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EXCISION IN BANACH SIMPLICIAL AND CYCLIC
COHOMOLOGY

by ZINAIDA A. LYKOVA*®*
(Received 28th October 1996)

We prove that, for every extension of Banach algebras 0 - B — 4 — D — 0 such that B has a left or right
bounded approximate identity, the existence of an associated long exact sequence of Banach simplicial or
cyclic cohomology groups is equivalent to the existence of one for homology groups. It follows from the
continuous version of a result of Wodzicki that associated long exact sequences exist. In particular, they exist
for every extension of C*-algebras.

1991 Mathematics subject classification: 461.80, 19D55, 16EAQ.

1. Introduction

Significant results of A. Connes on non-commutative differential geometry [7] have
led much research interest to the computation of cyclic (co)homology groups in recent
years; see, for example, [22] and [8] for many references and [6], [15], [20], [28] and
[29] for the continuous theory of these groups. A promising approach to the calculation
of cyclic cohomology groups is to break it down by making use of extensions of
Banach algebras; this is a standard device in the study of various properties of Banach
algebras. We say that the extension has the excision property in a particular homology
if there exists an associated long exact sequence of the corresponding homology
groups. Here we establish (Theorem 3.5) that, for every weakly admissible extension of
Banach algebras 0 > B—~ A — D — 0, the existence of an associated long exact
sequence of Banach simplicial cohomology groups is equivalent to the existence of one
for homology groups. Theorem 3.8 shows that the same result is true for cyclic
(co)homology groups when B has a left or right bounded approximate identity. Recall
that the existence of long exact sequences of simplicial and cyclic homology groups
associated with an extension of algebras (as distinct from cohomology and, mainly, in
an algebraic context) has been studied by M. Wodzicki [29], [30]; see also [22] and [4].
Wodzicki remarked that his result could easily be extended to the continuous case
under some hypotheses on the extension (see Remark (3) and Corollary 4 [29] and
Remark 8.5(2) [30]).

From Theorems 3.5, 3.8 and the continuous version of Wodzicki’s result (Theorem
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4.1) for homology groups we deduce the existence of long exact sequences of simplicial
and cyclic cohomology groups for every extension when B has a left or right bounded
approximate identity. In particular, this is true for every extension of C*-algebras. This
gives an effective tool for computing Banach simplicial and cyclic cohomology groups
(see Proposition 4.4). We apply it to some natural classes of Banach algebras.

The excision property in some other kinds of cyclic (co)homology was studied in
[10], [9] and [5].

Finally, I am grateful to M. Wodzicki for suggestions about the continuous
homology of Banach algebras.

2. Definitions and notation

We recall some notation and terminology used in the homological theory of Banach
algebras.

Throughout the paper id denotes the identity operator. We denote the projective
tensor product of Banach spaces by ® (see, for example, [26]). Note that by Z*°QY we
mean Y and by Z*' we mean Z.

Let A be a Banach algebra, not necessarily unital. We will define the Banach version
of the cyclic homology HC,(A) (see, for example, [22], [29] or [20]). We denote by
C.(A), n=0,1,..., the (n+ 1) fold projective tensor power A"V = A& ... &A of A4;
we shall call the elements of this Banach space n-dimensional chains. We let
t,: C,(4) > C,(A), n=0,1,..., denote the operator given by t,(a, ®a, ® ---®a,) =
(-1D)'(a,®a,® x ®a,_,), and we set t, = id. We let CC,(A) denote the quotient space
of C,(A) modulo the closure of the linear span of elements of the form x — t,x where
n=0,1,.... Note that, by Proposition 4 [20], , Im (id.,, —t,) is closed in C,(4) and
so CC,(A4) = C,(A)/Im (id¢, 4 — t,). We also set CCy(4) = Cy(4) = A.

From the chains we form the standard homology complex

0« Co(d) < -+ < C(A) & Cpa(A) < ..., (C-(4))
where the differential 4, is given by the formula
d(a,®a,® - ®a,,) =

i(—l)'(ao ® - -®a4,®---0 an+l) + (_I)H-](am}-lao ® --® an)'

i=0

It is not difficult to verify that these d, induce operators dc, : CC,,,(4) > CC,(4) in
the respective quotient spaces. Thus we obtain a quotient complex CC_.(4) of the
complex C._(A4). The n-dimensional homology of C.(A4), denoted by H,(A), is called the
n-dimensional Banach simplicial homology group of the Banach algebra A. The n-
dimensional homology of CC.(A4), denoted by HC,(A), is called the n-dimensional
Banach cyclic homology group of A.
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We also consider the complex

dr_y dr,

0C CA) L «CEC () «..., (CR(A))

where the differential dr, is given by the formula

dr(@,®a8,®  ®a,)=Y (~1)(2® - ®aa, ® - ®a,,)

i=0

and we set dr_,(a,) = 0. The n-dimensional homology of CR._(A4), denoted by HR,(4),
is called the n-dimensional Banach Bar homology group of A.

Note that, by definition, dc, = d,, so that HCy(A4) = Hy(A4) = A/Im d,.

Obviously H,(A) is just another way of writing the Hochschild homology group
H,(A, A) (see [19; 11.5.5]).

For a Banach A-bimodule X, we will denote the n-dimensional Banach cohomology
group of A with coefficients in X by H"(A4, X) (see, for example, [21] or [19]). Recall
that a Banach A-bimodule M = (M,)", where M, is a Banach A-bimodule, is called
dual. Here E* is the dual Banach space of a Banach space E. A Banach algebra 4 such
that H'(A4, M) = {0} for all dual A-bimodules M is called amenable.

The nth cohomology of the dual complex C~(A)J=°IC~(A)‘, denoted by H"(A), is
called the n-dimensional Banach simplicial cohomology group of the Banach algebra A.
The nth cohomology of the dual complex CC™(A)CC.(A)", denoted by HC'(A), is
called the n-dimensional Banach cyclic cohomology group of A (see [7] or [20]). The nth
cohomology of the dual complex CR~(A)'!§CR~(A)‘, denoted by HR"(A), is called the
n-dimensional Banach Bar cohomology group of the Banach algebra A.

Note that, by definition, HC°(4)="H"(4) coincides with the space A" ={f € 4" :
f(ab) = f(ba) for all a, b € A} of continuous traces on A.

The canonical identification of (n+ 1)—linear functionals on A and n—linear
operators from A4 to A" shows that H"(A) is just another way of writing H"(4, 4*).

The vanishing of HR"(4) for a Banach algebra A implies the existence of the
Connes-Tsygan exact sequence for 4. One can find the conditions for this in Theorems
15 and 16 [20).

The short exact sequence of Banach spaces and continuous linear operators

0—>Y—i>Z—j>W—>0

is called admissible if there exists a continuous operator a: W — Z such that
joa=idy. Recall that admissibility is equivalent to the existence of continuous
operators f:Z—>Y and a:W —>Z such that Boi=idy, joa=idy and
iof+aoj=id,.

The short exact sequence of Banach spaces and continuous linear operators
0— Y—'>‘Z—: W — 0 is called weakly admissible if the dual short sequence
0 W5Z" 57" - 0is admissible.
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Definitions of a (co)chain complex, a morphism of complexes, the homology groups
can be found in any text book on homological algebra, for instance, MacLane [24],
Helemskii [19] (continuous case), Loday [22].

A chain complex K. in the category of [Banach] linear spaces is a sequence of
[Banach] linear spaces and (continuous) linear operators

dn dn+|
' <—Kn (_Kn-H <« Kn+2 « ...

such that d,od,., =0 for every n. The cycles are the elements of Z, =Ker(d,., :
K, — K,_)). The boundaries are the elements of B, =Im(d, : K,,; = K,). The relation
d, ,od, =0 implies B, C Z,. The homology groups are defined by H,(K.) = Z,/B,.

A [continuous] morphism of chain complexes y_:K.— P. in the category of
[Banach] linear spaces is a collection of [continuous] linear operators ¥, : K, — P, such
that the following diagram is commutative for any n

dn-1

K, - K,

‘L l/]n i ‘l,n—l
4,

P - P

n n-1-

Such a morphism obviously induces a map H,(y.) : H,(K.) > H,(P.).

A [continuous] morphism of chain complexes ¢_: K. — P. of [Banach] linear
spaces is a [topological] quasi-isomorphism if H,(y.):H(K.)— H,(P.) is a
[topological] isomorphism for every n.

3. Connections between long exact sequences of homology and cohomology groups

In this section we prove (Theorem 3.5) that a weakly admissible extension of Banach
algebras has the excision property in Banach simplicial cohomology if and only if it
has the same property in Banach simplicial homology. We also give a proof of the same
result for Banach cyclic (co)homology groups under some additional hypotheses on
the extension (Theorem 3.8). For this purpose we need to adapt some algebraic
arguments to the continuous case and check certain properties of the tensor product of
operators. To start with we need the following elementary result from homological
algebra.

Lemma 3.1. Let

[£9%) {ne2

{n~1
g £n+l - AC'M-Z""

“'_)‘Cn-Z'—) ‘cn—-l 'E.)‘Cn

be an exact sequence of linear spaces and linear operators. Suppose that {,_, and (,,,
are isomorphisms. Then L, = {0}.
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Proof. By the assumption that {,_, is an isomorphism, so Im¢{,_, =L, , = Ker {,.
Thus Im ¢, = {0} and, by virtue of the exactness of the sequence, Ker {,,, = Im {, = {0}.
By the assumption that {,,, is an isomorphism, Ker {,,, = {0} = Im (,,,. Therefore, since
Ker {,,, = {0} and Im {,., = {0}, the result follows. O

Proposition 3.2. Let K_ and P_ be chain complexes of Banach spaces and continuous
linear operators. Suppose there is a continuous morphism of chain complexes
V. :K._.— P. such that, for each n, §, is injective and Imy, is closed. Then the
following conditions are equivalent:

(1) Y. is a topological quasi-isomorphism of the chain complexes K. and P_;

(ii) Y~ is a topological quasi-isomorphism of the cochain, dual complexes K~ and P-.

Proof. By the assumption, there is a short exact sequence of complexes

0. 5P .50 50

in the category of Banach spaces and continuous linear operators, where L. is the
chain complex P./Imy._ and ¢, : P, > P,/Imy, is the quotient mapping. Hence, by
[19, Theorem 0.5.7], there exists a long exact sequence

{ns1 Ho~ Hp($~

oo Hop (L) S HK) " H P " B ) S H(K) > ... G

of homology groups, where {, (the connecting morphism), H,(¢.) and H,(y_.) are
continuous linear operators.
We can also consider a short sequence of dual cochain complexes

0> 5r 5K 50

in the category of Banach spaces and continuous linear operators. This sequence is
exact by [21, Section 1] (see also, [19, 0.5.2]). Hence, by [19, Theorem 0.5.7], there
exists a long exact sequence

H (9% H(y~

s B S ) " ) " ey S B ey (32)

of cohomology groups, where &, (the connecting morphism), H"(¢-) and H"(}) are
continuous linear operators.

Recall that a complex £_ is exact if and only if its dual complex £ is exact [21,
Section 1] (see also [19, 0.5.2]). Thus the homology groups H,(£..) vanish if and only if
the cohomology groups H"(L.) vanish. Since the sequences (3.1) and (3.2) are exact,
the result follows from Lemma 3.1 and Theorem 0.5.10 [19]. 0
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The following lemma is widely known.

Lemma 3.3. Let

0>YS>Ziw-o (3.3)

be a weakly admissible sequence of Banach spaces and continuous operators. Then, for
every Banach space X, the sequence

idy @i ~ idy ®j

0> X®Y > X®Z > X®W - 0

is weakly admissible.

Proof. Since the sequence (3.3) is weakly admissible, there are continuous linear
operators o:Y — Z* and f:Z" — W' such that i"oa =idy., Bfoj" =idy. and
xoi*+j o f =id,..

Further we will use the well-known isomorphism (see, for example, [19, Theorem
2.2.17)

B(X,Y") > (X®Y) : ¢ — O,
where @, (x ® y) = [¢(X)](y); x € X,y € Y and
(X®Y) > BX, Y):f — ¢,
where [¢,()]() =f(x®y);xe X,y Y.
We can see that, for f € (X®Y)", we have d)feB(X Y"), ao¢, € B(X,2Z") and
Dy, € (X®Z)'. We define a map y:(X®Y) — (X®Z)" by y(f)= o, for
f e (X®Y) and a map n:(X®Z)" — (X&W)* by n(g) = d’m for g e (X®Z)". It is
easy to see that y and n are continuous linear operators We can check that

(idx ® l)‘ (o] 'y = id(XéY)" n o] (ldx ®])‘ = ld(X@W)‘ and 'yo(ldx ® l). + (ldx ®j)‘ (o] ’7 = ld(xéz)-
The result follows. O

As to the projective tensor product of Banach spaces, the difficulty lies in the well
known fact that the tensor product of two injective operators need not be injective. To
circumvent this difficulty we prove the following lemma.

Lemma 3.4. Let

0>YSZhwoo

be a weakly admissible sequence of Banach spaces and continuous operators. Then, for
every n, the following conditions are satisfied
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(i) the operator
i =i®..®:Y®...0Y > Z®...0Z
is injective and Im(i®") is closed;
(i) Ker j®" = Z¥Qi(Y) + Z¥"IQIYV)RZ + - - - + (Y)RZH** " and so it is the
closure of linear span {z, ® z; ® - - - ® z,- at least one z; belongs to i(Y)).
(iii) the complex

. l-@n R ]bl .
0> Y® > Z" 5 We" > 0

is exact at Y*" and w®";

Proof. (i) We can see that

i® = «, o (idyee-n ®i) oK, 00 (idzgyen-» ® i) o K, o (idyen-n ® i),

where k,: Z2 QY IQZ =~ Z¥QY®" ™ i=1,...,n are given by K,(x, ®%,® - ®

xn)=xn®xl ®'”®xn—l'
Thus

@) = (idyee-n ® Q)" o (k)" o (idzgyee-n ® i) 0--- 0 (K, ;) o (idzew-n i) o(k,) .
By Lemma 3.3, (i°")" is surjective as the composition of surjective operators. Therefore,
by [13, 8.6.15], i®" is injective and Im (i®") is closed in Z®".
(ii)) We can see that

J®"='/’|°¢2°"'°¢n
where Y, =j ® idyen-v, ¥; = idzee-n ® j® idyen-o for 1 <i<nand ¢, = idzen-v ®j. By
Lemma 3.3, we have Ker ; = Im idzee-n ® i ® idyew-r = Z%NQi(Y)® W and, for
F, = Z%Y&i(Y)®Z8", we obtain
W00, oy )F)=Ker ¢,
Thus we have
Ker ¢, = Zé‘""’éi(Y);
Ker (lﬁn—l o !l/n) = 'l’;l(Ker wn—l) =

Ker ¢, + F,_, = Z27"Qi(Y) 4+ Z8"2Qi(Y)RZ;
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Ker (W,0...¢, ,0¢,)=W,0...¥, ,0¢,) ' Kery, =
Ker (y,o0...¢, ,0¢,)+ F =
Z8IRU(Y) + 22 IRIYIRZ + - - + i(Y)SZE .
(iii) It follows from (i) and the fact that the projective tensor product of surjective

operators is also surjective.

Theorem 3.5. Let

0>B>A45D—>0 (3.4)
be a weakly admissible extension of Banach algebras. Then
(I) there exists an associated long exact sequence of Banach simplicial homology
groups

coo > H(B) > H(A) > H, (D) > H,_(B) > --- > H(D) - 0 3.5

if and only if there exists an associated long exact sequence of Banach simplicial
cohomology groups

0— H°(D) > --- — H"'(B) > H'(D) > H'(4) > H'(B) > ...; (3.6)
(I1) there exists an associated long exact sequence of Banach Bar homology groups
.o+ > HR,(B) > HR,(A) > HR,(D) > HR,_((B) > --- > HR«(D) > 0 3.7

if and only if there exists an associated long exact sequence of Banach Bar cohomology
groups

0 - HRYD) = --- = HR"'(B) - HR"(D) - HR"(A) - HR"(B) > ....  (3.8)
Proof. (I) By Lemma 3.4 (iii), for n=0,1,..., the extension (3.4) induces a
complex of Banach spaces and continuous operators

&n+1) jé(nn)
0—-C,B) - C(4) - C(D)—>0

which is exact at C,(D) and C,(B). It is routine to check that the diagram
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0 0 0
t 1 t
0 — GCyB) - GCod) > C) — 0
1 d, 1 dy 1 dy
0o > ¢ % cuw & cw - o
1t d, 1 d, 1 d,
t t t
0 » cB = cm % cwm - o
td, 1d, td,
0 - Cu® B Cu B .0 - o
t t t

is commutative. The same is true for cochains. Thus the extension (3.4) induces a short
exact sequence of chain complexes

0->CA4D)>C(A>C(D)—0
and a short exact sequence of cochain complexes

0>C"D)—=>C(A4)—>C(A4D)—>0
in the category of ABam}ch spaces and continuous operators, wherf CN(AA; D) is the
sub-complex Ker(j®...&j) of C_(A4); C”(4; D) is the complex [Ker(j&...®)J. Hence,
by [19, Chapter O, Section 5.4], there exist a long exact sequence of homology groups

- = M,y (D) > H,(C(4; D)) = H,(A) = H,(D) — ...
and a long exact sequence of cohomology groups
-« => H"Y(C~(A4; D)) > H"(D) > H(A) => H'(C™(4; D)) - ....
By Lemma 3.4 (1),

l-é(n+l) . B@(n+l) — Ker jé(rH-l)

is injective and Im(f""*") is closed. Therefore, by Proposition 3.2, for the two
complexes C.(B) and C.(A4; D) and the continuous morphism {1} of complexes, we
have H,(C.(A; D)) =2 H,(B) for n=0,1,... if and only if H"(C™(4; D)) = H"(B) for
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n=0,1,.... The result follows from the five lemma [24, Lemma 1.3.3].
(II) follows by the same arguments as in the case (I). d

The following lemma is widely known and shows that the class of weakly admissible
extensions is quite large.

Lemma 3.6. Let

0>B5>A45D>0 (3.9)

by an extension of Banach algebras. Suppose that B has a left or right bounded

approximate identity (e,),.n. Then (3.9) is a weakly admissible extension.

Proof. Consider the Fréchet filter F on A, with base {Q;: A€ A}, where Q, =
{ee A:a>A}. Thus

F = {E C A : thereis a 1 € A such that @, C E}.
Let U be an ultrafilter on A which refines F. One can find information on filters in
(3.
Suppose that (e,),., is a right bounded approximate identity. For f € B* we define
gr € A® by

gs(a) = linll,f(i"(ai(e,))) for all a € A.
It is easy to check that g, is a bounded linear functional, the operator
L:B - A":fm—yg
is a bounded linear operator and i* o L = idj.. ]

Now we prove auxiliary results for establishing connections between the excision
property in Banach cyclic homology and cohomology. Let

0—>B—i>A—j>D—>O

be an extension of Banach algebras. Note that (idemn — t,)o0 2" = BV,

(idgses — t,) and (idpserny — t,) 0 2D = jB™D 5 (id g1y — 1,). Thus there is a complex

o~ o~

&nt+1) fé(uﬂ)
0> CC(B) - CC,(A) — CcC(D)—0,

where i#"+) and jé+D are induced by ™" and j#"*" respectively.
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Lemma 3.7. Let

0—>B—i>A—j>D—>0

be an extension of Banach algebras. Suppose B has a left or right bounded approximate
identity (e,),.A- Then, for every n, the complex

—~— —~—

-&(n+|) ;®(n+ 1)

0> CC,(B) "= CC(A)"5" cc(p)— 0,

is exact at CC,(B) and CC,(D); S g injective and Im(t&;‘)) is closed; and
Ker jé&+) = {y + Im (zd ey — t,); where u € Ker j®™*V} and so it is the closure of the
linear span of {a, ® a, ® - - - ® a, + Im (id je+1y — t,) - @t least one a; belongs to i(B)}.

Proof. Since 2™" is surjective and (idpesn — t,) 0 27D = 2"V o (id emn) — 1), the
mapping ]®("+'> CC .(A) > CC,(D) is surjective too.

Suppose that (e,),, is a right bounded approximate identity. Let us check that
(i%+D)* is surjective. For

feCCBY ={f € (BN : flinw seen—tm) = Oh
we define g, € (4%"*")" by

9(@®a ® - ®a,) = lim f(i™(ai(e.) ® - @ ™ (a,i(e.))),

where a, € 4;i=0,...,n and the ultrafilter U is defined as in Lemma 3.6. It is easy
to check that g, is a bounded linear functional, gf'rm(nd oy —tn) = =0 and f = (") g
Thus, by [13, 8.6.15], Bt - CC «{(B) > CC,(A) is mjectlve and its image is closed.

Now let us show that there exists a continuous operator a, C.(A4) = C,(D)* such
that o, o0 (j%"*")" = id. - and «,(CC,(A)") C CC,(D). For g € C(A)", we define
fo € C(D)", by

fd®d ®---®d,)=
a8 ©--- ) - im ) g(es ©--- ® ey D (e © s ©--- D)+
lgrzlz Z 9@ ® - ®a,_, ®aile,)®a,,, ® - ®aie,)®a,, ® - ®a)— -+
0<kren
(=1 lim g(aoi(e,) ® a,i(e,) ® - ® a,i(e.)),

where d, = j(a,) € D;i=0,...,n. It is easy to check that the operator
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% : Ci(A) > C,(D) 1 g— f

is a bounded linear operator, a, o (j%"")" = id¢ - and «,(CC,(A)") c CC,(D)".
Hence we can see that the dual map of

o, : Ker B+ 5 Ker jo0+0 : y s y + Im (id emen) — t,)

is injective and Im g, is closed. Thus, by [13, 8.6.15], o, is_surjective, that is,
Ker jé+) = Im ¢,. It follows from Lemma 3.4 (ii) that the Ker j®+! is the closure of
the linear span of {q,®a, ® --- ®a, + Im (id o=+ — t,) : at least one a; belongs to

i(B)}.

Theorem 3.8. Let

0>B5>A5D—>0

be an extension of Banach algebras. Suppose B has a left or right bounded approximate
identity. Then there exists an associated long exact sequence of Banach cyclic homology
groups

-+ = HC(B) > HC,(A) - HC, (D) — HC,_,(B) = --- — HC(D) — 0 (3.10)

if and only if there exists an associated long exact sequence of Banach cyclic cohomology
groups

0 — HCYD) - --- — HC"'(B) - HC(D) — HC(A) - HC'(B) - ....  (3.11)

Proof. The proof requires only minor modifications of that of Theorem 3.5 in view
of Lemmas 3.6 and 3.7.

4. The existence of long exact sequences of cohomology groups of Banach algebras

As stated above, Wodzicki remarked that his result on the existence of long exact
sequences of cyclic and simplicial homology groups can be extended to the
continuous case. In Corollary 4 [29] he considered extensions of Banach algebras
0—> B—> A5 D— 0 where B has a left or right bounded approximate identity and
stated the existence of long exact sequences associated with the extension under the
explicit hypothesis of the admissibility of the extension. Subsequently, he pointed out
that this hypothesis is unnecessary. Here we state his result in a new formulation.

Theorem 4.1. Let

0>B5>A5D—0

https://doi.org/10.1017/50013091500019751 Published online by Cambridge University Press


https://doi.org/10.1017/S0013091500019751

EXCISION IN BANACH SIMPLICIAL AND CYCLIC COHOMOLOGY 423

be an extension of Banach algebras. Suppose B has a left or right bounded approximate
identity. Then there exist associated long exact sequences of Banach simplicial homology
groups (3.5), of Banach cyclic homology groups (3.10) and of Banach Bar homology
groups (3.7), and so HR,(A) = HR (D) for all n > 0.

Proof. Let us introduce the following notation. Let n=(n,,...,n,;) be an
(I+ )-tuple of integers such that n;,m, >0 and the others are >0 and let
k =(k,,..., k) be an I-tuple of integers such that k; > 0 and the others are > 0. Put

In| :=n, +---+ n,, and I(n) := 1. In view of Lemmas 3.3, 3.4, 3.6 and 3.7, we can see
that, up to algebraic isomorphism,

C.(A) = &P D®*" @B & ... QD%
n,k:|n]+kl=m+1,U(n)>1,1(k)=l(n)-1

Ker jé(m+l) — @ Dénl ®Bék, ® L ®D®"’“

n,k:ky >0,lnl+|k|=m+1,l(n)=1, {k)=1(n)—1

and Ker j&m+) = {u + Im (id e — t,,); Where u € Ker 2™V}, Thus the proof is the
same as in the algebraic case in Theorem 3.1 [30] and Theorem 3 [29] with filtrations in
which algebraic tensor products are replaced by the projective tensor products. O

Theorem 4.2. Let

0>B>A>D>0

be an extension of Banach algebras. Suppose B has a left or right bounded approximate
identity. Then there exist associated long exact sequences of Banach simplicial
cohomology groups (3.6), of Banach cyclic cohomology groups (3.11) and of Banach
Bar cohomology groups (3.8), and so HR"(D) = HR"(A) for all n > 0.

Proof. The existence of the long exact sequences follows from Theorems 4.1, 3.5
and 3.8 and Lemma 3.6.

By Theorem 16 [20], HR"(D) = {0} for every Banach algebra 4 with left or right
bounded approximate identity and for all n > 0. Hence the final statement follows. []

Since C’-algebras have bounded approximate identities, Theorem 4.2 applies
whenever B is a C*-algebra. By virtue of the main result of [12], the Banach algebra
K(E) of compact operators on a Banach space E with the bounded compact
approximation property has a bounded left approximate identity. For more examples
of Banach algebras with a left or right bounded approximate identity see, for example
[26, Section 5.1].

Remark 4.3. Let us consider the extension of Banach algebras 0 — B 5 A —i> D—0,
when B has a left or right bounded approximate identity. The existence of the Connes-
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Tsygan sequence for one of Banach algebras A4 or D implies the existence of the same exact
sequence for the other. This follows from Theorems 15, 16 [20] and Theorem 4.2.

Proposition 4.4. Let

0—>B—i>A—j>D—>0

be an extension of Banach algebras. Then
(i) if B is an amenable Banach algebra, then H"(A) = H"(D) for all n> 2 and there
exist exact sequences

0— D" —» A" — B" — H'(D) > H'(4) > 0
and
0 — HC™(D) — HC™(A) — B — HC™'(D) »> HC™'(4) - 0

for every n > 0;
(ii) if B is a C'-algebra without non-zero bounded traces then

H"(A) = H"(D) and HC'(4) = HC"(D) for all n > 0.

Proof. (i) By assumption B is amenable, and so B has a bounded approximate
identity. Hence, by Theorem 4.2, there exist associated long exact sequences of Banach
simplicial and cyclic cohomology groups (3.6) and (3.11). Recall that, for an amenable
Banach algebra B, H"(B) = {0} for all n > 1 and, by Theorem 25 [20], HC"(B) is equal
to B” for even n and to 0 for odd n. The result follows in view of Lemma 7.1.32 [2].

(i) By Proposition 1.7.3 [11], any C*-algebra has a bounded approximate identity
and so Theorem 4.2 applies. By Theorem 4.1 and Corollary 3.3 [6], for every C’-
algebras without non-zero bounded traces, the Banach simplicial and cyclic
cohomology groups vanish for all n > 0.

Note that some results of this proposition were proved by a different approach in
[23].

Remark 4.5. Let us consider the extension of Banach algebras 0 — B 545D 0,
when B has a left or right bounded approximate identity. Then the condition that D be an
amenable Banach algebra implies, by the same arguments as in Theorem 4.4, the following:
H"(A) = H"(B) for all n > 1 and there exist exact sequences

0—>D"->A">B" >0

and
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0— HchH-l(A) - HCZJI-H(B) - Dlr — chn+2(A) — Hc2n+2(B) — 0

for every n = 0.
As in Theorem 4.4, the condition that D be a C*-algebra without non-zero bounded
traces implies H"(4) = H"(B) and HC"(A) = HC"(B) for all n > 0.

Examples 4.6. Some examples of C"-algebras without non-zero bounded traces
are: (i) The C -algebra K(H) of compact operators on an infinite-dimensional Hilbert
space H; see [1, Theorem 2]. We can also show that C(Q, K(H))" =0, where Q is a
compact space. (ii) Properly infinite von Neumann algebras U. By Proposition 2.2.4
[27] in U there exists a sequence (p,) of mutually orthogonal, equivalent projections
with p,, ~ e. Thus, by Theorem 2.1 [14], each hermitian element of U is the sum of five
commutators. Hence there are no non-zero traces on Y. This class includes the C*-
algebra B(H) of all bounded operators on an infinite-dimensional Hilbert space H; see
also [18] for the statement B(H)" = 0.

Examples 4.7. Each nuclear C’-algebra is amenable [17]. Some examples of
amenable C*-algebras are: (i) GCR C*-algebras; in particular, commutative C"-algebras
and the C*-algebra of compact operators K(H) on a Hilbert space H; (ii) Uniformly
hyperfinite algebras (UHF-algebras) [2S, Remark 6.2.4].

The group algebra L'(G) of Haar integrable functions on an amenable locally
compact group (G) with convolution product is amenable too [21]. For more examples
of amenable Banach algebras see, for example [16).

Examples 4.8. In [16] it is shown that the Banach algebra K(E) of compact
operators on a Banach space E with property (A) which was defined in [16] is
amenable. Property (A) implies that X(E) contains a bounded sequence of projections
of unbounded finite rank, and from this it is easy to show (via embedding of matrix
algebras) that there is no non-zero bounded trace on K(E). Thus we can see from
Theorem 4.4 that, for every extension of Banach algebras

0> K(E)S>AD>D—0,
we have
H"(A) = H"(D) and HC"(A) = HC"(D) for all n > 0.
In particular, for the Banach algebra A = B(E) of all bounded operators on a Banach
space E, H"(B(E)) = H"(B(E)/K(E)) and HC'(B(E)) = HC"(B(E)/K(E)) for all n> 0.
Several classes of Banach spaces have the property (A): /,; 1 < p < 00; C(K), where K

is a compact Hausdorff space; L,(Q, u); 1 < p < oo (for details and more examples see
[21] and [16)).
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