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INVARIANT m-CHARACTERISTICS FOR KOTHE SPACES'

PRB. DJAKOV, T. TERZIOGLU. P. ZAHARIUTA

Abstract. New linear topological invariants for Kothe spaces are constructed.

1 Introduction

The aim of this paper is to present some new results on linear topological invariants for Kothe
spaces. The first non-trivial linear topological invariant in the context of Fréchet spaces was
obtained by Kolmogorov [21] and Pelczynski [29] by constructing so called approximative
dimension. A little later the approximative dimension, together with the diametral dimension,
which was introduced by Bessaga, Pelczynski and Rolewicz [2], become, due to Mityagin
[25], one of the major tools in the theory of nuclear Fréchet spaces.

The later development of the theory of linear topological invariants was mainly inspired
by problems on 1somorphic classification and structure of non-Schwartzian and non-regular
Kothe spaces. Mityagin [26, 27, 28] obtained a new invariant that characterizes isomor-
phisms in the class of (non-Schwartzian) power series spaces and got important results on
quasiequivalence of bases in these spaces. The developement of this approach for general
Kothe spaces (see {30, 31, 32, 33]) brought to the technique of generalized linear topologi-
cal invariants for Kothe spaces. Later Zahariuta [34] suggested a geometrical approach that
makes the construction ot generalized linear topological invariants much easier and, in the
same time, obviously topological invariant. This approach was used in many papers to study
isomorphic classification of different classes of Fréchet spaces (e.g. [19, 15, 16, 13, 18]).

Recently Chalov, Terzioglu and Zahariuta [5], [6] proved the invariance of so called "m-
rectangular characteristics™ for mixed F, DF-spaces and for first type power Kothe spaces,
answering by this positively Question 14 in [1]. Moreover, they showed by examples that
the (m + 1)-rectangle characteristic is stronger than the m-rectangle characteristic. Roughly
speaking, each space that was considered in these papers is determined by two sequences (A;)
and («;) ; for given m-tuple of rectangles (Ay,...,A,,;) in the (A,a)-plane the corresponding
m—rectang]e characteristic is defined as a number of indices ¢ such that (A;,a;) € Ay for any
k=1,..., 1. Analogous m-rectangle characteristics were considered earlier by Chalov and
Zdhdllutd fm‘ families of Hilbert and Banach spaces (see [4, 8, 9, 10] ).

Our aim here 1s to introduce and prove the invariance of an analog of m-rectangular char-
acteristics: m-characteristics for general Kothe spaces. Let us notice that these characteris-
tics are not a generalization of the m-rectangular characteristics considered 1n |[5] and [6].
because, 1f computed for the spaces considered in these papers they give a weaker result:
m-rectangular characteristic with bounds on the parameters of rectangles. However the in-
variants we consider (m-characteristics for Kothe spaces) give a general point of view on
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problems of isomorphic classification.

2 Preliminaries

Recall that a matrix of real numbers («;,),7 € I,p € N, such that 0 < a;, < a; p.; is called
"Kothe matrix”. Each Kothe matrix (a;,). i € I, p € N, determined a sequence space K(a;p) :
this is the space of all sequences x = (x;) of scalars such that |x|, := Y,/ [xi|ai, <o, Vp € N.
Regarded with the topology generated by the system of seminorms {|-|, : p € N} it is a
“réchet space. A sequence Fréchet space X is called Kdthe space if X = K(a;,) for some
K6the matrix (a;), ).

Further for any set B we denote by |B| the number of elements in B if it is finite and the
symbol e 1f B 1s infinite.

Suppose X = K(a;,, i€ l)and Y = K(b,, j € J) are Kothe spaces. An operator 7 : X — Y
is quasi-diagonal if there exist a function ¢ : I — J and scalars r;, 1 € [ such that

TE;‘ — .-‘}E.;p“}: IE !,,
where (e;) and (€;) are the canonical bases in the spaces X and Y.
The next statement is well known (see, for example [35]).

Lemmal /f X and Y are Kithe spaces such that there exist a quasi-diagonal isomorphic
embedding of X into Y, and a quasi-diagonal isomorphic embedding of Y into X, then there
is a quasi-diagonal isomorphism between X and Y .

Let X, (].[,)and Y, (]|.||,) be Fréchet spaces, and let let (x;) and (y;) be, respectively, some
sequences of elements of X and Y. Then:

the sequences (x;) and (y;) are equivalent if
Vp3q.C  |xilp <Cllyillg,

Vp3q,C Willp < Clxilg:

- the sequences (x;) and (y;) are quasi-equivalent if there exist a bijection ¢(i) : N — N
and constants r; > 0 such that the sequences (x;) and (r;ys(;)) are equivalent;

(x;) 1s subordinated to (y;) if there exist a mapping ¢(/) and numbers r; such that the
sequences (x;) and (r;yy(;)) are equivalent;

the sequences (x;) and (y;) are weakly quasi-equivalent if (x;) is subordinated to (y;)
and (y;) is subordinated to (x;).

In general it 1s an open problem whether any two bases 1n a nuclear Fréchet space are
quasi-equivalent. Crone and Robinson [12] and Kondakov [22] proved (see also [14]) that
for any Fréchet space with regular absolute basis the answer 1s positive - any two absolute
bases in such a space are quasi-equivalent. Dragilev [17] showed that the notion of weak
quasi-equivalence 1s useful for attacking the quasi-equivalence problem and proved that any
two bases in a nuclear Fréchet space are weakly quasi-equivalent.
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Generalizing the results of Dragilev [17] for weak quasi-equivalence 1n nuclear spaces
(see also Bessaga [3]) Kondakov and Zahariuta [24], (see also [23]) obtained the following
result.

Proposition 2 /f X is a Kithe space then any absolute basis in a complemented subspace of
X is subordinated to a subsequence of the canonical basis of X.

The following statement is well known (see, for example [20], Theorem 5.1.2).

Hall-Konig theorem. Suppose © : I — J is a multivalued mapping such that for any i € 1
D(i) is a finite subset of J. Then there exists an injective function ¢ : 1 — J satisfying @(i) €
®(i) for any i € 1 if and only if the following condition holds.

vmMcrl (M| < || ]®0)!. (1)

iceM

Trivial examples show that the condition {D(i)| < o Vi is essential. However we have the
following proposition ([ 7], see also [27]).

Proposition 3 If ] is a countable set and © : I — J is a multivalued mapping satisfying (1)
then there exists an injective function ¢ : I — J such that

viel o() e &) = |J @)
O )N (i) £0

Proof. Consider the sets

!

[ ={i: 0 )ND{i) #£0= |O()| <}, J =|]@>).
iel

By Hall-Konig theorem there exists a bijective function @ : ' = J such that (i) € O(i) for
any i € I'. We extend the function ¢ on the set I\f = {iy,i2,...,Ik,...} using that the set
d(i) \f is infinite by the constuction of J . Namely, we choose ¢(i;) € ®(i;)\J , then we

choose @(i) € @(iy) \ (.f U{o(i )}) and so on by induction with respect to k. ]

3 Characteristic 3

Suppose E is a linear space, U and V are absolutely convex sets in £ and Ey 1s the set of all
finite-dimensional subspaces of E that are spanned on elements of V. We set

B(V,U) =sup{dimL: L€ Ey, LNU CV}.

It 1s obvious that
Vcv, UcU=B(\V,U)<B(V,U)

and if T is an injective linear operator defined on E then B(7T(V),T(U)) = B(V,U).
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Let £ be a Kothe space and A be the set of all sequences with positive terms. We set ftor
any a,b € A
aAb = (min(a;,b;)), aV b= (max(a;,b;)).

We set also forany x = (x;) € Eanda € A

xlla = ZL"W‘HH B,={x€E : |xlla <1}.
:‘

[t 1s easy to see that

B,y CB,NBp C2Byyp, Banp = conv(B,UBp).

The following lemma generalizes these relations. For convenience we put hereafter a;, = 0
for p < 0.

Lemmad Let (a;,) be a Kothe matrix such that 2'a;, < a; 41 and U, = {x € K(a;,)
>i\xilaip < 1}. Then for any sequence of positive numbers t = (t,) we have

B. C ﬂrI,Uﬁ, C By. c'fmw(UrPUp) = By,
P
where

f.-f — |
¢ =(c;), ci=sup—, d=(d;), d;i =sup . -, &=1(&), & =inf—
p I.u p In Py

ty P

Proof. It is obvious that B. C "¢,U),. If x € (t,U, then |x|, <1, Vp, so we have

dla = X il sup = Sl o L)) il

P IP

x|y
<:Z P _22‘” —

‘I‘;;

Hence (1,U, C By.

Set W = conv(Jt,U,). Since obviously W C B, we need to prove only that B, C W.
Consider the sets of indeces /' = {i: g =0}and I ={i: g #0}.Set E' =[¢;: i€ l]and
E' = le;: 1€ IH], where the square brackets denote the closed linear span ot the corresponding
vectors; then E = E G E and E C B,.

[t 1s easy to see that W D E'. Indeed, if i € I then for any constant ¢ there exists p; such
that |cla;p,, <1, so ce; € W, thus |¢;] C W. From here it follows immediately that E CW.

Take any x € B, and write it in the form x = X +x wherex € E andx € E .1If p>1

. . i .
then for any i € I there exists p; such that a;, /1, < pg;, thus

> ip, (% < il <1

,'JIH 'f]flf' p
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. bs
Setting o; = ‘ | fori € 1" we have
If:'r' p
_ 1 x;
doy<1l, —x = Yo with vi=—="¢ €1,U,.
.',u p IH 0:! [3’

SO é.x‘” € W tor any p > 1, hence x € W. Now for any € € (0, 1) we have that x, = E(-é—.r;) +

(1 — E).l'” c W.hencexe W.
In order to compute B(, ) we use the following well known lemma (see for example [15]).

Lemma s [fa, b€ A then
B(Ba,Bp) = {i: ai/b; < 1}].

4 Criterion for quasidiagonal embeddings

Here we consider a modification of the criterion for quasidiagonal isomorphism of Kothe
spaces obtained in [7], see also [I1]. This criterion was a starting point for us in order to
define the m-characteristics for Kothe spaces. Since every Kothe space is isomorphic to
some Kothe space K(«;;,) such that
!
2! Uip < Ai,p+1, (2)

we may consider without loss of generality only Kothe spaces which matrices satisfy (2).

Theorem 6 Ler K(a;,) and K(b;,) be Kothe spaces such that the corresponding matrices
satisfy (2). Then the following conditions are equivalent:

(1) there is a quasidiagonal embedding of K(a; ») into K(b in)s

(it) for a subsequence with respect fr} p there exists £ € N such that for any m € N and for

any choice of positive numbers I‘f‘ and s* Sps k=1, 1, such that
;J i: IF" {_: ﬁf}—|—| \‘?{p {3)
m ( ) m ( A
. Uip Uig : bj.p—{ bf gH—F
k=1 p.g P g k=1p.q \ 4 ’r /

Proof. Suppose T : K(a;,) — K(b,) is an isomorphic embedding given by the formula
Te; = riej;, (€N,

where j(i) : N — N is an injection and r;, i € N are positive numbers. Passing, if necessary,
to a subsequence with respect to p we obtain (using that 7 is an isomorphic embedding and
(2) holds) that

Fibiiyp—1 < aip < ribjy pe1 Vie N

Hence for any 1,5} .k = 1,...m. we have (i) with £ = 1.



104 P.B. Djakov, T. Terzioglu, V.P. Zahariuta

Now we show that (/i) = (7). Consider the multivalued mapping

m = |[M| < U(D(s') ,
ieM

1.e. the mapping @ satisties the Hall-Konig condition (1). By Proposition 3 there exists an
injection j(i) : N — N such that j(i) € ®(i) for any i € N. Fix any i; then j(i) € ®(i) means
that there exist 71 and j; such that j(i) € ®(i;) and j; € (i) UD(i;). Therefore we have

D (i) p-3t

Uiy p_2f b p—F Ui p
c:: |+ { J1:P {‘: of

| Vp.,g.
bjliyg+3t ~ @ig+2t T bjigre T dig

Setting

f:-“‘.”

ri o= ﬂ;up i €N,

b Jli),p+ 1.“

we obtain
.-“','bf{ i), p—23¢ ‘:: tip “'-: .F‘fb Ji), p+3¢ Vie N.

Hence the operator 7' : K(a;,) — K(bj,), defined by
Te; = ?";Ej{_;}; 1 € N

1s an 1somorphic quasidiagonal embedding. L]

5 Invariant characteristics

Let X be a Kothe space and A = (a;,) be a Kothe matrix such that X ~ K(A). Consider for
any £ = 0,1,2... and for any pair of m-tuples of sequences of positive numbers s = (si,) and
t = (rjj), k=1,...,m, satisfying (3), the following expression:

m f )

‘L{q‘f 1 . . Qip—i Ui g+t
m (h_‘_f) = U(}" x k= ""T;: ‘
k=1 p.g \ P q

Further we call this expression m-characteristic of the Koéthe space X determined by the
matrix A. We shall prove that for any fixed m the m-characteristics of a Kothe space X define
a linear topological invariant u,,(X), namely isomorphic Kothe spaces have equivalent m-
characteristics in the sense of the following definition.

Definition. Ler X and Y are Kithe spaces.
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We say that X has weaker m-characteristic than Y and write u,, (X ) < u,,(Y) if there exist

Kdthe matrices A and B with X ~ K(A) and Y ~ K(B) such that
) '; 0 B.{
3{ " (H I) {:: iLfH]' ( )

tn (X ) and p, (V') are equivalent (we write 1, (X)) ~ t(Y)) if (X)) < 11, (Y) and
-um(}/) < U (X).

The invariance of m-characteristics means that isomorphic Kothe spaces have equivalent
characteristics. The following statement gives precise conditions for this and even proves a
stronger fact: 1f one Kothe space is isomorphic to a complemented subspace of another Kothe
space then 1t has a weaker m-characteristic.

Theorem 7 Suppose X = K(a;,) and Y = K(b;,). where 2a;, < a; 1 and 2Pb;, < b; 1.
If X can be embedded as a complemented subspace into Y then, passing 1o a subsequence
with respect to p (i.e. reraring the corresponding systems of seminorms in X and Y ), one can
obtain new matrices A = (a;,) and B = (b;,) such that

30="10(m) . 1X0s.0) <P (sr).

Proof. Let 7 : X — Y be an 1somorphic embedding of X into ¥ as a complemented subspace.
Suppose Y = T(X) D Z. Set

r r

Uy, =< x€Klapp) Zl.l,i{i”; <l;, V,=<{xeK(bj;,) Zi.&;“?” j«‘ifl ’

1 '

and put W, = ZNV,. Then, passing to subsequences 5 with respect to p, one can arrange the
relations

V, DT(Up) x W, DV, p=172..... (5)

First we prove the claim for m = 1. From (5) and the elementary properties of the char-
acteristic 3 it follows that
B(()pUp, conv(| Js,Uy)) <

ﬂfﬁ, ') X Wy, conv({ Js,T(Uy) xW,)) <

M -

ﬁ(ﬂfpvﬁ._ conv(_JsqVg+1))-

Using Lemma 4 and LLemma 5 we estimate, respectively, from below the first term and from
above the third term in the above inequalities and obtain

. ('Irf} {I‘;{ i . 'ﬂffi
ﬂ{r: — < 23 = aup—‘r— < inf =
P Ip Sq p Ip g

b;,_ b bi,_ bi..
< }{j:ﬂup Jp—1 Ellli‘*i"'l}l _ ﬂ{,fi jop—1 < .f-i}’"f}|+
{ ) g

| p o Ip Y

This completes the proof in the case m = 1.
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We continue by induction with respect to m. Suppose m > 1 and the statement is true for
/ . . - .. + .
allm <m. Lets*andt*, k=1,.... m be sequences of positive numbers satisfying (3). We

call two pairs of such sequences (s*1,751) and (s*2,7%2) v-equivalent, if

ki k2 ko ki
'rp 5 “';H—U'- 'fp i "",f:r--l—"n.r’ \Tfp
Set
- ™ b b b
. dip ig ( . Ujp—t Jg+i
A=W w s Be=Ny/ <= ¢
P\ /? q P P g

We are to prove that there exists an ¢ such that

i i

A < (U By (6)
k=1

k=1

It is known that [A¢| < |B}|, k = 1,...,m, so if the sets B, k = 1,....m are disjoint then (6)
holds with ¢ = 1. Moreover, if these sets can be separated into two families with disjoint
unions than by the inductive assumption the relation (6) holds with ¢ = ¢(m —1).
Now we consider the case where the family of sets Bi,k = 1,...,m has the following
property (S): the intersection of the unions of any two complementary subfamilies is nonempty.
We shall show by induction with respect to m that there exists an integer v = v(m) and

constants Cy,...,C,, such that every two pairs of sequences among the pairs (Cys®,Cpt"),
k= 1,...,mare v-equivalent. Suppose that the statement is true for all m < m. Consider the
family of sets B{,...,B) _,.1In general this family does not have the property (S), but it can be

devided into subfamilies with property (S) and with disjoint unions; in addition, the union of

every such subfamily has a nonempty intersection with B! . By the inductive assumption there

. . . . g Sy 4
are appropriate muitipliers Cy,k = 1,...,m — 1 such that if one of these subfamilies has m
a = ® B ] e 'F "
members then the pairs of sequences corresponding to this subfamily are v{m )-equivalent.
Put C,, = 1; then the constants Cy,....C,,_; may be chosen so that to obtain the inductive

assumption for m. Indeed, let BJ];] e Bi be one of the subfamilies and v = v(m;). At
|'i'f|
.

e

least one of the sets in this subfamily has a nonempty intersection with B
for Bi—.* If ji € B;'E_] N B, then the following relations hold:

suppose this 1s so

bi o bi ,i1 bi e bi .
i - RIES . = . . —|—1
_flfl' <& ,J’l*‘if ﬂ J1f < J1.4 \?f;‘.?ii{.
K — k| ' U — AL *
Ip Sq p o
Set : J
div.p—1 i .p—1
D; = sup 24 D, = sup -2
ki 1
! II}'J /! |2

then we have
b.;‘HJ_.i < .Dii‘:j] vV p. f.)ﬁk

g
bjrp—i <DAM N p,  Das < by ge1 Vq
From here it follows that
1 D . Dy
M Jn ) bR A
I‘” {_: "’I;;:-J.—] i: D_jb;],;ﬁi i E)jf‘”‘{.} = I)’:r p+4:
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JH
“ptas

k) ] m

Hence the pairs of sequences (s™,#"") and (Da“ Dt*1), where D = Dy /D>, are 4-equivalent.
Now using that the constants Cy, ....,(,,, are determined up to an arbitrary multiplier we
can change them so that to have Cy, = D. Then every one of the pairs

lllll

b -Il, A ﬁ\ rj' H‘J‘
(Cﬁ;ifi‘ l?(’kir I)'-' ({:j\m ' Il Am !)
1s (Vi +4)-equivalent to the pair (s, ™).
Suppose now that the constants Cy,...,(, are chosen as 1t 1s deamibed db{WE. Then
!
for any ky,k» < m the pairs (Cy, s C;\lr‘{l) and (s" r’”) are (4+max{v m), m < m})-

equivalent, and simultaneously, the same is true for (Cy,s" *:Cg;j 2) and (s™ f’”) Hence the

pairs (Cy, sk :Cklf‘a"' ) and (Ckz.a‘h,Ck:rkﬁ) are V-equivalent with v = 8 + 2 max{v(m Vom < m}.

From (5) and the elementary properties of the characteristic § it follows that

conv

< [ | conv

obtain that

ni

U ﬂC,HPUP -

k=1 p

Fh

U m CUFV;} m

— ] J”

I 4
U Al <1< 1:minsup
k.an=1 L £ P
’ :‘
<[4 j:mkinsup J'E?"E"'I <
\ P Kl
where
i
- . Hi;:- ig
Aﬁ;n ﬂ i-’ Cﬂi‘ =~ C”S
Since

in order to prove the claim (1.

have

Fix any k,n < m. Since the pairs of sequences (Cys

we have that

H 1

i

ﬂcnnu U(_"”s

1=

i

i

conv

ad f.{:- = ;H < 1
Ct P

b;rgil

(”5

max in
noq

B, = m< '

IJ.E{

rH

— max inf
il
iy

.

<

n
Ucrr"quﬂ-l

Estimating from below and above by using Lemma 4 and Lemma 3

n

of

".1

bj_l.r;:—m—l

cf”;f

and 2" ip—m

b_,r' g+

k
CMF‘

Uf“‘h = UAM C |J A

H

U BAH

k=1

k

C;(.‘r.‘q

< (}

k=]

m

C UBf

K .Cipt®) and (C,s".C,t") are v-equivalent

k
rq { CH r:‘r-lh \ vq

_'C’

1
I"rf}i

< d;

ip WE

e. to check (6) ) it is enough to show that for some ¢ = £(m) we
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Hence for any j € By, we have

hj”,u——m— I < ;}j,q—l—v+ l bj,fﬁ-\-‘-+- 1
I — H ko0
Ck ! J2 C" B g+v Ck ‘Tff

|

thus By, C Bj: with £ = max(m -+ 1,v+ 1). The theorem is proved.

Remark 8 [1 is easy to see that the first step in the proof of Theorem 7 (namely, the proof at
the claim for m = 1) provides also a proof of Proposition 2.



Invariant m-Characteristics for Kithe spaces N o 109
L S : . . )

References Y A NS

[1]

2]

3]
(4]

9]

6]

17]

18]

[10]

|HT]

[12]

[13]
[14]

[15]

[16]

A. Aytuna, P.B. Djakov, A.P. Goncharov, T. Terzioglu, V.P. Zahariuta, Some open prob-
lems in the theory of locally convex spaces. Linear Topological Spaces and Complex
Analysis 1, METU - TUBITAK, Ankara, (1994), 147-165.

Cz. Bessaga, A. Pelczynski, S. Rolewicz, On diametral approximative dimension and
linear homogeneity of F-spaces, Bull. Pol. Acad. Sc1. 9 (1961), 677-683.

C. Bessaga, Some remarks on Dragilev’s theorem, Studia Math. 31 (1968), 307-318.

P.A. Chalov, Triples of Hilbert spaces, Manuscript 1387-81 Dep., deposited at VINITI,
(1981), (in Russian).

P.A. Chalov, T. Terzioglu, V.P. Zahariuta, Compound invariants and mixed F, DF power
spaces, preprint.

P.A. Chalov, T. Terzioglu, V.P. Zahariuta, First type power Kithe spaces and ni-
rectangular invariants, preprint.

P.A. Chalov, V.P. Zaharwta, Criterion for quasiequivalence of absolute bases in F-
spaces, lzv. Sev. Kavkaz. Nauch. Centrs Vysh. Skoly, (1981), 22-24, (in Russian)

P.A. Chalov, V.P. Zaharnuta, Invariants and quasiequivalence property for families of
Hilbert spaces, to appear.

P.A. Chalov, V.P. Zahariuta, On linear topological invariants on some class of families
of Hilbert spaces, Manuscript 3862-B 86, deposited at VINITI, (1986), (in Russian).

P.A. Chalov, V.P. Zahariuta, On uniqueness of unconditional basis in families of Banach

spaces, Preprint Series in Pure and Applied Mathematics, Marmara Research Center 26
(1993).

P.A. Chalov, V.P. Zahanuta, On quasi-diagonal isomorphisms of generalized power
spaces, Linear Topological Spaces and Complex Analysis 2, METU - TUBITAK.
Ankara, (1995), 35-44.

L. Crone, W. Robinson. Every nuclear Fréchet space with a regular basis has the quasi-
equivalence property, Studia Math. 52 (1974), 203-207.

J. C. Diaz, On non-primary Fréchet spaces, Studia Math. 126 (1997), 291-307.

P. B. Djakov, A short proof of the theorem on quasi-equivalence of regular bases, Studia
Math. 83 (1975), 269-271.

P. B. Djakov, V. P. Zahariuta, On Dragilev type power Kothe spaces , Studia Math. 120
(1996), 219-234.

P. B. Djakov, M. Yurdakul, V. P. Zahariuta, Isomorphic classification of Cartesian prod-
ucts of power sertes spaces, Michigan Math. J. 43 (1996), 221-229.



| 10)

[17]

[18]

[19]

[20]

[21]

122}

[23]

[24]

[25]

[26]

127]

28]

[29]

150]

[31]

2

P.B. Djakov, T. Terziogli, V.P. Zahariuta

M. M. Dragilev, On regular bases in nuclear spaces, Mat. Sbornik 68 (1965), 153173
(1n Russian).

A. P. Goncharov, M. Kocatepe, Isomorphic classification of the spaces of Whitney func-
tions Michigan Math. J. 44 (1997), 555-577.

A. P. Goncharov, T. Terzioglu, V. P. Zahariuta, On isomorphic classification of tensor
products E..(a) ® E_,, Dissertations Mathematicae, Warszawa, 350 (1966), 1-27.

M. Hall, Combinatorial Theory, Blaisdell Publ. C. , Waltham, Massachusetts-Toronto-
[London, 1967.

A. N. Kolmogorov, On the linear dimension of vector topological spaces, Dokl. Acad.
Nauk USSR 120 (1958), 239-241 (in Russian).

V.P. Kondakov, On quasi-equivalence of regular bases in Kdthe spaces, Mat. Anal. 1
ego prilozheniya 5, Rostov University, Rostov-on-Don (1974), 210-213 (in Russian).

V.P.Kondakov, On structure of unconditional bases in some Kothe spaces, Studia Math.
76 (1983), 137-151 (in Russian).

V.P.Kondakov, V.P.Zahariuta, On weak equivalence of bases in Kéthe spaces, lzvestia
Severo-kavkaz. Nauch. Centra Vyssh. Shkoly , ser. Est. Nauk, 4 (1982), 110-115 (in
Russian).

B. S. Mityagin, Approximative dimension and bases in nuclear spaces, Uspehi Mat,
Nauk 16 (1961), 63-132.

B. S. Mityagin, Sur ['equivalence des bases inconditional dans les echelles de Hilbert,
C. R. Acad. Sci., Paris, 269 (1969), 426-428.

B. S. Mityagin, Equivalence of bases in Hilbert scales, Studia Math. 37 (1970), 111-137
(in Russian).

B. S. Mitvagin, Non-Schwartzian power series spaces, Math. Z. 182 (1983), 303-310.

A. Petczynski, On the approximation of S-spaces by finite-dimensional spaces, Bull.
Acad. Pol. Sci. § (1957), 879-881.

V.P. Zahariuta, Linear topological invariants and isomorphisms of spaces of analytic

functions, Matem. analiz i ego pril. 2, Rostov Univ., Rostov-on-Don (1970), 3—13; ibid.

3(1971), 176180 (1n Russian).

V.P. Zahariuta, On isomorphisms and quasi-equivalence of bases of power Koithe
spaces, Sov. Math. Dokl. 16 (1975), 411-414.

V.P. Zahariuta, On isomorphisms and quasi-equivalence of bases of power Kithe
spaces, Proceedings of 7th winter school in Drogobych, CEMI, Moscow (1976), 101-
126 (in Russian).



Invariant m-Characteristics for Kothe spaces [1]

[33] V.P. Zahariuta, Generalized Mityagin’s invariants and continuum pairwise nonisomor-
phic spaces of analvtic functions, Funk. analiz 1 ego prilozh. 11 (1977), 24-30 (in Rus-
sian).

134] V.P. Zahariuta, Synthetic diameters and linear topological invariants, School on the
theory of operators in function spaces (abstracts of reports), Minsk (1978), 51-52 (in
Russian).

[35] V.P. Zahariuta, Linear topological invariants and their application to isomorphic clas-
sification of generalized power spaces, Turkish J. Math. 20 (1996), 237-289.

P.B. Djakov
Department of Mathematics

Sofia University

1164 Sofia
BULGARIA
E-mail address: djakov@fmi.uni-sofia.bg

T. Terzioglu
Sabanct University
[stanbul

TURKEY
E-mail address: sabanciuniv.edu.tr

V.P. Zahariuta

Department of Mathematics
Rostov State University
Rostov-on-Don

RUSSIA

Marmara Research Center

Gebze, Kocael
TURKEY
E-mail address: zaha@mam.gov.tr



