Lecture Notes in

Mathematics

Edited by A. Dold and B. Eckmann

861

Analytical Methods in
Probability Theory

Proceedings, Oberwolfach, Germany, 1980

Edited by D. Dugué, E. Lukacs, and V. K. Rohatgi

o

Springer-Verlag
Berlin Heidelberg New York



Lecture Notes in
Mathematics

Edited by A. Dold and B. Eckmann

861

Analytical Methods in
Probability Theory

Proceedings of the Conference Held at
Oberwolfach, Germany, June 9-14, 1980

Edited by D. Dugué, E. Lukacs, and V. K. Rohatgi

Springer-Verlag
Berlin Heidelberg New York 1981



Editors

Daniel Dugué
Institut de Statistique, Université de Paris Vi
4, Place Jussieu, 75230 Paris Cedex 05, France

Eugene Lukacs
The Catholic University of America
Washington, DC 20064, USA

Vijay K. Rohatgi

Department of Mathematics and Statistics
Bowling Green State University

Bowling Green, OH 43403, USA

AMS Subiject Classifications (1980): 26 A51, 60-02, 60B05, 60B15,
60E05, 60F05, 60F15, 60Gxx, 62E10, 62E20, 62F10, 62G10

ISBN 3-540-10823-8 Springer-Verlag Berlin Heidelberg New York
ISBN 0-387-10823-8 Springer-Verlag New York Heidelberg Berlin

This work is subject to copyright. All rights are reserved, whether the whole or
part of the material is concerned, specifically those of translation, reprinting,
re-use of illustrations, broadcasting, reproduction by photocopying machine or
similar means, and storage in data banks. Under § 64 of the German Copyright
Law where copies are made for other than private use, a fee is payable to
“Verwertungsgeselischaft Wort”, Munich.

© by Springer-Verlag Berlin Heidelberg 1981
Printed in Germany

Printing and binding: Beltz Offsetdruck, Hemsbach/Bergstr.
2141/3140-543210



Lecture Notes in Mathematics

For information about Vols. 1-640, please contact your book-
seller or Springer-Verlag.

Vol. 641: Séminaire, d'Algebre Paul Dubreil, Proceedings Paris
1976-1977. Edite par M. P. Malliavin. IV, 367 pages. 1978

Voi. 642: Theory and Apphications of Graphs, Proceedings. Michigan
1976. Edited by Y. Alavi and D. R. Lick. XIV. 635 pages. 1978

Vol. 643: M. Davis. Multiaxial Actions on Manifolds. VI. 141 pages.
1978

Vol 644: Vector Space Measures and Applications |, Proceedings
1977. Edited by R. M. Aron and S. Dineen. VIi. 451 pages. 1978
Vol. 645: Vector Space Measures and Applications Il Proceedings
1977. Edited by R. M. Aron and S. Dineen. Vill. 218 pages. 1978.
Val. 646: O. Tammi, Extremum Problems for Bounded Univalent
Functions. VHI, 313 pages. 1978

Vol. 847: L. J. Ratliff, Jr. Chain Conjectures in Ring Theory. VIl 133
pages. 1978.

Vol. 848: Noniinear Partial Ditferential Equations and Applications.
Proceedings. Indiana 1876-1977. Edited by J. M. Chadam. VI, 206
pages. 1978

Vol. 649: Séminaire de Probabilités XIl. Proceedings. Strasbourg.
1976-1977. Edité par C. Detlacherie, P. A. Meyer et M. Weil. Vil
805 pages. 1978

Vol. 650: C*-Algebras and Applications to Physics. Proceedings
1977 Edited by H. Araki and R. V. Kadison. V, 192 pages. 1978

Voi. 851: P. W Michor. Functors and Categories of Banach Spaces
VI. 99 pages 1978

Vol. 652: Differential Topology. Fohations and Gelfand-Fuks-Coho-
mology, Proceedings 1976. Edited by P. A. Schweitzer. XIV, 252
pages. 1978

Vol. 653: Locally Interacting Systems and Their Application in
Biology. Proceedings, 1976 Edited by R. L. Dobrushin. V. |. Kryukov
and A. L. Toom. XI, 202 pages. 1978

Vol. 654: J. P. Buhler. icosahedral Golois Representations. Hl, 143
pages. 1978.

Vol. 6565° R. Baeza. Quadratic Forms Over Semitocal Rings. VI,
199 pages. 1978

Vol. 656: Probability Theory on Vector Spaces. Proceedings, 1977
Edited by A. Weron. VIll. 274 pages. 1978.

Vol 657: Geometric Applications of Homotopy Theory . Proceedings
1977. Edited by M. G. Barratt and M. E. Mahowaid. VIIl. 459 pages
1978.
Vol. 858: Geometric Applications of Homotopy Theory Il. Proceedings
1977 Edited by M. G. Barratt and M. E. Mahowald Vill. 487 pages.
1978
Vol 659: Bruckner. Differentiation of Reat Functions. X. 247 pages
1978

Vol 660: Equations aux Derivee Partielles. Proceedings. 1977 Edite
par Pham The La:. VI, 216 pages. 1978.

Vol. 661 P. T Johnstone, R. Pare. R. D. Rosebrugh, D. Schumacher.
R.J. Wood. and G. C. Wraith. Indexed Categories and Their Applica-
trons. Vil. 260 pages. 1978.

Vol. 662: Akin, The Metric Theory of Banach Manifolds. XIX. 306
pages. 1978.

Vol. 863: J. F. Berglund. H. D. Junghenn, P. Mitnes. Compact Right
Topological Semigroups and Generalizations of Almost Periodicity
X, 243 pages. 1978

Vol. 664: Algebraic and Geometric Topology Proceedings. 18977
Edited by K. C. Millett. Xi. 240 pages. 1978.

Vol. 665 Journées d'Aralyse Non Lineaire. Proceedings. 1977
Edite par P. Bénilan et J. Robert. VIIl. 256 pages. 1978.

Vol. 666: B. Beauzamy. Espaces d'Interpolation Reéels: Topologie et
Géometrie. X, 104 pages. 1978,

Vol. 667: J. Gilewicz, Approximants de Padé. XIV. 511 pages. 1978.

Vol. 668: The Structure of Attractors in Dynamical Systems. Pro-
ceedings, 1977. Edited by J. C. Martin, N. G. Markley and W. Per-
rizo. Vi, 264 pages 1978

Vol. 669: Higher Set Theory. Proceedings, 1977. Edited by G. H.
Miutler and D. S. Scott. XIl. 476 pages. 1978.

Vol. 670: Fonctions de Plusieurs Variables Complexes i, Pro-
ceedings, 1977. Edité par F. Norguet. Xil, 394 pages. 1978.

Vol. 671: R. T. Smythe and J. C. Wierman, First-Passage Perculation
on the Square Lattice. Vill, 186 pages. 1978.

Vol. 872: R. L. Taylor, Stochastic Convergence of Weighted Sums
of Random Elements in Linear Spaces. VIi, 216 pages. 1978.

Vol. 673: Algebraic Topology. Proceedings 1977, Edited by P. Hoff-
man. R. Piccinini and D. Sjerve. VI, 278 pages. 1978.

Vol. 874: Z. Fiedorowicz and S. Priddy. Homology of Classical
Groups Over Finite Fields and Their Associated infinite Loop Spaces.
VI. 434 pages. 1978

Vol. 675 J. Galambos and S. Kotz, Characterizations of Probability
Distributions. VIl 169 pages. 1978.

Vol 676: Differentiai Geometrical Methods inMathematical Physics If,
Proceedings, 1977. Edited by K. Bleuler, H. R. Petry and A. Reetz.
VI. 626 pages. 1978,

Vol. 877: Séminaire Bourbaki, vol. 1976/77, Exposés 489-506. IV,
264 pages. 1978.

Vol. 678: D. Dacunha-Castelle. H. Heyer et B. Roynette. Ecole d'Eté
de Probabilités de Saint-Flour. VII-1977. Edité par P. L. Hennequin.
i1X. 379 pages. 1978.

Vol. 879: Numerical Treatment of Differential Equations in Applica-
tions, Proceedings, 1977. Edited by R. Ansorge and W. Tornig. IX,
163 pages. 1978.

Vol. 680: Mathematical Control Theory, Proceedings, 1977. Edited
by W. A. Coppel. IX. 257 pages. 1978.

Vol. 681 Seminaire de Théorie du Potentiel Paris, No. 3, Directeurs:
M. Brelot, G. Choquet et J. Deny. Rédacteurs: F. Hirsch et G. Moko-
bodzki. VI, 294 pages. 1978.

vol. 682: G. D. James, The Representation Theory of the S}n'wmetric
Groups. V. 156 pages. 1978, ’

Vol 683: Variétés Analytiques Compactes. Proceedings, 1977,
Edite par Y. Hervier et A Hirschowitz. V, 248 pages. 1978.

Vol. 684: £ E. Rosinger, Distributions and Nonlinear Partial Dif-
ferential Equations. X|, 146 pages. 1978.

Vol. 685: Knot Theory, Proceedings. 1877. Edited by J. C. Hausmann.
Vil 311 pages. 1878.

Vol. 686: Combinatorial Mathematics. Proceedings, 1977. Edited
by D. A Holton and J. Seberry. IX. 353 pages. 1978.

Vol. 687: Algebraic Geometry, Proceedings, 1977, Edited by L. D.
Olson. V. 244 pages. 1878.

Vol. 688: J. Dydak and J. Segal. Shape Theory. VI, 150 pages. 1978.

Vol. 689: Cabal Seminar 76-77. Proceedings, 1876-77. Edited by
A 'S Kechris and Y. N. Moschovakis. V. 282 pages. 1978.

Vol.690: W.J. ). Rey. Robust Statistical Methods. V. 128 pages. 1978
Vol 891: G. Viennot, Algebres de Lie Libres et Monoides Libres.
1. 124 pages. 1978.

Vol. 692: T. Husain and S. M. Khaleelulla, Barrelledness in Topo-
togical and Ordered Vector Spaces. IX. 258 pages. 1978

Vol. 693: Hilbert Space Operators. Proceedings, 1977. Edited by
J. M. Bachar Jr. and D. W. Hadwin. VIl 184 pages. 1978.

Vol. 694: Seminaire Pierre Lelong - Henri Skoda (Analyse} Année
1976/77. VIl. 334 pages. 1978.

Vol. 695: Measure Theory Applications to Stochastic Analysis,
Proceedings. 1977. Edited by G. Kallianpur and D. Kolzow. XII,
261 pages. 1978.

Vol. 696: P. J. Feinsilver, Special Functions, Probability Semigroups.
and Hamiltonian Flows. VI, 112 pages. 1978.

Vol. 697: Topics in Algebra. Proceedings. 1978. Edited by M. F. New-
man. XI. 229 pages. 1978.

Vol. 698: E. Grosswald, Bessel Polynomials. XIV, 182 pages. {878

Vo!. 699: R. £ Greene and H.-H. Wu, Function Theory od Manifolds
Which Possess a Pole. ill, 215 pages. 1978.
¢

1

J——
Y



Vol. 700: Module Theory, Proceedings, 1977. Edited by C. Faith and
S. Wiegand. X, 239 pages. 1979.

Vol. 701: Functional Analysis Methods in Numerical Analysis, Pro-
ceedings, 1977. Edited by M. Zuhair Nashed. VI, 333 pages. 1979.

Vol. 702: Yuri N. Bibikov, Local Theory of Nonlinear Analytic Ordinary
Differential Equations. IX, 147 pages. 1979.

Vol. 703: Equadiff IV, Proceedings, 1977. Edited by J. Fabera. XIX,
441 pages. 1979.

Vol. 704: Computing Methods in Applied Sciences and Engineering,
1977, |. Proceedings, 1977. Edited by R. Glowinski and J. L. Lions.
VI, 391 pages. 1979.

Vol. 705: O. Forster und K. Knorr, Konstruktion verseller Familien
kompakter kompiexer Raume. Vi, 141 Seiten. 1979.

Vol. 706: Probability Measures on Groups. Proceedings, 1978,
Edited by H. Heyer. XIIl. 348 pages. 1979.

Vol. 707: R. Zielke, Discontinuous Cebysev Systems. VI, 111 pages.
1979.

Vol. 708: J. P. Jouanolou, Equations de Pfaff algébriques. V, 255
pages.1979.

Vol. 709: Probability in Banach Spaces il. Proceedings, 1978. Edited
by A. Beck. V, 205 pages. 1979.

Vol. 710: Séminaire Bourbaki vol. 1977/78, Exposés 507-524. IV,
328 pages. 1979. -

Vol. 711: Asymptotic Analysis. Edited by F. Verhulst. V, 240 pages.
1979.

Vol. 712: Equations Différentielles et Systemes de Pfaff dans le
Champ Complexe. Edité par R. Gérard et J.-P. Ramis. V, 364 pages.
1879.

Vol. 713: Séminaire de Théorie du Potentiel, Paris No. 4. Edité par
F. Hirsch et G. Mokobodzki. VI, 281 pages. 1979.

Vol. 714: J. Jacod, Calcul Stochastique et Problémes de Martingales
X, 5639 pages. 1979.

Vol. 715: inder Bir S. Passi, Group Rings and Their Augmentation
Ideals. VI, 137 pages. 1979.

Vol. 716: M. A. Scheunert, The Theory of Lie Superalgebras. X, 271
pages. 1979.

Vol. 717: Grosser, Bidualraume und Vervolistindigungen von Ba-
nachmoduin. lll, 209 pages. 1979.

Vol. 718: J. Ferrante and C. W. Rackoff, The Computational Com-
plexity of Logical Theories. X, 243 pages. 1979.

Vol. 719: Categorial Topology, Proceedings, 1978, Edited by H.
Herrlich and G. Preu8. Xil, 420 pages. 1979.

Vol. 720: E. Dubinsky, The Structure of Nuclear Fréchet Spaces
V,187 pages. 1979.

Vol. 721: Séminaire de Probabitités Xlil. Proceedings, Strasbourg,
1977/78. Edité par C. Dellacherie, P. A. Meyer et M. Weil. VIl, 647
pages. 1979.

Vol. 722: Topology of Low-Dimensional Manifolds. Proceedings,
1977. Edited by R. Fenn. VI, 164 pages. 1979.

Vol. 723: W. Brandal, Commutative Rings whose Finitely Generated
Modules Decompose. ll, 116 pages. 1979.

Vol. 724: D. Griffeath, Additive and Cancellative Interacting Particle
Systems. V, 108 pages. 1979.

Vol. 725: Algebres d'Opérateurs. Proceedings, 1978. Edité par
P. de la Harpe. VII, 309 pages. 1979.

Vol. 726: Y.-C. Wong, Schwartz Spaces, Nuclear Spaces and Tensor
Products. VI, 418 pages. 1979.

Vol. 727: Y. Saito, Spectral Representations for Schrédinger Opera-
tors With Long-Range Potentials. V, 149 pages. 1979.

Vol. 728: Non-Commutative Harmonic Analysis. Proceedings, 1978.
Edited by J. Carmona and M. Vergne. V, 244 pages. 1979.

Vol. 729: Ergodic Theory. Proceedings, 1978. Edited by M. Denker
and K. Jacobs. XIt, 209 pages. 1979.

Vol. 730: Functional Differential Equations and Approximation of
Fixed Points. Proceedings, 1978. Edited by H.-O. Peitgen and H.-O.
Walther. XV, 503 pages. 1979.

Vol. 731: Y. Nakagami and M. Takesaki, Duality for Crossed Products
of von Neumann Algebras. IX, 139 pages. 1979.

Vol. 732: Algebraic Geometry. Proceedings, 1978. Edited by K. Lan-
sted. IV, 658 pages. 1979.

Vol. 733: F. Bloom, Modern Differential Geometric Techniques in
the Theory of Continuous Distributions of Dislocations. Xli, 206
pages. 1979.

Vol. 734: Ring Theory, Waterloo, 1978. Proceedings, 1978. Edited
by D. Handelman and J. Lawrence. X, 352 pages. 1979.

Vol. 735: B. Aupetit, Propriétés Spectrales des Algébres de Banach.
XN, 192 pages. 1979.

Vol 736: E. Behrends, M-Structure and the Banach-Stone Theorem.
X. 217 pages. 1879. ’

Vol. 7387: Volterra Equations. Proceedings 1978. Edited by S.-O.
Londen and O. J. Staffans. VIil, 314 pages. 1979.

Vol. 738: P. E. Conner, Differentiable Periodic Maps. 2nd edition, IV,
181 pages. 1979.

Vol.739: Analyse Harmonigue sur les Groupes de Lie ll. Proceedings,
1976-78. Edited by P. Eymard et al. VI, 646 pages. 1979.

Vol. 740: Séminaire d'Algebre Paul Dubreil. Proceedings, 1977-78.
Edited by M.-P. Malliavin. V, 456 pages. 1979.

Vol. 741: Aigebraic Topology, Waterloo 1978. Proceedings. Edited
by P. Hoffman and V. Snaith. X|, 655 pages. 1879.

Vol. 742: K. Clancey, Seminormal Operators. Vi, 125 pages. 1979.

Vol. 743: Romanian-Finnish Seminar on Complex Analysis. Pro-
ceedings, 1976. Edited by C. Andreian Cazacu et al. XV, 713 pages.
1979.

Vol. 744: |. Reiner and K. W. Roggenkamp, Integral Representations.
VIil, 275 pages. 1979.

Vol. 745: D. K. Haley, Equational Compactness in Rings. Ill, 167
pages. 1979.

Vol. 746: P. Hoffman, 1-Rings and Wreath Product Representations.
V, 148 pages. 1978.

Vol. 747: Complex Analysis, Joensuu 1978. Proceedings, 1978.
Edited by i. Laine, O. Lehto and T. Sorvali. XV, 450 pages. 1979.
Vol. 748: Combinatorial Mathematics VI. Proceedings, 1978. Edited
by A. F. Horadam and W. D. Wallis. X, 206 pages. 1979.

Vol. 749: V. Girault and P.-A. Raviart, Finite Element Approximation
of the Navier-Stokes Equations. VI, 200 pages. 1979.

Vol. 7560: J. C. Jantzen, Moduin mit einem héchsten Gewicht. |,
195 Seiten. 1979.

Vol. 751: Number Theory, Carbondale 1979. Proceedings. Edited by
M. B. Nathanson. V, 342 pages. 1979.

Vol. 752: M. Barr, *-Autonomous Categories. VI, 140 pages. 1979.
Vol. 763: Applications of Sheaves. Proceedings, 1977. Edited by
M. Fourman, C. Mulvey and D. Scott. XIV, 779 pages. 1979.

Vol. 754: O. A. Laudal, Formal Moduli of Algebraic Structures. #l,
161 pages. 1979.

Vol. 755: Global Analysis. Proceedings, 1978. Edited by M. Grmela
and J. E. Marsden. VII, 377 pages. 1979.

Vol. 756: H. O. Cordes, Elliptic Pseudo-Differential Operators - An
Abstract Theory. IX, 331 pages. 1979.

Vol. 757: Smoothing Techniques for Curve Estimation. Proceedings,
1979. Edited by Th. Gasser and M. Rosenbiatt. V, 245 pages. 1879.

Vol. 758: C. Nastasescu and F. Van Oystaeyen; Graded and Filtered
Rings and Modules. X, 148 pages. 1979.




T L, T mree——

Vol. 769: R. L. Epstein, Degrees of Unsolvability: Structure and
Theory. XIV, 216 pages. 1979.

Vol. 760: H.-O. Georgii, Canonical Gibbs Measures. VIIl, 190 pages.
1979.

Vol. 761: K. Johannson, Homotopy Equivalences of 3-Manifolds with
Boundaries. 2, 303 pages. 1979.

Vol. 762: D. H. Sattinger, Group Theoretic Methods in Bifurcation
Theory. V, 241 pages. 1979.

Vol. 763: Algebraic Topology, Aarhus 1978. Proceedings, 1978.
Edited by J. L. Dupont and H. Madsen. Vi, 695 pages. 1979.

Vol. 764: B. Srinivasan, Representations of Finite Chevalley Groups.
X, 177 pages. 1979.

Vol. 765: Pade Approximation and its Applications. Proceedings,
1979. Edited by L. Wuytack. VI, 392 pages. 1979.

Vol. 766: T. tom Dieck, Transformation Groups and Representation
Theory. VIil, 309 pages. 1979.

Vol. 767: M. Namba, Families of Meromorphic Functions on Compact
Riemann Surfaces. X, 284 pages. 1979.

Vol. 768: R. S. Doran and J. Wichmann, Approximate Identities and
Factorization in Banach Modules. X. 305 pages. 1979.

Vol. 769: J. Flum, M. Ziegler, Topological Model Theory. X, 151 pages.
1980.

Vol. 770: Séminaire Bourbalki vol. 1878/79 Exposés 525-542. {V,
341 pages. 1980.

Vol. 771: Approximation Methods for Navier-Stokes Problems. Pro-
ceedings, 1979. Edited by R. Rautmann. XVI, 681 pages. 1980.

Vol. 772: J. P. Levine, Algebraic Structure of Knot Modules. XI, 104
pages. 1980.

Vol. 773: Numerical Analysis. Proceedings, 1979. Edited by G. A.
Watson. X, 184 pages. 1980.

Vol. 774: R. Azencott, Y. Guivarc'h, R. F. Gundy, Ecole d'Eté de
Probabilités de Saint-Flour VIH-1978. Edited by P. L. Hennequin.
XIIt, 334 pages. 1980.

Vol. 775: Geometric Methods in Mathematical Physics. Proceedings,
1979. Edited by G. Kaiser and J. E. Marsden. VI, 257 pages. 1980.

Vol. 776: B. Gross, Arithmetic on Eiliptic Curves with Complex
Multiptication. V, 95 pages. 1980.

Vol. 777: Séminaire sur les Singularités des Surfaces. Proceedings,

1976-1977. Edited by M. Demazure, H. Pinkham and B. Teissier.

1X, 339 pages. 1980.

Vol. 778: SKi von Schiefkérpern. Proceedings, 1976. Edited by
P. Drax| and M. Kneser. |l, 124 pages. 1980.

Vol. 779: Euclidean Harmonic Analysis. Proceedings, 1979. Edited
by J. J. Benedetto. I}, 177 pages. 1980.

Vol. 780: L. Schwartz, Semi-Martingales sur des Variétés, et Martin-
gales Conformes sur des Variétés Analytiques Complexes. XV, 132
pages. 1980.

Vol. 781: Harmonic Analysis Iraklion 1978. Proceedings 1978. Edited
by N. Petridis, S. K. Pichorides and N. Varopoulos. V, 213 pages. 1980.

Vol. 782: Bifurcation and Nonlinear Eigenvalue Problems. Proceed-
ings, 1978. Edited by C. Bardos, J. M. Lasry and M. Schatzman
VIiI, 296 pages. 1980.

Vol. 783: A. Dinghas, Wertverteilung meromorpher Funktionen in
ein- und mehrfach zusammenhangenden Gebieten. Edited by R. Ne-
vanlinna and C. Andreian Cazacu. Xlll, 145 pages. 1980.

Vol. 784: Séminaire de Probabilités XIV. Proceedings, 1978/79.
Edited by J. Azéma and M. Yor. VI, 546 pages. 1980.

Vol. 785: W. M. Schmidt, Diophantine Approximation. X, 299 pages.
1980.

Vol. 786: |. J. Maddox, Infinite Matrices of Operators. V, 122 pages.
1980.

Vol. 787: Potential Theory, Copenhagen 1979. Proceedings, 1979.
Edited by C. Berg, G. Forst and B. Fuglede. VIil, 319 pages. 1880.

Vol. 788: Topology Symposium, Siegen 1979. Proceedings, 1979.
Edited by U. Koschorke and W. D. Neumann. VIll, 495 pages. 1980.

Vol. 789: J. E. Humphreys, Arithmetic Groups. VII, 158 pages. 1980.

Vol. 790: W. Dicks, Groups, Trees and Projective Modules. IX, 127
pages. 1980.

Vol. 791: K. W. Bauer and S. Ruscheweyh, Differential Operators
for Partial Differential Equations and Function Theoretic Applica-
tions. V, 258 pages. 1980.

Vol. 792: Geometry and Differential Geometry. Proceedings, 1979.
Edited by R. Artzy and |. Vaisman. VI, 443 pages. 1980.

Vol. 793: J. Renault, A Groupoid Approach to C*-Algebras. I, 160
pages. 1980.

Vol. 794: Measure Theory, Oberwolfach 1879. Proceedings 1979.
Edited by D. Kdlzow. XV, 673 pages. 1980.

Vol. 795: Séminaire d'Algebre Paul Dubreil et Marie-Paule Malliavin.
Proceedings 1979. Edited by M. P. Malliavin. V, 433 pages. 1980.

Vol. 796: C. Constantinescu, Duality in Measure Theory. IV, 197
pages. 1980.

Vol. 797: S. Miki, The Determination of Units in Real Cyclic Sextic
Fields. lll, 198 pages. 1980.

Vol. 798: Analytic Functions, Kozubnik 1979. Proceedings. Edited
by J. £awrynowicz. X, 476 pages. 1980.

Vol. 799: Functional Differential Equations and Bifurcation. Proceed-
ings 1979. Edited by A. F.1z¢. XXII, 409 pages. 1980.

Vol. 800: M.-F. Vignéras, Arithmétique des Algebres de Quaternions.
VIi, 169 pages. 1980.

Vol. 801: K. Floret, Weakly Compact Sets. VII, 123 pages. 1980.

Vol. 802: J. Bair, R. Fourneau, Etude Géometrique des Espaces
Vectoriels Il VII, 283 pages. 1980.

Vol. 803: F.-Y. Maeda, Dirichtet Integrals on Harmonic Spaces. X,
180 pages. 1980.

Vol. 804: M. Matsuda, First Order Algebraic Differential Equations.
VIl 111 pages. 1980.

Vol. 805: O. Kowalski, Generalized Symmetric Spaces. Xll, 187
pages. 1980.

Vol. 806: Burnside Groups. Proceedings, 1977. Edited by J. L. Men-
nicke. V, 274 pages. 1980.

Vol. 807: Fonctions de Plusteurs Variables Complexes V. Pro-
ceedings, 1979, Edited by F. Norguet. IX, 188 pages. 1980.

Vol. 808: G. Maury et J. Raynaud, Ordres Maximaux au Sens de
K. Asano. VHIi, 192 pages. 1980.

Vol. 809: I. Gumowski and Ch. Mira, Recurences and Discrete
Dynamic Systems. Vi, 272 pages. 1980.

Vol. 810: Geometrical Approaches to Differential Equations. Pro-
ceedings 1979. Edited by R. Martini. VII, 339 pages. 1980.

Vol. 811: D. Normann, Recursion on the Countable Functionals.
VIII, 191 pages. 1980.

Vol. 812: Y. Namikawa, Toroidal Compactification of Siegel Spaces.
VIl 162 pages. 1980.

Vol. 813: A. Campillo, Algebroid Curves in Positive Characteristic.
V, 168 pages. 1980.

Vol. 814: Séminaire de Théorie du Potentiel, Paris, No. 5. Proceed-
ings. Edited by F. Hirsch et G. Mokobodzki. IV, 239 pages. 1980.

Vol. 815: P. J. Slodowy, Simple Singularities and Simple Algebraic
Groups. X, 175 pages. 1980.

Vol. 816: L. Stoica, Local Operators and Markov Processes. VIl
104 pages. 1980.

gl —~




Vol. 817: L. Gerritzen, M. van der Put, Schottky Groups and Mumford
Curves. Vili, 317 pages. 1980.

Vol. 818: S. Montgomery. Fixed Rings of Finite Automorphism Groups
of Associative Rings. VI, 126 pages. 1980.

Vol. 819: Global Theory of Dynamical Systems. Proceedings, 1979.
Edited by Z. Nitecki and C. Robinson, IX, 499 pages. 1980.

Vol. 820: W. Abikoff, The Real Analytic Theory of Teichmiiller Space.
VH, 144 pages. 1980.

Vol. 821: Statistique non Paramétrique Asymptotique. Proceedings,
1979. Edited by J.-P. Raoult. VI 175 pages. 1980.

Vol. 822: Séminaire Pierre Lelong-Henri Skoda, (Analyse) Années
1978/79. Proceedings. Edited by P. Lelong et H. Skoda. Viil,
356 pages. 1980.

Vol. 823: J. Kral, Integral Operators in Potential Theory. I, 171
pages. 1980.

Vol.824: D. Frank Hsu, Cyclic Neofields and Combinatorial Designs.
VL. 230 pages. 1980.

Vol. 825: Ring Theory, Antwerp 1980. Proceedings. Edited by F. van
Ogystaeyen. VI, 209 pages. 1980.

Vol. 826. Ph. G. Ciarlet et P. Rabier. Les Equations de von Karman.,
VI, 181 pages. 1980.

Vol. 827: Ordinary and Partial Differential Equations. Proceedings,
1878. Edited by W. N. Everitt. XVI, 271 pages. 1980.

Vol. 828: Probability Theory on Vector Spaces ll. Proceedings. 1979.
Edited by A. Weron. Xill, 324 pages. 1980

Vol. 829: Combinatorial Mathematics VH. Proceedings, 1979. Edited
by R. W. Robinson et al.. X. 256 pages. 1980.

Vol. 830: J. A Green, Polynomial Representations of GLy. VI. 118
pages. 1980.

Vol. 831. Representation Theory | Proceedings, 1979. Edited by
V. Dlab and P. Gabriel. XIV. 373 pages. 1980.

Vol. 832: Representation Theory Il. Proceedings, 1979. Edited by
V. Dlab and P. Gabriel. XIV, 673 pages. 1980.

Vol. 833: Th. leulin, Semi-Martingales et Grossissement d'une
Filtration. IX, 142 Seiten. 1980.

Vol. 834: Model Theory of Algebra and Arithmetic. Proceedings.
1979. Edited by L. Pacholski, J. Wierzejewski, and A J. Wilkie. VI,
410 pages. 1980.

Vol. 835: H Zieschang, E. Vogt and H.-D. Coldewey. Surfaces and
Planar Discontinuous Groups. X, 334 pages. 1980

Vol. 836: Differential Geometrica! Methods in Mathematical Physics.
Proceedings, 1979. Edited by P. L. Garcia, A. Pérez-Rendén. and
J. M. Souriau. XII, 638 pages. 1980

Vol. 837: J. Meixner, F. W. Schifke and G. Wolf, Mathieu Functions
and Spheroidal Functions and their Mathematical Foundations
Further Studies. VIl, 126 pages. 1980.

Vol. 838: Global Differential Geometry and Globa! Analysis. Pro-
ceedings 1979. Edited by D. Ferus et al. X1, 299 pages. 1981

Vol. 839: Cabal Seminar 77 - 79. Proceedings. Edited by A. S.
Kechris, D. A. Martin and Y. N. Moschovakis. V, 274 pages. 1981.

Vol. 840: D. Henry, Geometric Theory of Semilinear Parabolic Equa-
tions. IV, 348 pages. 1981.

Vol. 841: A.Haraux, Nonlinear Evolution Equations- Global Behaviour
of Solutions. XN, 313 pages. 1981

Vol. 842: Séminaire Bourbaki vol. 1979/80. Exposés 543 560.
IV, 317 pages. 1981.

Vol. 843: Functional Analysis, Holomorphy, and Approximation
Theory. Proceedings. Edited by S. Machado. VI. 636 pages. 1981.

Vol. 844: Groupe de Brauer. Proceedings. Edited by M. Kervaire and
M. Ojanguren. Vil, 274 pages. 1981.

Vol. 845: A. Tannenbaum, Invariance and System Theory: Algebraic
and Geometric Aspects. X, 161 pages. 1981,

Vol. 846: Ordinary and Partial Differential Equations, Proceedings.
Edited by W. N. Everitt and B. D. Sleeman. XIV, 384 pages. 198t.

Vol. 847: U. Koschorke, Vector Fields and Other Vector Bundle
Morphisms - A Singularity Approach. IV, 304 pages. 1981.

Vol. 848: Algebra, Carbondale 1980. Ed. by R. K. Amayo. VI, 298
pages. 1981

Vol. 849: P. Major, Multiple Wiener-1t0 Integrals. VI, 127 pages. 1981.

Vol. 850: Séminaire de Probabilités XV.1979/80. Avectable générale
des exposés de 1966/67 2 1978/79. Edited by J. Azéma and M. Yor.
IV, 704 pages. 1981.

Vol. 851: Stochastic Integrals. Proceedings, 1980. Edited by D.
Williams. IX, 540 pages. 1981.

Vol. 852: L. Schwartz, Geometry and Probability in Banach Spaces.
X, 101 pages. 1981.

Vol. 853: N. Boboc, G. Bucur, A, Cornea, Order and Convexity in
Potential Theory: H-Cones. 1V, 286 pages. 1981.

Vol. 854: Algebratc K-Theory. Edited by E. M. Friedlander and
M. R. Stein. V, 517 pages. 1981.

Vo!. 865: Semigroups. Proceedings. Edited by H. Jirgensen, M. Pet-
rich and H. J. Weinert. V, 221 pages. 1981.

Vol. 856: R. Lascar, Propagation des Singularités des Solutions
d'Equations Pseudo-Différentielles a Caractéristiques de Multipli-
cités Variables. VIli, 237 pages. 1981.

Vol. 857: M. Miyanishi. Non-complete Algebraic Surfaces. XVI!I,
244 pages. 1981.

Vol. 858: E. A. Coddington, H.S. V. de Snoo: Regular Boundary Value
Problems Associated with Pairs of Ordinary Differential Expressions.
V, 225 pages. 1981.

Vol. 859: Logic Year 1979-80. Edited by M. Lerman, J. H. Schmerl
and R. |. Soare. VIil, 326 pages. 1981.

Vol. 860: Probability in Banach Spaces I, Proceedings, 1980. Edited
by A. Beck. VI, 329 pages. 198t.

Vol. 861: Analytical Methods in Probability Theory. Proceedings.
Edited by D. Dugué, E. Lukacs, V. K. Rohatgi. X, 183 pages. 1981




LIST OF PARTICIPANTS

=

Artzner, Ph., France
Bergstrom, H., Sweden

Blum, J. R., USA

Butzer, P. L., Germany
Chevalier, J., France

Csorgd, M., Canada

Cuppens, R., France

Davies, P. L., Germany
Deheuvels, P. France

Dugué, D., France

Geffroy, J., France

Gyires, B., Hungary

de Haan, L., The Netherlands
van Harn, K., The Netherlands
Heyer, H., Germany

Jacob, P., France

Jacobs, K., Germany

Laha, R. G., USA

Letac, G., France

Lukacs, E., USA

Roeckerath, M. Th., Germany
Rohatgi, V. K., USA

Steutel, F. W., The Netherlands
Teghem, J., Belgium

Teicher, H., USA

Theodorescu, R., Canada
Thompson, J. W., Great Britain
Vincze, I., Hungary

Wang, Y. H., Canada

Wolfe, St. J., USA



Monday, June 9.

RECORD OF MEETINGS

Morning Session, Chair: E. Lukacs
Opening of the meeting

Geffroy, J.
Jacob, P.

Cuppens, R.

Afternoon Session,
Letac, G.

Steutel, F. W.

Tuesday, June 10.

Approximate empirical distributions of
random measures

Convergence stochastique des processus
ponctuels & signe

Decomposition of probabilities

Chair: D. Dugué

Problémes classiques de probabilité sur un
couple de Gelfand

Divisibility of Lebesgue measure

Morning Session, Chair: H. Heyer

Blum, J. R.

Csdrgd, M.
Bergstrdm, H.
Roeckerath,; M. Th.

Afternoon Session,
Davies, P. L.

Rohatgi, V. K.

Teicher, H.

Wednesday, June 11.

Random sampling from a continuous time
stochastic process

On a test of goodness of fit based on the
empirical probability measure of Foutz and
testing for exponentiality

Reduction of weak 1limit problems by
transformations

Central 1imit theorem with large 0-rates
for martingales in Banach space

Chair: H. Bergstrdm

A theorem of Dény with applications to
characterization problems

On the rate of convergence in the central
limit theorem

Almost certain behaviour of row sums of
double arrays

Morning Session, Chair: M. Csdrgd

Lukacs, E.
Dugué, D.

Vincze, I.

Afternoon

Thursday, June 12.

Construction of characterization theorems
A nonparametric test of multivariate
normality )

On a joint characterization of the Poisson
and Gamma distributions

Excursion

Morning Session, Chair: ©P. Révész

Chevalier, J.

Gyires, B.

Laha, R. G., §
Rohatgi, V. K.

Estimation du support d'une loi de
probabilité lorsque le support est une
varieté

New characterizations of the normal
distributions

Decomposition of probability measures on
locally compact Abelian groups (presented
by R. G. Laha)



Thursday, June 12 (cont.).

de Haan, L. Local limit theorems for sample extremes

Afternoon Session, Chair: V. K. Rohatgi

Wolfe, St. J. On the unimodality of infinitely divisible
distribution functions

van Harn, K., Self decomposable discrete distributions and

Steutel, F. W., & branching processes (presented by K.

Verwaart, W. van Harn)

Thompson, J. W. Dispersive distributions and strong
unimodality

Friday, June 13.

Morning Session, Chair: R. G. Laha

Heyer, H. An application of the method of moments to
the central limit theorem on hyperbolic
spaces

Bertin, M. J., ¢ Some characterizations of unimodal

Theodorescu, R. distribution functions (presented by R.
Theodorescu)

Deheuvels, P. Multivariate tests for independence

Afternoon Session, Chair: R. Cuppens

Révész, P. Local time and invariance

Wang, Y. H. Extension of Lukacs' characterization of the

Gamma distribution



PAPERS PRESENTED AT THE CONFERENCE,
TO BE PUBLISHED ELSEWHERE

BUTZER, P.L. and ROECKERATH, M.-Th. Central limit theorem with

large 0 - rates for martingales in Banach spaces
CUPPENS, R. Decomposition of probabilities on R and Rn
DUGUE, D. A nonparametric test of multivariate normality
GEFFROY, J. Approximate empirical distributions of a random measure
GYIRES, B. New characterizations of the normal distributions
O'BRIAN, G.L. and STEUTEL, F.W. Divisibility of Lebesgue measure

THOMPSON, J.W. Dispersive distributions and strong unimodality



CONTENTS

BERGSTRUM, H. Reduction of weak limit problems by trans-

formations . . & & v 4 i 4t e e e e e e e s e e e e e e s

BERTIN, E.M.J. and THEODORESCU, R. Characterizations of
unimodal distribution functions . . . . . . . . . . ¢ . . .

BLUM, J.R. and BOYLES, R.A. Random sampling from a continuous
time stochastic process . . . . . . . . . 0 0 0 v v e e e

CSURGY, M. On a test for goodness-of-fit based on the empirical
probability measure of Foutz and testing for exponentiality

DAVIES,P.L. A theorem of Dény with applications to characteri-

zation problems . . . . . . . L v e e e e e e e e e e e
DEHEUVELS, P. Multivariate tests for independence . . . . . . .

DE HAAN, L. and RESNICK, S.I. Local limit theorem for sample

EXLIremes .« . . . . v i v e e e e e e e e e e e e e e e,

HALL, R.R. and VINCZE, I. On a simultaneous characterization

of the Poisson law ané the Gamma distribution . . . . . . .

VAN HARN, K., STEUTEL, F.W, and VERWAAT, W. Self-decomposable
discrete distributions and branching processes . . . . . .

HEYER, H. An application of the method of moments to the central
limit theorem on hyperbolic spaces . . . . . . . . . . . .

JACOB, P. Convergences stochastique des processus ponctuels
ComMPosSes & Signe . . . . . . v . w u e e e e

LAHA, R.G. and ROHATGI, V.K. Decomposition of probability
measures on locally compact Abelian groups . . . . . . . .

LETAC, G. Problémes classiques de probabilité& sur un couple de

Gelfand . . . . . . . . .. L. L. e e e s s e
LUKACS, E. Construction of characterization theorems . . . . . .
REVESZ, P. Local time and invariance . . . . s e e e e e e e e

10

15

25

35

42

51

54

60

65

74

83

93

121

128



ROHATGI, V.K.
theorem . . . . . . . . .

TEICHER, H.
AXYAYS ¢ 4+ e e e e . s

WANG, Y.H.
distribution . . . . . .

WOLFE, St.Jd.
distribution functions I1I

Extensions of Lukacs*

vi

characterization of the Gamma

.

-

.

.

On the unimodality of infinitely divisible

Almost certain behaviour of row sums of double

.

On the rate of convergence in the central limit

146

155

166

178



REDUCTION OF WEAK LIMIT PROBLEMS BY TRANSFORMATIONS

Harald Bergstrdm
Department of Mathematics
Chalmers University and the University of G&teborg
GOteborg

Abstract

Weak limit problems for sequences of measures on normal, particu-
larly metric, spaces are reduced by transformations to limit wroblems
on simpler spaces than the original one's. Subject classification:

60 F 17, 46 G 99.

1. Alexandrov's Theorems. In earlier napers [2] and [3] I have used

fundamental theorems of A.D. Alexandrov in order to prove weak conver-
gence of sequences of measures. Then I presented a certain reduction
procedure. However, some of the conclutions I made there cannot be
drawn so directly from Alexandrov's theorems as I asserted. This paper
will give a more complete presentation of the reduction procedure and
thus is also a complement to (2] and [3].

The following concepts and notations will be used (commare [1]):
S 1is a topological or a o-topological space. The latter is called an
Alexandrov space (shorter A-space). Any topological space is an A-
space, but the converse is only true if S is separable . A Stone
vector lattice of realvalued functions from S is a linear space over
the real numberfield, such that it contains max (f,g) if it contains ¢
and g. If it also contains f.g at the same time as f and g, it
is called a Stone vector lattice ring. We shall only consider Stone
vector lattices which are bounded, |[[fll= sup|{f(x)|< = for any f in
the lattice. The class of realvalued bounded continuous functions from
an A-space is a Stone vector lattice ring. It will be denoted by VY.

An A-space is said to be normal if there to any disjoint closed



sets F, and F, exists £ € ¥, 0 < flx) < 1 for x € S, such that f(x) =0
on F1 and f(x) = 1 on F2‘ The function f having this property is said
to connect Fy with Fz. A normal A-space S is called completely normal
if any closed set F in S has a representation F = {x: £(x) = 0} with
fev, 0 f(x) <1on S. A metric space is completely normal. A line-
ar functional L on a Stone vector lattice g is a mapping f €& from
15 into R such that

L(af+B8g} = aL(f)+BL(g)

for any real numbers o« and R and f,q € & . We say that L is non-nega-
tive if f(x) > 0 for all x implies L(f) > 0, bounded if |L(f)]| < =
for ||f] < =.

A finitely additive non-negative set function u on an algebra
of subsets on S is called a measure if u(S) < w. If u is o-additive
we call it a o-smooth measure. When we say that u is a measure on A-
spaces we require that it is a measure on the algebra generated by the
closed sets, but on the oc-algebra generate bv these sets if u is o-
smooth. The abstract integral of any realvalued function f from S into
R with respect to a measure y on S is denoted by u(f). Note that yu(f)
determines a non-negative, bounded functional on Y.

A sequence {un} of measures on an A-space S is said to converge
weakly to a measure uon S if un(f) + u{f) (n » ») for any £ ¢ v,

Alexandrov's theory contains theorems which may be given in the
following form

THEOREM 1. Let L be a non-negative, bounded linear functional on a

Stone vector lattice ring wo of realvalued bounded continuous func-
tions from a normal ¢-topological space S, where wo contains the func-

tion x + 1 from S and, to any two disjoint closed disjoint sets, a
function connecting these sets. Then L determines uniguely a regular
measure y on S such that u(f) = L(f) on v..

THEOREM 2. Let u be a regular measure on a normal space S and ¥, a
Stone vector lattice of realvalued, bounded, continuous functions
where ¥y contains the function x » 1 from S. Further suppose that
there, to any closed set ¥ and any ¢ > 0, exist an open set Ge with

u(GE\ F) < ¢ and a function in ¥, connecting F and S\Ge



If {up} is a sequence of measures on S, then the following conditions
imply each other:

(1) {un} converges weakly to yu

(ii) un(f) + u(f) (n » «) for £ € ¥y

(iii) 1limsup “n(F) < u(F) for any closed set F, and un(s) + u(8)
n-»>ow

(n —>m).

(iv) liminf y (G} > ,(G) for any open set G, and un(S) + u(8) (n » =)
n->ow

tv) lim u, (B) = u(E) for any continuity set in S with respect to u, and
N>

un(s) + p(8)(n » «).

THEOREM 3. If a sequence {un} of o-smooth measures on a completely
normal space S converges weakly to a measure u, then u is o-smooth.

2. The Reduction Procedure. We shall deal with mappings = of an A-
space S onto or into an A-space S'., Then we consider the algebrast
and«:,' generated by the closed sets in S and S ' respectively. We

say that = is measurable S/S' if n"1 E' Ef for any E' ey'. If
is continuous then, of course 7|

F' is a closed set in S for any
closed set F' in S'. The reduction procedure is given by

LEMMA 1. Let the following conditions hold for a normal A-space S:

(i) S is mapped onto a normal A-space g(r) by a measurable mapping

T and g(r) is mapped onto S(r)c S by a continuous mapping
vr for r =1, 2, ... , where §(r) is projection of g(s) for r > s.
(ii) wo is a Stone vector lattice ring of realvalued, bounded, con-

tinuous functions from S, such that ¥_ contains the function

x » 1, and, to any disjoint closed sets F., and Fz, a function

1
which connects F1 and FZ'

{un} is_a sequence of measures on S, such that sup un(S) < o

iii)

7

- n
and {un(ﬂr1)] converges weakly to a measure ﬁ(r) on g‘r) for
r=1, 2, ...

(iv) 1lim limsup un{|f(x) - (v, "rx)|3.€}= 0 for any ¢ > 0, £ € v

Y oo n >«

o
Then, 1 {un} converges weakly to a measure p on S as n » «, 2°
U, are o-smooth, then u is o-smooth, 3°

(r)

we have 3 = u(w;1

if the m_ are continuous,
) . Conversely, if the .

are continuous, and if



{un} is a sequence of ¢-smooth measures, converging weakly to a measure
ps then (iii) necessarily holds; if furtheerre’

£(x) - £(V % x) ~ 0{r + =) a.s.u
for £ ¢ wo' also (iv) is satisfied.
PROOF. For f ¢ Wo put

(1 L, (5) = [£00uy (@x)

(2) inx:) (f) = J f(vr;(r))un(ﬂ;1d;(r)

g(r)

).

By transformation of the integral we can write (2)

(r) =
(3) L () = éf(vrnrx)un(dx)

Regarding (iv) and the ineguality in (iii), wé get from (1) and (3)

)

(4) lim limsup |L'T
r->o n-»>owo n

(£f) - Ln(f)| = 0.
Further (iii) implies

) rm 1 =1 = ) (@0,

n-oo g(r)

since f(Vf) is a bounded, continuous function form S(r) into R. By (5)

we obtain for positive integers r, and Iy, £z WO,
L e - w2 (6) | = 1im (150 (5) - 1T gy |
now M n
< limsup (L5 (£) - L_(£)| + limsup |L_(f) - L) () |
n-> n n n > n n

As Iy > =, Ty > >, the right hand side of the inequality tends to 0

according to (4). Hence {L(r)(f)} is Cauchy convergent and thus con-
vergent.

(6) 1im ».%)(£) = L(f)

Y-row

It follows by the properties of limits, that L is a non-negative,



