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ABSTRACT

We solve the problem of the existence of a Schauder basis in non-archimedean Fréchet spaces of
countable type (stated in [3]). Using examples of real nuclear Fréchet spaces without a Schauder
basis (of Bessaga [1], Mitiagin [5] and Vogt [10]) we construct examples of non-archimedean nuclear
Fréchet spaces without a Schauder basis (even without the bounded approximation property).

1. INTRODUCTION

In this paper all linear spaces are over a non-archimedean non-trivially valued
field K which is complete under the metric induced by the valuation
| ] : K — [0,00). For fundamentals of locally convex Hausdorff spaces (lcs)
and normed spaces we refer to [8], [6] and [7]. Schauder bases in locally convex
spaces are studied in [2}, [3], [4] and [9].

Any infinite-dimensional Banach space of countable type is linearly home-
omorphic to the Banach space ¢g of all sequences in K converging to zero (with
the sup-norm) ([7], Theorem 3.16), so it has a Schauder basis. It is also known
that any metrizable Ics of finite type has a Schauder basis ([3], Theorem 3.5). In
[9] we proved that any infinite-dimensional metrizable lcs contains an infinite-
dimensional closed subspace with a Schauder basis.

In this paper we solve the problem stated in [3], whether any Fréchet space of
countable type has a Schauder basis. We show that there exist nuclear Fréchet
spaces without a Schauder basis. First, we construct an infinite family of pair-
wise-nonisomorphic nuclear Fréchet spaces with a strongly finite-dimensional
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Schauder decomposition but without a Schauder basis (see Theorem 3 and
Corollary 5). Next, we give two examples of nuclear Fréchet spaces with a fi-
nite-dimensional Schauder decomposition but without a strongly finite-di-
mensional Schauder decomposition (see Theorem 7 and Corollary 9). Finally,
we present an example of a nuclear Fréchet space with a Schauder decomposi-
tion but without a finite-dimensional Schauder decomposition (even without
the bounded approximation property) (see Theorem 11). Our examples are non-
archimedean modifications of the real nuclear Fréchet spaces without a
Schauder basis constructed by Bessaga [1], Mitiagin [5], and Vogt [10].

2. PRELIMINARIES

The linear span of a subset 4 of a linear space E is denoted by linA.

The linear space of all continuous linear operators from a Ics E to itself will
be denoted by L(E).

A sequence (x,) in a lcs E is a Schauder basis of E if each x € E can be written
uniquely as x = Y 00| apx, with o, € K;n € N, and the coefficient functionals
Jot E = K, x — a,(n € N) are continuous.

A sequence (P,) of continuous linear non-zero projections on a Ics E is a
Schauder decomposition of E if x=3"," | P,x for all x € E and P,P,, =0 for
all n # m. ‘

A Schauder decomposition (P,) of a Ics E is finite-dimensional if dim P,(E) <
oo for n € N, and strongly finite-dimensional if sup, dim P,(E) < co. Clearly,
any les E with a Schauder basis has a strongly finite-dimensional Schauder de-
composition.

A lcs E has the bounded approximation property if there exists a sequence
(A4n) € L(E) with dim 4,(E) < co for n € N such that lim, 4,x = x for all
x € E. Of course any Ics E with a finite-dimensional Schauder decomposition
has the bounded approximation property.

By a seminorm on a linear space E we mean a function p : £ — [0, c0) such
that p(ax) = |a|p(x) foralla € K, x € Eand p(x + y) < max{p(x),p(y)} for all
x,y € E: A seminorm p on E is a norm if Ker p := {x € E : p(x) =0} = {0}.

Two norms p,q on a linear space E are equivalent if there exist positive
numbers a, b such that ap(x) < g(x) < bp(x) for every x € E. Every two norms
on a finite-dimensional linear space are equivalent.

Every n-dimensional Ics is linearly homeomorphic to the Banach space K”.

A lIcs E is of finite type if for each continuous seminorm p on E the quotient
space E/Ker pis finite-dimensional. A metrizable lIcs E is of countable type if it
contains a linearly dense countable set.

A Fréchet space is a metrizable complete Ics.

Any non-decreasing sequence (|| - ||,,) of norms on a linear space E defines a
metrizable locally convex linear topology on E. This metrizable lcs will be de-
noted by (E, (|| - |,)). The sets {x € E : ||x||, <m~'},n,m € N form a base of
neighbourhoods of 0in (E, (|| - ||,,))- A seminorm p on E is continuous iff there
exist m € N and ¢ > 0 such that p(x) < ¢||x||,, for all x € E.
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A subset B of a lcs E is compactoid if for each neighbourhood U of 0 in E
there exists a finite subset A = {ay, . ..,a,} of E such that B C U + co 4, where
cod={3_, aai:a,...,a, €K |a|,...,|as| <1} is the absolutely convex
hull of A.

Let £ and F be locally convex spaces. The linear map 7" : E — F is compact if
there exists a neighbourhood U of 0 in E such that T(U) is compactoid in F.

For any seminorm p on a lcs E the map g : £/Kerp — [0,00),x + Kerp —
p(x)is a norm on E/Kerp.

A lcs E is nuclear if for every continuous seminorm p on E there exists a
continuous seminorm g on E with ¢ > p such that the map

pq : (E/Kerq,q) — (E/Kerp,p), x + Kerq — x + Kerp

is compact. Any nuclear Ics is of countable type ([8], Corollary 4.14).

3. RESULTS

First we construct an infinite family of pairwise-nonisomorphic nuclear Fré-
chet spaces with a strongly finite-dimensional Schauder decomposition but
without a Schauder basis (cf [1], [5]).

Put Ng = {reN:r > 1andrl # 0 in K}, where 1 is the unit element of [£.
Clearly, the set Ny is infinite. Let r € Ny. Let {ey,...,e,} be a basis of the linear
space [K" and let e, ..., e’ be the coefficient functionals of this basis. Put f| =
o1 e fit == el andf* = e | —ef for2 <j<r Itiseasy to see that

i
U +Z(Zf ) and ¢f = (ef =D f*),2<i<r.
i=2 j= j=2
Hence |e; (x)] < |1 max; | £*(x)| forall x e K", 1 <j < r.
Let n € N, Consider a finite sequence (| - | )’+1 of norms on the space K"

X = max({2"V-Dler (x)|} U {2¥]ef(x)] : i #j}) if1<j<r,
S )T max({27 | £ () [ U {20 ()] T > 1)) i j=r 41

Clearly, |x|, ; < |x|, ;,, forallxe K", 1 <j<r

Let g€ K with |3 > 1. Set d =|3]. For a linear operator 7 : K" — K,
z* € (K')" and j<r+1 we put ||T|,; =sup{|Tx|, ;: x € K", |x|, ; <1} and
lz*ll;, = sup{lz*(0)| : x € K", ¥l <1} Then |7x|], <d|T|; |x];, and
|2*(x)] < d|iz*||, ;lx], ; forallx € K',j < r +1.

n]—

We will need the following

Lemma 1. Let (Tx) C L(K"). If max, dim Tx(K") < rand 3 30, Tix=x,x €
K, then max{|[Ty|, ; :k € N,j <r+1} > 2"d~2.

Proof. Let & € N. First we show that
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(9 leiTeer] < max{max fe; Trg, max|f Tl

Let t;; = ej*Tke,- for 1<ij<r. Since dimT;(K") <r, then there exist

ap,...,00 €K and 1< jp <r such that E;=1 a;Tre; =0 and max; |oj| =
lajol > 0. Hence Itjo,jol = , - Zf#jo ajo"ajtj,jol < max;xj, Itj,jo,' This yiclds (*), if
Jo=1

If jo > 1, then we have

[l = [t o + 2 tijo— 2 tin + (QC tin — 2 tiyy)| =
i#jo i#l i i

Jo
oo + 22 tijo— 2. tin + 2 ' T fil €
i%o i1 =2

max{f?j}‘ le Tkey| max £ Ticfil}-

This proves (x).

For 1 <i,j <r,i #jwehave |e; Tye)| < d?|le} |l || Tl ;leil, ; < .

d?27|| T |y 279 =Y = 27| Tl -

For 2 <1 < rweobtain |f;* T fil < a2 fi gy il Tllny o1 lfiles i1 <
d?27 )| (| Tl 442" < 2772 Tl oy

Thus |e Tyey| < 27"d*max{||T¢||, ; : 1 <j < r+1},k € N. Hence we obtain

[o2]
1= Z el*Tkel
k=1

< max|e{ Tiei| < 27d> max{|| Txll; ; : k€N, 1 <j<r+1}

This completes. the proof of Lemma 1. [

Put &, ={(p1,...,.0,) EN:py<pp<---<p} Let 0,:N— ¥, be an in-
finity-to-one surjection (it means that the inverse image of every singleton is
infinite).

Let n e N. Set pp =0 and o,(n) = (p1,...,pr). Consider the following se-
quence (|| - ||, )¢~ of norms on the space X,/ = K":

[Xlojr1 2 <k<pi1, 0<j<r—1,

[l = , )
|Xlp, o1 if &> pr.

Clearly, ||x|[, , < [Ixll, 4 forx € X,k e N.
Let |||x|||; = sup, n*||xa|; ;. for x = (x,) € [[5-, X,k € Nand

X' = {x € Io—o[ X )lIxlllg < oo forallk € N}.
n=1

Clearly, (||| - Illz)x=1 1s 2 non-decreasing sequence of norms on the linear space
X
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We have the following.

Proposition 2. The metrizable lIcs X" = (X", (||| - llf)r=1) is a nuclear Fréchet
space with a strongly finite-dimensional Schauder decomposition.

Proof. First we prove that X" is a Fréchet space. Let (x™) be a Cauchy se-
quence in X" and x™ = (x).°_,,m € N. Then

(%) Vk € NVe > 03IM (e, k) > 0Ym, 1> M(e,k)VneN: r*|x" — x]||r , < e.

Hence, for every n € N, (x")~_, 1s a Cauchy sequence in (X, || - ||, )- Thus
lim,, [|x — x2||” 1 =0 for some x0 € X!. Then lim,, |x™ —x°|l =0 for all
k e N, since dim X < co. By (%) we obtain

W AaaRii A v UUWRa

(#%) Yk €NVe>0Ym>M(e,k)Vn e N : ||x — 0|, < €.

Hence Yk € NYm > M(1,k) : [|Ix°)||f < max{|||x™||I, |[lx™ = x°|||;} < oo, where
%% = (x0). Thus x° € X". By (**), we have lim,, |||x™ — x°|||; = 0 for every

keN, sox™— x"in X".

To prove that X7 is nuclear, it is enough to show that for all k € N, ¢ > 0 there
exists a finite subset 4;(¢) of X" such that B (1) C B{(¢) +co 4j(e), where
B, (1) = {x € X" :||Ixlll{, < 1} and B{(e) = {x € X" : [[lxl||] < e}.

LetkeN,e>0and meNwithm> e ForneNlet {e],...,ef } bea
basis in X} with || 37_; aze] |l 441 = maxicic, || forall oy, ..., 0 € K
Let x = (x;) € B{, (1) and x, = E, 1 o €n;»n €N, Since ||x,,||,”,chl <l

then x, € co{e,,...,e;,.},n € N.Putf/; = (0,...,0,¢;
isonn-thplaceand1 <i<rneN.
Then 4j(e) :={f,; :n<m,i<r} C X" and (x1,...,%m-1,0,0,...) € co 4(e).

0,...) € X", wheree,,

ni’

Since 7*||xall; . < nYlIxlllzL; for me N, then (0,...,0, X Xmi1,--.) € B{(€).
Thus x € B[(¢) + co A[(¢). Hence B] (1) C B,;(e) +coA/(e).
For m € N we put Py, : X" — X", (x,) — (0,...,0,x,,0,...), where x,, is on

m-th place. Clearly, P,,m €N, are continuous 11near projections with
dimP,(X")=r and P,P;=0 for m#/[ Let xe X" and ke N. Since
mF||xaln o < o l1xlllg 41, m €N, then limy 7¥||x,|l, , = 0. Hence Yo7 Ppnx =
x,x € X". Thus X" has a strongly finite-dimensional Schauder decomposi-
tion. [

Now we prove that X" has no Schauder basis.

Theorem 3. For any sequence (Qx) C L(X") such that 3 7., Qxx=x,x€ X",
there exists k € N with dim Qx(X") > r. In particular, the space X" has no
Schauder basis.

Proof. Suppose, by contradiction, that dim O (X") < r for any k € N, Since the
sequence (Qx) is pointwise bounded, then, by the Banach-Steinhaus theorem

([6], Theorem 3.37), the operators Qy,k € N, are equicontinuous. Hence for
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evety continuous seminerm p on X’ the seminorm ¢: X7 — [0, oo), X —
max; p{ 0y x) is continuous on X7, Thus there exist integers py =0 < p; < -+ <
pr<pr and a constant C such that max [l|Qux|lf}, ;) < C|]|x||]pr+l
0<i<r.

Letn € o7 ({(p1,...,p.)}). Let J, : X7 — X" be the natural embedding and
P,: X" — X the natural projection. Then ||M.x|{|; = #*||x|, , for x € X,
ke M, and [|Pyx|, o <n*|l|x]l|; for x € X"k € N.Put Ty, = P,OrJ, fork e N,
Then (T3) C £(X[), maxedim Ti(X)) < rand 37, Tkx=xforallx € X
For0<i<rx¢€ X] wehave

mf«x ” Tkx]|;,pi4 1 Zm‘?x"PanJrrx”;,p, 1S maxntp‘-lmgk-] x“ip =
"*""_lCIHJnXH ;m = Cnp.‘ﬂ—p.'_I”x”n‘PH] < Cn-”f““x“" -
Since |x{l, 5, +1 = %l 5, = %l 1 fOr x € X, 0 <7 < r, then

max|Tkx]w < Cnfrellxly forallx € X, 1 <j<r+1

Hence max{|| 7¢l|, ; k eN,1 €£j<r+1} £ Cn?+' Using Lemma 1 we obtain
Cnprit > 2'd2, Thus 271 < Cd? for every m in the infinite set
o' ({{p1,-.-,p.)}). Since lim, 2"n~?r+1 = o0, we get a contradiction. ]

Corollary 4. Let Y be a Fréchet space. For any sequence (Qr) C L(X' x Y)such
thaty o | Qxz=z,2€ X" x Y, there existsk e Nwithdim Qu(X" x ¥) > r.
In particular, the Fréchet space X" x Y has no Schauder basis.

Proof. Let P: X" xY—= X" (x,))—=x, and §: X = X"x ¥,x— (x,0).
Put Q0 = POS for k € N. Then (Q9) C L{X"), S0, Ox=xforall xe X"
and dim Q2(X") < dim @« (X* x Y),k € N. Using Theorem 3, we get the cor-
olltary. [l

By Theorem 3 and the proof of Proposition 2 we obtain

Corollary 5. The spaces X', r € Ny, are pairwise-nonisomorphic.

Now we construct a nuclear Fréchet space with a finite-dimensional Schauder
decomposition but without a strongly finite-dimensional Schauder decom-
position (cf [3]).

Put ¥y = | [{&, : r € Ng}. Let g9 : N — ¥, be an infinity-to-one surjection.
Let # € N. Set og(n) = (p1,-..,Prn) and pg = 0 Conmder the following se-

quence (|] - ”;l',?)f | of norms on the space X, = K'®

rin)

) fx'n,+l ifpj<kspj+170 Ser(ﬂ)—].,
”x“nk -

Wit e1 1 &> prin.
Clearly [|x|I[? < [|x|}%, , forall x € X, k e .
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Let ||[x]|[ = sup, n¥ ||| for x = (xx) € [, X+, k € Nand

o
X' = {x e T X/™ :|||x||I$ < oo for all k€ N}.
n=1

Clearly, (||} - |||,2) is a non-decreasing sequence of norms on the linear space X°.
The proof of Proposition 2 with obvious changes gives the following.

Proposition 6. The metrizable les X° = (X°, (||| - ||[%)) is @ nuclear Fréchet space
with a finite-dimensional Schauder decomposition.

Similarly, the proof of Theorem 3 with slight changes shows the following the-
orem.

Theorem 7. For any sequence (Qr) C £ (X°) such that ¥ 5% | Orx = x,x € X°,
we have sup; dim Qx(X°) = oc. In particular, the space X ° has no strongly finite-
dimensional Schauder decomposition.

Corollary 8. Let Y be a Fréchet space. For any sequence (Qr) C L(X° x Y) such
that 3 5>, Okz =2,z € X9 x Y, we have sup, dim Qi (X° x Y) = co. In partic-
ular, the Fréchet space X° x Y has no strongly finite-dimensional Schauder de-
compaosition.

Using Proposition 2 and Corollary 4 we obtain the following.

Corollary 9. The Cartesian product [],.n, X" is a nuclear Fréchet space with a
[finite-dimensional Schauder decomposition but without a strongly finite-dimen-
sional Schauder decomposition. This space has no continuous norm, so it is not
isomorphic to X °.

Finally, we construct a nuclear Fréchet space with a Schauder decomposition
but without the bounded approximation property, in particular, without a fi-
nite-dimensional Schauder decomposition (cf [10]).

Let a € Kwith 0 < |a| < 1. For k € Nand x = (x,,p,4) € KN*N*N we put

[lxllx =

max (U ({|%n,p,glk" 279 : g <k} U {|&PXnpg — Xns+1,pqk" TP T q > k}))
np

and let
X = {x e KN*NXN |||, < oo for all k € N}.

Note that (]| - ||) is a non-decreasing sequence of norms on the linear space X.
Indeed, if x€ X,k e N and |jx||, =0, then x,,,=0if g<k and x,,,=
x1 5 4@”® =V if ¢ > k. Fix p,q € N and take / € N with 7 > max{|a| ™, ¢}. Then
|%1,p,q| max,(|aP|[)'17+49 < ||x||; < co. Hence X1, 4, =0, 50 x = 0.

Since
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max,, p [P Xn px+1 — "7n+l,p,k+1|kn+p+,k+1 <maxy p [Xn pk+1](k + 1)n+p+k+1,
then ||x||, < |[x|lz;, forallx € X, ke N.

We have the following

Proposition 10. The metrizable lcs X = (X, (|| - ||,)) is a nuclear Fréchet space
with a Schauder decomposition.

Proof. First we prove that X is a Fréchet space. Let (x™) be a Cauchy sequence
in X and x™ = (7, ) )upgen:™ € N. Then

Vk € NVe > 03M (e, k) > 0Vm, I > M(e,k) : ||x™ — x'||, < e
Fix n,p,q € Nand k£ > ¢g. Then

Ve > 0Vm, 1 > M(e,k) : Xppgl S =Xl <,

%, *mpq

so (x, q),°,,°  is a Cauchy sequence in (I, | - |). Thus limy, |x;", , — X, , | =0
for some x? , € K. Putx’ = (x? ). Letk € N. Then
Ve >0Ym, I > M(e,k)Vn,p e NVg <k : |x),  —x, , k" 7+ <
Hence Ve > 0Ym > M(e,k)Vn,p e NVg < k : |x;, . — np’ ST < e
Similarly, we obtain that Ve > 0Vm > M (e, k)Vn,p € NVg > k :
0P (5 g = %0 pg) = (04 1pg — Xng1,p )K" S €

Hence Ve > 0Ym > M(e,k) : ||x™ — x%||, < e. Since ||x™||, < oo, then ||x°||, <
oco. Thus x° € X, and lim,, ||x™ — x%||, = O for all k € N.

To prove that X is nuclear we show that for all £ € N e > 0 there exists a
finite subset Af of X such that B! , C Bf+codf where Bl =
{x€ X :|ixllp;y <1}and Bf = {x € X : x|, <€}

Let k € N, ¢ > 0. Choose m € N with [k(k + 1)7!]" < e. Put £ = [k(k + 1)7"].

Let {e,,4:n,p,q €N} be the canonical ‘basis’ in X. Let xe€ B}, .
For (p,q) € N? we put x(P9 = " | x, , e , ,; clearly x(9) € Bl

Let p,g € Nwithp+ ¢ < m,g <k + 1. Then ||x#9 — 71 x, e, , 4l <

max |x, p, o |[k" 7T =
n>m
max Xy, p,4|(k + 1)" 70 < XD 17 <,
h->m
and max, lxnp ol < maxy [xnp,ql(k + 1)"PH = |IxPO < 1.
Hence x(79) € BE +co{enp o :n < m}.
Letp,q € Nwithp+q<m,q>k+ 1. Put

+1
Vnpg = (0""xy p g — o )pxn+1yp,q) Jupg = Z a* Pex,p,q,n € N.

Since
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m-—1 m-—1 (n—m),
21 Ynp,qSnp.q = 21 €n,p,q(Xn,p,q — € P Xm,p,q);
n= n=

then we obtain ||x(»9 — " y, pafnpalle =

00 m-—1
I Z] Xn,p,q€n,p,q + Xm,p,e0 7" ( El alenp o)l =
n= n=

n+pt+q _
max |afxy p g~ Xnt1,p,glk" TP =
nzm

El>a,§|apxn,p,q ~ Xni1,p,q|l(k+ )PP < ||x(p’q)“k+1tm <e.

Moreover we have max, ||Yn . fu.p.¢llk£1 = X7k < 1.
Hence x{79 € Bf +co{Bygfnpq:n<m} for any B,,€K with

Bp.gfn.pqlli+1 =1, forn < m.

It is easy to check that [|x — 3, . X7, < t™|x{l,, <e Thus x €
B +coA; where A5 = ({enpq:np+q<mg<k+1}U {Bpgfnpq:np+
q <m,q >k+1}). Hence B}, | C Bf + co Af.

For neN we put P,: X —>X,x—3 . _, xP49)_ Clearly, P,neN
are continuous linear projections and P,P, =0 for n#m. Since
1= psgem XPOU < k(k+1)7'"Ixlly,, for any kmeN, then

prgem X790 > xin X, as m— 003 50 x =37 Ppx for any x € X. Of
course P, # 0,7 € N. Thus X has a Schauder decomposition. []

Now we show the following
Theorem 11. The space X has not the bounded approximation property.

Proof. Suppose, by contradiction, that there exists a sequence (A4,) C £ (X)
with dim 4,(X) < oco,n € N, such that 4,x — x for all x € X. By the Banach-
Steinhaus theorem the operators 4,,n € N, are equicontinuous. Thus there
exist k,/ € N with k < /and a constant C > 0 such that

max ||A.x||; < Cl|jx||; andmax || 4xx||, ., < C|\x||; for all x € X.
n n

Since dim A4,(X) < co,n € N, then

V€ NIC, > 0Vx € X : || dnxlly 1 < Calldnx]);.

Let (x™) be a Cauchy sequence in (X, || - ||,) that converges to Oin (X, || - |, ). We
show that it converges to Oin (X, || - [|; . ,)- Let 6§ > 0. Then there exist t,n,s € N
such that ||x” — x*||, < 6 for m > ¢, ||x* — 4,x"||, .1 < 6, and C,||x™|, < & for
m > s. Hence, for m > max{t, s} we have

1™ g1 < max{ |7 =%y 4 15 112" = AnX Nl 4 1 14" = XVl oMl Anx™ e 1 } <
max{||x™ —x[|;, 6, Cl|x"—=x"||;, CCallx™ [l } < 6(C +1).

Thus |x™||,,, — 0,as m — oo.
In order to get a contradiction, we take p € N with /ja|’ < 1 and put
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m
m n,
x" =3 oe,prir1,meN.
n=1 :

For t,m € N with ¢ < m, we obtain

m__ .t =lp+k+1 ma I} pnzlp+k+ll p1+].
lx™ ~ x|, , max _(llaf?) (llaf?)

Thus (x™) is a Cauchy sequence in (X, || - ||,).
Furthermore we have

mi| Dy M n+p+k+1
x “k_maxlﬁnﬁmla X, p, k41 xn+1,p,k+1|k =

|a‘p(m+l)km+p+k+l < kP+k(l|alP)m+1 — 0, as m — 00,

and

lx™|x 4 = max |l (k + 1)"+p+k+1 40, asm—o00. [
1<n<m

Corollary 12. For any Fréchet space Y the space X x Y has not the bounded ap-
proximatidn property.

REFERENCES

1.

Bessaga, C. — Nuclear Fréchet Spaces without Bases I. Variation on a Theme of Djakov and
Mitiagin. Bull. Polish Acad. Sci. Math., 24, 471-473 (1976).

2. De Grande-De Kimpe, N. — On the structure of locally K-convex spaces with a Schauder basis.
Indag. Mathem., 34, 396-406 (1972).

3. De Grande-De Kimpe, N., J. Kgkol, C. Perez-Garcia and W.H. Schikhof — Orthogonal se-
quences in non-archimedean locally convex spaces. Indag. Mathem., N.S., 11, 187-195
(2000).

4. De Grande-De Kimpe, N., J. Kgkol, C. Perez-Garcia and W.H. Schikhof — Orthogonal and
Schauder bases in non-archimedean locally convex spaces. Proceedings of the Sixth In-
ternational Conference on p-adic Functional Analysis, Marcel Dekker, New York (to
appear).

5. Mitiagin, B.S. — Nuclear Fréchet Spaces without Bases II. The Case of Strongly Finite-dimen-
sional Decompositions. Bull. Polish Acad. Sci. Math., 24, 475-480 (1976).

6. Prolla, J.B. — Topics in functional analysis over valued division rings. North-Holland Math,
Studies 77, North-Holland Publ. Co., Amsterdam (1982).

7. Rooij, A.C.M. van — Non-archimedean functional analysis. Marcel Dekker, New York (1978).

8. Schikhof, W.H. — Locally convex spaces over non-spherically complete valued fields. Bull. Soc.
Math. Belgique, 38, 187-224 (1986).

9. Sliwa, W. - Every infinite-dimensional non-archimedean Fréchet space has an orthogonal basic
sequence. Indag. Mathem., N.S,, 11 (3), 463-466 (2000).

10. Vogt, D. - An example of a nuclear Fréchet space without the bounded aproximation property.
Math. Z. 182, 265-267 (1983).

(Recetved August 2000)

616



