € N, and an idempotent
m €V, m# 0 such that

|0(An)| > nm

for alln € N.

Proof. Suppose that the set {§(A\) : A € L°(Q),|\| < 1} is order bounded
in L°(Q2). Then 6 maps any uniformly convergent sequence in L> () to an (o)-
convergent sequence in LY(£2). The algebra L°°(2) coincides with the uniform
closure of the linear span of idempotents from V. Since § is identically zero
on V it follows that § = 0 on L*°(Q2). Since 0 commutes with the mixing
operation and since every element A € L°(f2) can be represented as A\ =
> TaAa, where {A\o} C L>(Q), and {7, } is a partition of unit in V, we have
(63
§(A) =0 Tada) = D Tad(Aa) = 0, i.e. § =0 on L°(Q). This contradiction

(0%

07

shows that the set {§(\) : A € L%),|\| < 1} is not order bounded in
LY%(9). Further, since § commutes with the mixing operations and the set
{A: X e LY |\ < 1} is cyclic, the set {5(A\) : A € LY(Q),|A| < 1} is also
cyclic. By [4, Proposition 3] there exist a sequence {\,}>2; in L*(Q2) with
|An] < 1 and an idempotent 7 € V, w # 0, such that [6(\,)| > nm, n € N.
The proof is complete. |

Now we are in position to consider derivations on the algebra of locally
measurable operators for type I, von Neumann algebras.

THEOREM 3.4. If M is a homogeneous von Neumann algebra of type I,
a > No,then any derivation on the algebra LS(M) is inner.

Proof. Since M is homogeneous of type I, a > Ng, there exists a sequence
of mutually orthogonal and mutually equivalent abelian projections {p,}>°
in M with the central cover 1 (i.e. faithful projections).

For any bounded sequence A = {\;} in Z define an operator x, by

o0
ZA =) Akpr
k=1
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Then
TAPn = DnTA = A\nPn. (2)

Let D be a derivation on LS(M), and let § be its restriction onto the
center of LS(M), identified with L°((Q).
Take any A € L°(Q2) and n € N. From the identity

D(Apn) = D(A)pn + AD(pn)
multiplying it by p, from both sides we obtain

an()‘pn)pn = an(A)pn + Aan(pn)pn'

Since p,, is a projection, one has that p, D(p,)p, = 0, and since D(\) = §(\) €
LY(9), we have
an()‘pn)pn = 5(/\)pn (3)

Now from the identity
D(ZEApn) = D(Z'A)pn + $AD(pn),

in view of (3) one has similarly

an(Anpn)pn = an(xA)pn + Anpnl)(pn)pru
i.e.
an()\npn)pn = an(mA)pn' (4)
(3) and (4) imply
PnD(zA)pn = 6(An)pn-

Further for the center-valued norm | - || on LS(M) (see Section 2) we have :

[PnD(@)pnll < lpnll [ D(@)[l[[pall = [[D(za)ll
and

Therefore
[D(za)ll = [6(An)]

for any bounded sequence A = {\,,} in Z.
If we suppose that § # 0 then by Lemma 3.3 there exist a bounded sequence
A ={\,} in Z and an idempotent 7 € V, 7 # 0, such that

|0(An)| = nm
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for any n € N. Thus, ||D(za)|| > nm for all n € N, i.e. m = 0—that is a
contradiction. Therefore § = 0, i.e. D is identically zero on the center of
LS(M), and therefore it is Z-linear. By Theorem 2.3 D is inner. The proof
is complete. |1

Now let us consider the general case of type I von Neumann algebras.

Let M be a type I von Neumann algebra and let (¢o)acs C P(M) be the
orthogonal family of central projections with ) . ; g, = 1 such that g, M is
a homogeneous type I, von Neumann algebra, i.e.

M = P B(L®(Qu, Ha)).
acJ
As it was mentioned in Section 2 we have the *-isomorphism
LS(M) = [ B(L*(Qu, Ha)).-
acJ

Now let D be a derivation on the algebra LS(M) and let ¢ be its restriction
onto its center S(Z). Since each g, is a central projection we have that D(q,) =
0, for all a € J. Therefore D(gax) = qoD(z) for all z € LS(M) and « € J.
This implies D maps each g, LS(M) into itself and thus Dy = Dlg, r.5(ar) is a
derivation on g, LS(M). Since ¢,S(Z) = L°(Q,) for each «, and since § maps
each ¢, S(Z) into ¢, S(Z), it follows that § induces a derivation 0, on each
L(Qy).

Put FF = {a € J : a € N}. Let Ds, (a € F) be the derivation on
the matrix algebra g, LS(M) = M, (L°(Q,)) constructed by the formula (1).
From Lemma 3.1 we obtain that

Dy = Dq,, + Ds,, (5)
where aq € ¢ LS(M). By Theorem 3.4 for each o € J \ F' we have
D, = D,,, (6)
where ay € ¢ LS(M), i.e. 6o = 0. For such a we put D5, = 0. Denote
a={aa}acJ- (7)
Now define a derivation Dy on LS(M) by

Ds(z) = (D5, (za)), x = (zq) € LS(M). (8)
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Since D = {Dg}aecs, from (5) and (6) we obtain that
D =D, + Ds,

where a and Dy are defined in (7) and (8) respectively.
Therefore we obtain the following main result of the paper.

THEOREM 3.5. Let M be a type I von Neumann algebra. Every derivation
D on the algebra LS(M) can be decomposed in a unique way as

D = D, + Dy,
where D,, is an inner derivation and Dy is a derivation of the form (8).

In particular if M is an arbitrary type I, von Neumann algebra then in
the above notation we have that F' = () (i.e. o > R for all « € J) and (6)
implies

COROLLARY 3.6. If M is a type I, von Neumann algebra then any deriva-
tion on LS(M) is inner.
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