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ABSTRACT. For countable inductive limits of Fréchet spaces ((LEF)-spaces) the
property of being weakly acyclic in the sense of Palamodov (or, equivalently,
having condition (Mp) in the terminology of Retakh) is useful to avoid some im-
portant pathologies and in relation to the problem of well-located subspaces. In
this note we consider if weak acyclicity is enough for a (LF')-space E := ind Fy,
to ensure that its strong dual is canonically homeomorphic to the projective
limit of the strong duals of the spaces Ej,. First we give an elementary proof of
a known result by Vogt and obtain that the answer to this question is positive
if the steps E, are distinguished or weakly sequentially complete. Then we
construct a weakly acyclic (LF)-space for which the answer is negative.

INTRODUCTION

Countable inductive limits of Fréchet spaces ((LF')-spaces) arise in many fields
of functional analysis and its applications; e.g., in distribution theory, linear partial
differential equations, convolution equations, Fourier analysis, complex analysis.
Since their topological structure presents severe pathologies (see [11, 4], [9], [2, 3
and Appendix]) it is interesting to study those conditions which ensure a good
behaviour with respect to some particular problems. Here we are concerned with
deciding whether the property of being weakly acyclic in the sense of Palamodov
(equivalent to the condition (Mp) of Retakh) is enough for a (LF)-space F to
identify (in a canonical way) its strong dual with a projective limit of (DF)-spaces.

Let us fix some notation before going on with the introduction. For a locally
convex space E let E’ denote the topological dual and E* its algebraic dual. Given
a dual pair (E, F), let o(E, F) and S(E, F) denote the corresponding weak and
strong topologies, respectively. The bidual of E is E” := (E', 3(E’, E))’, moreover
we set = (E', B(E', F)) and Ej, := (E',3(E',E")) . The space E is said to
be distinguished if every bounded subset of (E”,o(E", E')) lies in the o(E", E')-
closure of some bounded subset of E. This is equivalent to 8(E’, E) = B(E’, E"); it
is also equivalent with requiring that £} is barrelled ([13, 23.7]). If E is metrizable
then it is distinguished if and only if E& is bornological, cf. [13, 29.4].

A sequence (E,)nen of locally convex spaces is inductive if F,, is continuously
included into E,+1 (n € N); then E := ind F, is its inductive limit whenever
E =,y En and E is endowed with the finest locally convex topology such that
the injections E,, — E are continuous. E is an (LF)-space if the E,,’s are Fréchet.
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(We refer to [2], [19] for more information about inductive limits.) Recall that
E :=ind E, is said to be weakly acyclic if the map

Sk, — @Ena (zn)nEN — (xn - xn—l)nGNa ($0 = 0)

is a weak topological isomorphism onto its range. Weak acyclicity is equivalent to
the property (My) introduced by Retakh in connection with the problem of well-
located subspaces, which applies to the study of surjectivity and normal solvability
of linear operators in duals of (LF)-spaces (in particular of linear partial differential
operators in the space D’'(Q) of distributions on ); see [14], [2, Appendix] and [9]
for details.

An important task on inductive limits, which goes back to Grothendieck, is the
description of the strong dual of F := ind F,, as the projective limit of the duals
of B, (n € N). Indeed, the canonical linear map

j By —proj E;, 5, fr— (f|En)nen

(where the projective limit is formed with respect to the natural restrictions E}, , ; —
E!, g — g|E,) is a continuous and surjective isomorphism, but j does not need to
be open. By a standard duality argument, j is a topological isomorphism if and
only if for every bounded subset B in E there is n € N and a bounded subset A

in E,, such that B C A”. We will call an inductive sequence (E,)nen quasiregular
if it satisfies this (very weak regularity) condition. (It is known that the inductive
sequence (E,, )nen is said to be regular if for every bounded subset B in E there is
n € N such that B is contained and bounded in E,,. Regularity has been thoroughly
studied in the theory of (LF)-spaces, cf. [2], [19].)

Next we give examples and further information about quasiregular (LF’)-spaces:
(i) Every inductive sequence consisting of D F-spaces E,, (n € N), in particular every
(LB)-space, is quasiregular (by Grothendieck [10]). (ii) If an inductive sequence
(En)nen consists of semireflexive spaces F,, and if the inductive limit £ := ind E,
is Hausdorff, then (E,)nen is quasiregular if and only if it is regular. Consequently,
an inductive sequence (E,,)nen consisting of Fréchet Montel spaces with Hausdorff
inductive limit is quasiregular if and only if it is complete (see Wengenroth [20,
Theorem 3.9]). (A very easy example of an incomplete (LF')-space with Fréchet
Montel steps is obtained in the following way: Take X := w := KN (where K €
{R,C}) and let Y be any Fréchet Montel space continuously embedded into X with
proper dense range. Then the inductive sequence ([],.,, X X [[;>, Y )nen consists
of Fréchet Montel spaces and, according to Dierolf [8, Prop.], its inductive limit is
topologically isomorphic to a proper dense linear subspace of X hence incomplete,
metrizable and provided with a weak topology.) (iii) Quasiregular (LF')-spaces of
generalized Moscatelli type of the shape @ X +£>°(Y), where Y, X are Fréchet spaces
with continuous inclusion Y < X, were characterized by Bonet-Dierolf-Fernandez
[6] .

It was demonstrated by Vogt ([19, 5], see also [15] and [3] for related results) that
weakly acyclic (LF')-spaces need not be regular. So it is natural to ask whether they
are quasiregular. This question was somehow considered by Vogt in [18] and [19].
The following theorem is a direct consequence of Vogt’s Lemma 4.1 of [19], Theorem
5.6 of [18] and the fact that all £} ;. are bornological by [13, 29.5]. (Note that this
theorem extends a Grothendieck’s result [12, 3.6, Theorem 2] asserting that a strict
(LF)-space with distinguished steps is distinguished, from where it can be deduced
that the space Dj(Q2) of distributions on (2 is barrelled and bornological. On the
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other hand, we refer the reader to [4] for negative results about the topological
structure of strong duals of strict (LF')-spaces.)

Theorem A (Vogt). Let E = ind FE,, be a weakly acyclic (LF)-space. Then the
natural projective limit proj E!, 52 s bornological, hence the linear bijection

j : E/ﬁ2 I pl”Oj E7/—L7527 f | (f'En)nEN
is a homeomorphism.

Therefore, if the (LF)-space E = ind FE,, is weakly acyclic and we consider the
diagram

Ej, 5 proj B} 52

id | id |

By o proj B
of linear continuous maps, the upper horizontal arrow is a topological isomorphism.
Moreover, if all E,, are distinguished, also the lower horizontal arrow is a topological
isomorphism which means that (E,,)nen is quasiregular. Thus the following result
is an immediate consequence of Theorem A.

Corollary A (Vogt). A weakly acyclic (LF)-space E with distinguished steps is
quasiregqular.

The distinguishedness hypothesis does not appear in the statement of [19, 4.2],
but it is necessary to prove [18, Theorem 5.6] (see the introduction of [18, Chapter
4]). The problem remains open whether weakly acyclic (LF)-spaces are always
quasiregular. In this paper we solve this question in the negative. Indeed we first
give an elementary proof of Corollary A, which even provides additional information
and a new insight into quasiregularity of weakly acyclic (LF)-spaces. Then we
construct a non-quasiregular weakly acyclic (LF')-space.

We start with a technical lemma.

Lemma 1. Let (E,)nen be an inductive sequence of metrizable locally convex spaces
such that E := ind Ey is Hausdorff. For all k,m € N, m >k, let jr : Ex — Epn,
and ji : By — E denote the natural inclusions. Moreover, let n € N be given and
an absolutely convex subset A of E,, such that

o(En,E)NA=0(E,E")N A.
Then
keN, k>n

and there is B C E!!, A C B, such that:
(i) Each v € B is the o(E], El)-limit of a sequence in A;
(ii) The bitranspose jtt : E!! — E" of j, maps

(B,o(E!,E/)NB) topologically onto (ZE, o(E,E'")N ZE).
Proof. Let A " and 4 denote the closure of A4 in

(B o(Ey, Ey)) = (B 0y) and (B, 0(E",E')) =: (E™,0"),

n
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respectively. As (A", 0/* NA") and (4, 0" NA) are Hausdorff completions of the
uniform spaces (4, o(E,, E}) N A) and (A,c(E, E') N A), respectively, the bitrans-
pose

JU By — E”, e (g (g0 n))

induces a uniform equivalence from (A", 0/* NA") onto (4,0"* NA). Let A" :=
{ €A" : j*(¢) € E}. Then, clearly, j** induces a surjective uniform equivalence

G (A" 0N A" — @A, 0(E,E') HZE).
Analogously, for m > n, the bitranspose jf,*;n : E* — E* induces a surjective
uniform equivalencej’m’n (Am, 0  NA™) — (A™ o/ NA™) andj,, ij’n =, Let
z EZE be given. Then there is m € N, m > n such that z € F,,, and hence

o(Em,E.L,) —Em

z=(j,) Hz)€e Am"NE,, CA =A

Consequently, there is a sequence (zx)ken in A which converges to z in the Fréchet
space topology of E,,, hence in (A™,0/% N A™). Because of the properties of
Jm.ns the sequence (z)ren converges to (7,,) '(z) in (A", 0 N A™). This implies
(7,)"1(2) € E", hence because of j, (A™) —A" An ¢ E!.

Putting B := A" finishes the proof of the lemma. O

Next we state and prove our main result about quasiregularity of weakly acyclic
(LF)-spaces.

Theorem 2. Let E =ind E, be a weakly acyclic (LF)-space.
(i) For every separable bounded subset C' of E there exists r € N and a bounded

subset B in E, such that C C FE.

(i1) Let us assume that each E, (or at least infinitely many of the E,’s) sat-
isfies the following condition: For each bounded set B C E!!, whose elements are
o(EV, E!)-limits of sequences in E,, there is a bounded set D in E,, such that B
is contained in the o(E!, E!)-closure of D. Then the inductive sequence (Fy)nen
is quasiregular. In particular, weakly acyclic (LF)-spaces whose steps are distin-
guished or weakly sequentially complete, are quasireqular.

Proof. Since E = ind E,, satisfies condition (Mj) of Retakh (see e.g. Vogt [19,
Theorem 2.11]), we may assume without loss of generality that there exists an
increasing sequence (Up,)nen of absolutely convex 0-nbhds U, in E,, such that for
alln € None has 0(Ey41, £, )NU, = o(E, E')NU,. Now let C' C E be bounded.
As E is in particular barrelled, a standard argument (see [16, 8.1.23]) shows that

C C nUf for a suitable n € N. Applying the lemma to A := nU, C E,+1, we
obtain that there is a subset

Dc{yeE] : ¢istheo(E, , E, )-limit of a sequence in A}

n

such that the bitranspose jif , : E/., — E” of the inclusion jy41 :
Eny1 — E maps (D,0(E],,E] ;)N D) topologically onto (C,o(E,E") N C).
Clearly, D is bounded in EJ .

If C is separable, also D is separable and there is B C FE,41 bounded and

absolutely convex such that D is contained in the o(E], E] . )-closure of B,

whence ¢ ¢ B°® ") £ =B”. This proves (i).
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If the hypothesis in (ii) is satisfied, then there is B C E, 41 bounded and abso-
—o(E!,,,E —E
lutely convex, such that D C B FnFni1) 41d we obtain € ¢ BT, |
The remainder of the note is devoted to show that the hypotheses of Theorem 2
cannot be dropped. We first give a technical result where conditions to construct
a weakly acyclic not quasiregular (LF)-space are settled.

Proposition 3. Assume that there exist Fréchet spaces Y, X with continuous in-
clusion j :' Y — X satisfying the following three conditions:

(i) There is a 0-nbhd. U in'Y such that o(Y,Y')NU =o(X, X')NU.

(ii) The bitranspose j'* : Y" — X" maps Y" into X.

(iii) Y is not distinguished.

Then there exists a weakly acyclic (LF)-space which is not quasiregular.

Proof. For every n € N,

h>n_. .
E, = H X x co((Y)nz>n) == {(zn)nen € H X x H Y: 2,—=—0inY}
h<n h<n h>n

provided with its natural Fréchet space topology is continuously included into E, 1.
The (LF)-space E = ind E,, is weakly acyclic by Miiller-Dierolf-Frerick [15, The-
orem (2)]. We will prove that (E,)nen is not quasiregular. In fact, since Y is
not distinguished, there is a bounded set “B i/n Y" such that for all bounded sub-
sets A in Y, B is not contained in A oY) We will construct a bounded set
C in E for which the quasiregularity property fails. By hypothesis (ii) the set
C = ®penj™(B) is a subset of E.

We first check that C' is bounded in E. Let V be a closed 0-nbhd in E. Then

there is an absolutely convex 0-nbhd W in Y such that WN N¢o(Y) C V. As B is
o(Y",Y")-bounded, there is p > 0 such that B C pWU(Y ") Which implies

G'(Y”,Yl)

. 4t T —X —F
C = ®nenj" (B) C p nen j" (W ) Ciiy P Pren W Cay pBrenW  C pV

where (x) follows from the fact that the direct sum @penX is continuously embed-
ded into E. Now it remains to show that C is not contained in the F-closure of
any bounded set of a step. Assuming the contrary, there is a bounded set A in Y
and n € N such that

B
cc([xxJ[AnE. .
h<n h>n
Looking at the n-th component one obtains that j%(B) c A%, On the other hand,
by (i) and (ii) the bitranspose j* : Y” — X maps g
a(Y",Y") IR topologically onto (T, (X, X")NT ). In particular, j% is
injective. Since A is absorbed by U, we may assume that A C U and obtain that
jtf(Z”(Y Yy = A7) From the above j%(B) C A%, we now deduce that

- Y// Y/
BC AU( ' ), which is a contradiction to the choice of B. O

provided with

Observations 4. 1) The statement of Proposition 3 holds if Y, X are assumed to
be just metrizable locally convex spaces. With the same proof we get a correspond-
ing inductive sequence (F,),en of metrizable locally convex spaces which is again
weakly acyclic (by [15, Theorem (2)]) but not quasiregular. For this (less interest-
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ing) situation suitable entries Y < X are obtained quite easily. According to [4, p.
208], see also [1], there exists a reflexive Fréchet space X containing a dense linear
subspace Y which is not distinguished. In that case the corresponding L M-space
(En)nen (of generalized Moscatelli type) is even strict without being quasiregular.

2) Tt is also easy to present a pair Y — X even of Banach spaces satisfying (i)
and (ii) of the proposition: Take Y := ¢y and X := {(@n)nen : (2Zn)nen € co}-
Then the Moscatelli construction leads to a weakly acyclic but not regular L B-space
(see [15, p. 158]).

3) In order to find Fréchet entries Y < X satisfying (i), (ii), (iii) of Proposition 3,
one must at least find a Fréchet space Y which is nondistinguished to such an extent
that its bidual Y contains a bounded set whose elements are limits of weak Cauchy
sequences in Y and which is not contained in the o(Y”,Y”")-closure of a bounded
set in Y. A Fréchet space with that special property had been constructed by Diaz
[7] . In fact, this space is weak*-sequentially dense in its bidual. An appropriate
use of that construction leads to the following example:

Example 5. (Fréchet spaces Y — X satisfying (i), (ii) and (iii) of Proposition 3.)
We start with some Banach background. The classical quasireflexive James space
J is defined as

k—1 Nj41

J = {(xi)iz1; sup (Y @) <o),

O0=npo<ni<---<ng J=0 i=n;+1
If e; denotes the sequence taking the value 1 in the i-th component and 0 elsewhere
then (e;);>1 is a boundedly complete basis (by basis we mean Schauder basis) of

J. The dual space J' has a basis given by (e});>o where (e]);>1 is the sequence of
biorthogonal coefficient functionals associated to (e;);>1 and e is defined by

eg(i Ti€;) = ixi, Va=(x;) €
i=1 i=1

(This element should be denoted e}, but we prefer to use 0 instead of w in our
context.) Thus J' = splej] @ 5plef; ¢ > 1]. The dual of splef; ¢ > 1] is J;
therefore if ey denotes the element in J” such that eg(ef) = 6o, (¢ > 0), then
" = spleg] ® J and (e;);>0 is a basis of J”. On account of this information if we

consider the continuous linear map

o0

¢:J =Kdly, (x)i>1+— (Z T, (2i)i>1),

i=1
then an easy computation shows that the transpose ¢! and bitranspose ¢! are given
by

G KDl — T, ((ya)) = aeh+ Y ynen,

n=1
¢ I =KDl (n)nz0— (O T, (Tn)nz1):
n=0

in particular ¢ is injective.

We now come to the Fréchet space framework. Denote by I' the set of all real
valued increasing sequences (7(n))nen with (1) > 1. Given the space KI'*N and
k € N, Py denotes the canonical linear projection onto the n > k rows. We also
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denote by Py the projection in J defined by Pr(> 0, mie;) == > o) wie; (x =
(x;) € J)' note that || Pyx|| = 1, k € N. The following space was introduced in [7] :

= {(z'y) (Z'y J) (G>1) € JF'
”z’y ||k_ZZ|Z'yj|7 1/2 Z”sz'y 1/2<OO k € N}.

Observe that the k-th local Banach space Yy, := (Y/|.||;*(0), ||.|[x) is isometric to

where

(T (@) = {(z) €K [[(@)ll = (Y e P7(2)/? < o},
yel
00, 0) = {(2) € I ()] = (3 Il ]13)7? < oo},

yel’
Moreover for every k € N the linking map Iy gy1 : Yi41 — Yi is defined, when
restricted to the k-th row, as the canonical continuous inclusion from (T, v (k))
into (Py — Px—1)(£2(T,J)) and it is the identity on the rest. The space Y =
proj (Yk, Ik,k+1) is not distinguished (see [7]) but every linear form defined on Yy
and bounded on the bounded sets is continuous: In fact, if f is a linear form defined
on Y’ and continuous on Y} (k € N), there is countable subset N C I" such that,
if Yn :={(2y) €Y : 2z, =0if v ¢ N} then f annihilates outside (Yn). Now
(Yn)j; is separable (cf. [7, Theorem 5.(i)]) hence barrelled and bornological ([13
29.3 and 29.4]). Thus f is continuous on (Yn)j; since (Yn)j is complemented in
Yé it follows that f is continuous. This in particular implies that the bidual of Y is
V" = proj(Yy!, If', , ;,). Also observe that I, | , is injective for every k € N whence
the seminorm induced by Y7’ is a norm on Y.

We now construct the space X. First we need the following non-separable Kothe

sequence space of order 2 on a Kéthe matrix A implicitly defined below,

Xa(T x N, A) := {(,,) € KPH;
[[(@y,m) [ :=( Z |x%n|2’y(n) + Z |x%n|2)1/2 < oo, k €N}

v, (n<k) ¥,(n2k)
Then we consider the space X := £2(T") @ Ao(T" x N, A) and define the following
linear inclusion:

Y =X, (29) = (O] Tym)ys (Tyin)y(n1))-

n=1

Let us check that ® is continuous.

k—
[®(z ||k—zzxvn 1/2 (ZZ|9CVJ|7 +ZZ|xVJ| 1/2
j=1

v izk

k—1
<O Ny D2+ OO iU +Z||Pk Y2
el j=1

<|lzlls + Tk |l][x

for some constant T} that only depends on k.
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Condition (ii) of Proposition 3 is obvious and condition (iii) was proved in [7]
as already stated. To show (i) we will check the following two properties:
(i") Let Uy denote the unit ball of ||.||; in Y. If B C U; and ®(B) is bounded in
X then B is bounded in Y.
(i) The bitranspose ®% is injective.

(It is readily checked that (i') + (i) is equivalent to (i) with U = U;.)
Proof of (i'). Take any B C Y with B C Uq, such that ®(B) is bounded, and let

us show that B is bounded in Y. Indeed let My := sup {||®(2)||x; 2z € B} and let
us estimate ||z||x, z = (2,) € B.

k—1
Izl =D O 2y PN + O 1 Pelzy) 1)
j=1 5

<[2@ e+ Q=I5

< Mg+ ||z[h < My + 1.
O

Proof of (i"). From the proof of continuity it follows that ® factorizes through the
k-th local Banach spaces; in particular we have

[ii]

Yy — X

! l

i %X
Bidualizing this diagram we get

v 4’_“> X

l l

vro2s X

Since the first seminorm is a norm on Y” it suffices to show that ¢ is injective.
In this case we have (recall the Banach case)

¢tt : gQ(F, JN) — éQ(F) @€2(F X N),

(337) = (zv,n)w,(nZO) = ((Z zv,n)'yv (x'v,n)%(nzl))v

n=0

which is clearly injective. This finishes the construction of the example. O

ACKNOWLEDGEMENTS

The authors are indebted to J. Bonet for many valuable comments, in particular
he pointed out that a Fréchet space which is weak*-sequentially dense in its bidual
need not be distinguished (as follows from results by Valdivia [17] and Diaz [7]) and
indicated that the spaces introduced in [7] should be good candidates to construct
the counterexample given at the end of this note. This result was obtained during
a stay of the first author at the University of Trier. He gratefully thanks S. Dierolf
and J. Wengenroth for their kind hospitality.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

Sp

ON DUALS OF WEAKLY ACYCLIC (LF)-SPACES 2905

REFERENCES

. L. Amemiya, Some examples of (F') and (DF') spaces,, Proc. Japan Acad. 33 (1957), 169-171.
MR 19:754a

. K.D. Bierstedt, An introduction to locally convex inductive limits, Nice 1986, Singapore-New
Jersey-Hong Kong 1988, pp. 35-133 in Functional Analysis and Applications. MR 90a:46004

. K.D. Bierstedt and J. Bonet, A question of D. Vogt on (LF)-spaces, Arch. Math. 61 (1993),
170-172. MR 94m:46007

. J. Bonet and S. Dierolf, A note on biduals of strict (LF)-spaces, Results in Math. 13 (1988),
23-32. MR 89h:46002

. J. Bonet and S. Dierolf, On distinguished Fréchet spaces, pp. 201-214 in K.D. Bierstedt, J.
Bonet, J. Horvéth and M. Maestre (eds.), Progress in Functional Analysis, Elsevier, Amster-
dam, 1992. MR 92i:46004

. J. Bonet, S. Dierolf and C. Ferndndez, On two classes of LF-spaces. Portugaliae Mathematica
49, 1992, pp. 109-130. MR 93f:46002

. J.C. Diaz, Two problems of Valdivia on distinguished Fréchet spaces, Manuscripta Math.,
vol. 79, 1993, pp. 403-410. MR 94i:46003

. S. Dierolf, On two questions of A. Grothendieck, Bulletin de la Société Royale des Sciences
de Liége 50 (1981), 282-286. MR 83g:46005

. K. Floret, Some aspects of the theory of locally convex inductive limits, pp. 205-237 in Func-

tional Analysis: Surveys and Recent Results II, North-Holland Math. Studies 38, 1980. MR

81j:46009

A. Grothendieck, Sur les espaces (F') et (DF), Summa Brasil Math. 3 (1954), 57-123. MR

17:765b

A. Grothendieck, Topological Vector Spaces, Gordon and Breach, New York, 1972. MR

51:8772

J. Horvath, Topological Vector Spaces and Distributions, I,, Addison-Wesley, Reading, Mass,

1966. MR 34:4863

G. Kothe, Topological Vector Spaces, I, Springer-Verlag, Berlin-Heidelberg-New York, 1969.

MR 40:1750

R. Mennicken and M. Moéller, Well located subspaces of LF-spaces, pp. 287-298 in Functional

Analysis, Holomorphy and Approximation Theory, North-Holland Math. Studies 71, 1982.

MR 84g:46004

S. Miiller, S. Dierolf and L. Frerick, On acyclic inductive sequences of locally convex spaces,

Proc. Royal Irish Acad. 94A (1994), 153-159. MR 96k:46003

P. Pérez Carreras and J. Bonet, Barreled locally convex spaces, North-Holland Math. Studies

131, 1987. MR 88j:46003

M. Valdivia, Fréchet spaces with mo subspaces isomorphic to £1, Math. Japonica 38 (1993),

397-411. MR 94f:46006

D. Vogt, Lectures on projective spectra of (DF')-spaces, Seminar lectures, AG Funktionalanal-

ysis, Diisseldorf, Wuppertal, 1987.

D. Vogt, Regularity properties of (LF)-spaces, pp. 57-84 in K.D. Bierstedt, J. Bonet, J.

Horvath and M. Maestre (eds.), Progress in Functional Analysis, Elsevier, Amsterdam, 1992.

MR 93b:46012

. J. Wengenroth, Retractive (LF)-spaces, Dissertation, Universitit, Trier, July 1995.

DEPARTAMENTO DE MATEMATICAS, E.T.S.I.A.M., UNIVERSIDAD DE CORDOBA, 14004 CORDOBA,
AIN
E-mail address: maldialj@lucano.uco.es

FBIV-MATHEMATIK, UNIVERSITAT TRIER, D-54286 TRIER, GERMANY



