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METRIC AND ALGEBRAIC PERTURBATIONS OF
FUNCTION ALGEBRAS

by KRZYSZTOF JAROSZ
(Received 27th September 1982)

Let A and B be function algebras. We generalise the Nagasawa theorem by proving
that the Banach-Mazur distance between the underlying Banach spaces of A and B, is
close to one if and only if they are almost isomorphic, that is if and only if there is a
linear map T from A onto B such that ||T~X(Tf - Tg)— fg|| <¢||f|l|lg]|

In this paper we define two kinds of perturbations of the algebraic structure of a
Banach algebra and prove that they coincide for function algebras.

By an e-perturbation (algebraic perturbation) of a Banach algebra (A4,) we mean an
associative multiplication x defined on the Banach space A such that

I xg—roglsellfllel  foral fgina m

The ¢-perturbations were studied by R. V. Kadison, D. Kastler [4] and J. Phillips [6],
and in a more general situation by B. E. Johnson [3] and I. Raeburn and J. L. Taylor
[7]. They investigate whether all multiplications on a Banach algebra (A4, ) near the
given multiplication share any of the properties of the original one. The best possible
situation happens if every sufficiently small perturbation produces a new algebra which
is algebraically isomorphic to the original one. Such an algebra is called rigid or
algebraically stable. Johnson, and Raeburn and Taylor proved that an algebra A is rigid
if the second and the third groups of cohomology of A vanish. Johnson also gave
several examples and counter-examples of rigid Banach algebras, for example he
obtaiwed rigidness of the algebra C(S) of all continuous functions on a compact metric
space S. Using another method R. Rochberg [8] proved this and some other results
concerning e-perturbations. Rochberg investigated perturbations of function algebras,
that is, of the commutative Banach algebras with unit such that ||f?||=||f||* for any
element f of the algebra. Some of his results were generalised in [2].

For function algebras one can define, in a natural way, another type of perturbation.
To this end, let us recall the Nagasawa theorem.

Theorem ([5]). Two function algebras A and B are isometric if and only if they are
algebraically isomorphic.

Accordingly, we shall call a function algebra B an e-metric perturbation of a function
algebra A if and only if the Banach-Mazur distance between the underlying Banach
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spaces of A and B is smaller than 14¢. A function algebra 4 will be called metrically
stable if and only if all sufficiently small metric perturbations of 4 are isomorphic with
A. Let us now fix some terminology. If A and B are Banach algebras and if T is a
homomorphism of the underlying Banach spaces of A into the underlying Banach
spaces of B then we call T a linear homomorphism; if T is also a homomorphism of
algebras then we call it an algebraic homomorphism.

Notice that if T is any linear isomorphism between the underlying Banach spaces of
algebras A and B then T defines another multiplication x on A:

fxg=T YTf-Tg) for f,gin A

Notice also that if x is a commutative ¢-perturbation of the Banach algebra (A, x)
then the Gelfand transformation of the algebra (A4, x) is a linear map from a Banach
space A into a function algebra C(M(A4.)), M(A,) being the maximal ideal space of the
algebra (A, x).

Our main theorem is

Theorem 1. For any function algebra (A, ) the following holds:

(i) if x is an e-algebraic perturbation of A and if <], then the multiplication x is
commutative, the Gelfand transformation ~ of the algebra (A, x) is an isomorphism from A
onto a closed subalgebra B of C(M(A\)) and the Banach-Mazur distance between A and
B is less than (1+¢)/(1—¢);

(ii) if a continuous linear isomorphism T between A and a function algebra B defines an
g-metric perturbation of A, then there exists a linear isomorphism T between A and B such
that ||T||||T~||S1+¢(e) and such that the multiplication on A defined by T is an €(e)-
algebraic perturbation of the original multiplication of A, and &(e)—0 as e—>0. Moreover, if
Te,=ep then T equals T.

This theorem was proved by R. Rochberg ([8], p. 102) in the special case when the
Shilov and the Choquet boundaries of 4 coincide and when every point of the Shilov
boundary of A4 is a G4 set. Before proving this theorem let us formulate, as immediate
consequences, the following theorems, the first of which generalises the Nagasawa
theorem.

Theorem 2. Function algebras A and B are e-almost isometric (this means that there
exists T:A—B:||T||||T~!||S1+¢) if and only if they are ¢-almost algebraically isomorphic
(this means that there exists a linear isomorphism T of A onto B such that |T~*(Tf - Tg)
—fgl|=€||f||lgll for all £, g in A), where & and ¢ tend to zero simultaneously.

Proof. The “only if” part is just Theorem 1 (ii). To get the converse implication
assume

Iy xg—r gl<elsllill for an fgin 4,

where
fxg=T"XTIf-Tg).
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By Theorem 1. (i) there is a continuous algebra isomorphism ~ from (4, x ) onto some
function algebra C. The maps oT~! and To ~! being algebraic isomorphisms
between two function algebras B and C are isometric and hence

ITIT= =" = +ep1 —e).
Notice that we do not assume the continuity of T but we get it from the condition

IT=4Tf Tg)— f gl el fllllgll for e<1.

Theorem 3. A function algebra A is algebraically stable if and only if it is metrically
stable.

Before passing to the proof of Theorem 1 we derive one more theorem which we shall
need later. This theorem is valid for arbitrary Banach algebras not necessarily function
algebras and seems to be interesting in itself. It allows for a significant simplification
when checking whether a new multiplication is an e-perturbation of the original
multiplication of the Banach algebra.

Theorem 4. Let A be a Banach space and let -, x be two multiplications on A with

identity elements e and & Assume that (A,-) is a Banach algebra. There is a function
c:R*>R™* such that limc(e)=0 as e—>0 and if

[ >gll=I1f gl |=ell/Ilell sor alt fg in 4, ©)

then
lle™*x f xg—f-gl|sc@|1]lllell for any fgin A; (3)

where e~ ! is the inverse element of e in the algebra (A, x).

Proof. Replace f in (2) by the element exp(Af) where 4 is a complex number and
exp is the exponential function in the Banach algebra (A,:), and replace g by

g-exp(—Af). We get
| lgl|—llexp 4 x Lexp (= 41)-g[| | < ellell lexp (= |- [lexp Af |

<egllexp CIAIIS1-

This gives
llell C1+2exp (2}2] 1712
> |lexp (1) x [exp(—4f)-&]
=|[e+Af/ 11+ 237221+ .. ) x (g — Afg/11+ 23 2g/21— .. )|
=|lexg—(f xg—ex(fEDH11+(...)3% 21+ .||
EMS— E
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Now let F be any linear functional on the Banach space A of norm equal to one. We
have

[Flexg)— 1IF(f xg—ex (f2))+ A/2UF(..)+.. |
<o exp )+ 1.
This shows that the modulus of the entire function
o(A)=F(exg)— A1 F(f x g—e X (f2))+ A2/2 F(...)— ...
on the unit disc D={AeC:|4| <1} is not greater than ||g||[eexp2||f]|+ L], hence the first

derivative at the point zero of this function has modulus not greater than this constant
too. Because F is an arbitrary functional of norm 1, it follows that

If xg—ex(f-@)|<lgll1 +eexp2|f]] forany fgin A 4)
Fix elements f and g in 4 both of norm 1, and let o= —%loge>0. From (4) we get
If xg—ex(f-)l|=l(ef) x (g/a)~ e x () - (/)|
<a ![eexpa+1]= —4/loge

for 0<e< 1. This shows the existence of a positive number ¢, =¢,(¢) = —4/log ¢ such that
£,(e)>0 as e—»0 and

Ilf xg—ex(f-g)l|<ellf|lllgll for any fgin A. ()
Now let us estimate the norm of the unit & of the algebra (4, x). From (2) we have
| lell =Nl (=] lle x 2]~ lle-]l el
and hence
llEl| < 1/(1—e).
Setting f=g=¢ in (5) we find
le—ex @ ol el e/t -
By (2)
lf xgl|l<(1+e)||f]|llg]] for all fgin A4

which implies that if (1+¢)e,||é]|> <1 then e is an invertible element of (4, x ). Further if

le—xl|=elell* <141+
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then
=l <llell+ X je—0x... x @
n times
sl + §, 0+~
S(-g Y (1—e(1-2)e)
so that

le~l=le x @ &)~* x (&-&)]| S (1 +)(1—&) 31 —&; (1 +£)(1—2) ")~ *
provided &,(1 +¢)(1 —g)~2< 1. Moreover, for each f and g in A we have
lle™ < fxg—1-gf
st +9le If xg—ex(f -2
S+l (1—¢) (L—ey(1+8)(1—2) %) " 2e | 11l el

1+g*(1—g) >
s eyt Il =@l

IA

Corollary. Let (A4,-) be a Banach algebra with identity. Assume that on the underlying
Banach space of A there is defined another multiplication x such that ||f x g||=||f-g|| for
all f, g in A. If both multiplications x and - possess the same identity, then they coincide.

Proof of Theorem 1.

Let us first prove the easy part of Theorem 1. Let x be an e-perturbation of A. For
any f in A we have

If = f=f-flIelf|P?
and hence
a-9|fIP=llf x fll =+ 1"

By induction

2n

A-a*!|If

P fxfxoxflsA+9¥ 7Y f
g_ﬂ_____;
2" times

The above inequalities prove
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Proposition 1. If x is an e-perturbation of a function algebra A then the spectral
radius of any element [ of the algebra (A, x) is contained between (1—¢)||f|| and

(1+£)”f”.

From this proposition and the theorem of Hirschfeld-Zelazko [1] we deduce the
commutativity of x if e<1. Denote by ~ the Gelfand transformation of the algebra
(A4, x). By Proposition 1 it is an isomorphism of the algebra (A4, x) onto a closed
subalgebra B of C(M(A.)) such that

"0l s +ep1—e).

For the proof of the second part of Theorem 1 we need the following lemma.

Lemma. Let T be a continuous linear isomorphism of a function algebra A onto a
function algebra B with ||[T||=1 and ||T~'||S1+e<15. Then there exists a dense subset
Q of the Shilov boundary of A such that for each x in Q there is y in the Shilov boundary
of B such that

|TF )| 2| f ()| =2¢||f|| forall finA. (6)

Proof. Denote by dA4, dB the Shilov boundaries of 4 and B and by Ch 4, Ch B the
Choquet boundaries of these algebras. We will call a net (g,) of the elements of the
function algebra B a peaking net at a point ye Ch B if and only if

gl =g(»)=1 forall «
and
(g,) tends uniformly to zero outside any neighbourhood of y.

We shall denote by Q, the subset of 04 consisting of all points x, admitting a net
(8,) = B peaking at y and a net (x,) =94 converging to x, and such that

|T'gx)|21—¢ forall a.
Since ||T||=1 and because the set 04 is compact it follows that the set Q, is non-void.
Notice now that for any f in A and for a suitable net (5,) of complex numbers of

modulus one we have

limsup[|f +7,T ™ 'gf| 21—+ f(xo),

hence

lim sup||TY + .| 2(1 — &+ |/ (xoD/(1 +2).
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Thus, by definition of (g,) we obtain

IT/ W2 (1 —e+|f(x) DAL +&)— 1 2 f(x0)| —2¢

for any function f in A of norm 1.

So, we have proved that (6) is satisfied for any y in Ch B and any x, in Q,. It remains
to prove that Q=) {Q,:yeCh B} is a dense subset of 4. Suppose that it is not. Then
there exists an open subset ¥V of d4 such that V¥nQ,=0. Fix 0<d<1—2¢ and an
element f, from A such that

||f1||=1 and |f1(x)|<5 for xedA—V.

Take y, e Ch B such that
Ty 2 1/(1+e)>1~¢,

and let (g,)= B be a net peaking at y,. For a suitable net (£,) of complex numbers of
modulus one we have

limsup || Tf, + &.g.]|> 1 —e+1.

Hence

limsup ||f, +&,T 7 'g||>2—¢,

so by the definition of f;, there exists a net (x,) = V such that

limsup [T~ g (x,)|>1—¢. (8)

Because V is a compact subset of 64 we can assume that the net (x,) converges to
xo € ¥, which leads in view of (8) to the conclusion that x,€ ¥V nQ,. But this contradicts
the assumption ¥ nQ, =9 and therefore proves the lemma.

Let us now return to the proof of the second part of Theorem 1. To this end let A
and B be function algebras and let T be a continuous linear isomorphism from A onto
B such that ||T||||T~!]|<1+e¢. Without loss of generality, we can assume that ||T||=1
and |T~![|=1+¢. From the lemma, for any f, g in 4, we have

|Tf - Tgl|= sup |Tf () Tg(y)| 2 sup (£ —2¢]| £ D(|g(x)] — 2¢g]])

=\ fell 42l /Mlell + 4|l

so that
(7S - Tel| - | f2ll = —4e]l 11} lell

for 0<e<d.
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Now put T;=T"*/||T""| and f,=T;'f, g,=T;'g. From the lemma, in the same
manner as above we derive

/el =777 T1 el =[ITify- Tugall =l fugall = — 4l Al |

= —de(1+ || 1] lell

Hence
Il el 2 et + 2l 17 Tl 57
z ~11¢] /]l |ell
for 0<e<d.
We get

| 11f < &l —1/&ll |=12¢[} /]| Il

where f xg=T"Y(Tf - Tg).
Now denote by é, e,, ey the units of the algebras (A4, x), (4,-) and B, respectively.
Notice that Té=eg. From (9) and Theorem 4 we have

llex* x 1 xg—1-gll=|lllell (10)

where e;! is the inverse of the element e, in the algebra (4, x). Let us define an

operator S:A—A by Sf =e; ! x £ From (9) and (10) we see that
ISAI=IA0 =l > A=A <] llea > £ > l| =Ll 1+ [l7-ell—=I1f <]l |
=@+ 129 || < (& + 12001+ 9 1]}
Hence
ISHIS™Y|S1+cy(e) with limey(e)=0 as &—0. (11)
Let T=T-S. By (11), since |T||[|T~!||=1+¢ we have|T||[|[T7!|S1+cy(e) with

lim c,(g) =0 as e—0. Moreover Te,=eg. Hence by following the same argument that was
applied above for T we get

I|fog—fgl|=c@)|f]||le]l for any £, g in A4,

where fog=T"NTf - Ty).

Notice that Theorem 1 does not settle the question whether small algebraic and
metric perturbations of a function algebra produce the same class of algebras in a limit
situation. More precisely, Theorem 1 does not show whether the Banach-Mazur
distance between two function algebras is equal to one if and only if these algebras are
algebraically isomorphic. The answer is negative and can be found in [2].
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