! MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFACH

Tagungsbericht 10/1973

Wahrscheinlichkeitstheorie

18. 3. bis 24.3.1973

Die diesjahrige Tagung iliber Wahrscheinlichkeitstheorie
stand unter der Leitung von W.Bihler (Halnz) und W.v.!aldcnfclc
(Heidelberg). st eEs
Neben den Ubersichtsvortridgen und der Vorstellung spezicller
Ergebnisse aus dem Bereich der Wahrscheinlichkeitsthcorie i
standen auch einige Vortrdge aus dem Gebiet der iathematischen
AStat1=t1k, dle den Themenkreis abrundeten und den gegenseltlgen
Kont akt zw1schen W.-Theorie und Statistik forderten. o
AuBerdem war ein Halbtag fiir die leku»slon iber "teachlng
of model building" reserviert. Diese Diskussion glng aus von
der Vorstellung spezieller Modelle und einem Erfahrungsberlcht
von D.G.Kendall (Cambrldge) iver einen Kure, den er in
Cambrldge in Zusammenarbeit mit Biologen, Archaologen und
) anderen Anwendern durchgefuhrt hatte.

;

Teilnehmer )
‘ L.Arnold, Bremen H.Engmann, Bielefeld -

P.Artzner, Straflburg H.F6llmer, Erlangen =~

W.Bihler, Mainz ’ . P.G&nBler,. Bochum

K.Daniel, Bern . F.Hampel, Ziirich

M.Denker, Erlangen H. Héring, Berlin

H.Dinges, Frankfurt *  H.Heyer, Tibingen

U.Déring, lainz - L.Jones, Gottingen

A.Dvoretzky, Jerusalem D.A.Kappos, Athen .

G.K.Eagleson, Cembridge (England)

‘W.Eberl, VWien ' l.Keane, Rennes.’

E.Eberlein, Erlangen D.G.Kendall, Cambridge (England)
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U.Krengel, Gottingen C.L.Scheffer, Utrecht

K.Krickeberg, Paris - M.Skolnick, Parma
W.Krieger, Columbus (Ohio) M.Smorodinsky, Tel Aviv
P.A.Keyer, StraBburg M.Stoka, Bukarest ‘
F;Papangelou, Gottingen P.Tautu, Heidelberg
¥.Philipp, Wien F.Topsde, Kopenhagen
‘P.Ressel, Freiburg ’ W.v.Waldenfels, Heidelberg
P.Révész, Budapest N.X.Xanh, Bielefeld
J.Runnenburg, Amsterdam H.N.Zessin, Bielefeld

Yortragsausziige

H. DINGES: Theory of stopping seguences

P is a fixed positive contraction of Lq(E,g) (or a submarkov-
kernel); /4,\: denote s-finite measures, q monotone limits of

S-finite measures, all absolutely continuous with respect to g. _

Notation: If there exists a Markov process'xo,x1,.f. and a
st_opping time T with X(X;) = pos X(Xy) =V Thog (X, 3v>k) =
we write ﬂ\Tv(Staning with M one reaches V using k1)
Remark: If rﬁ—-vthen 4 satisfies the "Poisson-equation"

q+v = 1P oo - The main tool to study the relation I»»'-,Tv
is the concept of a stopping sequence. Def: m = qu“O’fﬁ"“)
is called a stopping sequence if /Aos./A. '/‘ks/"k-'lp for

k= 1,2ycc0 :

Impoftent and in a precise sense extreme devices to construct
stopping sequences are the filling-scheme and the flooding-
scheme. For instance: a) The filling-scheme yields the
minimal solution of the Poisson-inequality MY >‘1P +pm

b) If /u—;iv with “ ¢-finite, then the flooding-scheme yields

a stopping time with mimimal variance.

A. DVORETZKY: Sums of dependent random variables

The sufficiency part of the results on limiting distributions
of triangular arrays of sums of independent random variables
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is carried over to the general dependent case via conditioniﬁg
on the preceding row sum. The nethod extends to random
variables assuning values in grdups other than the real or
complex numbers. ’ ‘

Under certain restrictions, e.g. martingale btructure, much

of the necessity part can also be carried over. Under suitable
conditions one can deduce also convergence of the sequence
Of'partiai sums to suitable limiting stochastic processes,
e.g.'brOanan motion.

G.K. EAGLESON: The central limit problem for martingales

Consider a triangular array of random variables whose rows
are martingale difference sequences. That is, for each

D= 1,2,... we have random variables X 1""‘xnk on a

n
N

e z

‘probability space (ﬂ*?}P) with sub-s-fields 5 ¢ 7 CoonC 9 o

“ass. for k = Ty¢004K

n1

T _ _
of ¥ such that X ‘is ? measurable and E(Xnklj'n k=1 ) -'0

N n . .
Sufflclent conditions for the row sums of such arrays to

converge in distribution to an infinitely divisible law w111
be glven. These conditions are analogous to the classical .
conditions for the case when the X ., k = 1,...,kn are
independent. Applications and generalizations of the results
will also be discussed. : ’

W. EBERL: Bemerkungen zum Waldschen Entscheidungsmodell

Bericht iiber die Diplomarbeit von H. Stadler (Wien), in der
das »equentlelle Entscheldungsmodell von A, Wald mit Hilfe
des bekannten Satzes von C. Ionescu Tulcea eine verelnfachende

‘Darstellung erfidhrt, Die Risikofunktion wird zu einem Funk-
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tional auf eineﬁ zweiparamqtrigeh Familie von stochastischen
Prozessen. Diese Darstellung ist der Ausgangspunkt fur
Existenzsitze und Losungsalgorithmen.
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E. EBERLEIN: Erzeugersitze und strikte Ergodizitidt von
Stromungen

Fiir meBbare Stromungen (Tt)teIR auf einem Lebesgueschen MaB-

raun (Q,%,m) gilt der folgende Erzeugersatz: Ist (Tt)teR
aperiodisch, so existiert ein abzihlbarer Erzeuger von end-

lichem Typ. - Wir geben zwei Anwendungen dieses Satzes an:

(1) Einbettung von aperiodischen Stromungen in den Raum der

Pfade eines stationdren Prozesses (xt)telR mit abzahlbarem
Zustandsraum. (2) Einbettung von aperiodischen Strdmungen in

ein metrisches Kompaktum von Lipschitzfunktionen. Die zweite ‘\.
Anwendung wird benutzt, um den folgenden Satz zu beweisen:

Jede ergodische Strdmung ist isomorph zu einer strikt

- ergodischen Strdmung.
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H. ENGMANN: Characterization of I%—contractions by inequalities

Given families x = {xk:keK} and y = {yk:keK} of (Bochner-)

integrable bounded random variables with values in a reflexive

Banac'h-Space‘ one can introduce functionals D;, D;,, Dx‘ D on .

special families of integrable bounded r. v. with values in

the dual of the given B-space such that the following holds.

Theorem: There exists a linear transformation T on the
integrable bounded r. v. with ll'l‘ll.I £ 1, 1Tl 1,
Tx, = ¥y for all keK

(pointwise)

1 1 :
iff D, )Dy and“ Dx z Dy
Similar statements for transformetions T fulfilling only
||Tﬂ1 < 1 or only NTl,<1 are given. The main steps for ' .

proving results of the above type are indicated.

H. FOLLMER: The representations of a semimartingale

Consider a real-valued stochastic process X = (Xt)t"o over
rd
a system (.l'l,}.z?.?__‘t ,P). Call it a semimartingale if

sup z;l:»] ‘Elxti- E[xtiml _F__‘ti” < 0 whexfe the supremum is
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taken over finite sequences O¢ to< .. <t Under some

- regularity conditions on (.Q,F F ) a .:.emlmartlngale X induces
a finite signed measure P~ con the G-field P of previsible sets
in ¢0,~]. This measure is used to derive some of the main
decomposition theorems for semi- and supermartingales. In
order to show how the measure enters into a refined analysis.
of the limit behavior of stochastic processes over (.Q,g,g‘t,P),
the following "boundary minimum principle" is derived: If
a supermartingale X satisfies X2z -l and lim Kt; 0 PM-a S.,
where M is a martingale 2 O, then we may conclude X =0.

P. GANSSLER: Zur Konvergenz erpirischer Verteilungen

Es wird dariiber berichtet, wie sich mit Hilfe eines
Charakterisierungssatzes fiir/u-uniforme Klassen €c o (bzgl.

der mengenweisen Konvergenz von MaBen /.xeca+(x,u4)) bisher
bekannte Sitze vom Glivenko-Cantelli-Typ wiedergewinnen lassen,
sowie das folgende Resultat (von W. Stute in Bochum):

Sei pe ca+_(\Rk,’(Qk) so, daB M« fi;®...8 u, fir geeignete

by € ca+(lR,(B), dann gilt: Ist (fn)nel\l eine Folge unabhéngiger
identisch verteilter zufdlliger Variabler_ fn:Q»B iiber
einem W-Raum (Q,F,P), so folgt:

P, ({weQ: lin(sup | paee) = m(edh) = o} -

n-»oo éfk

' (Dabei bezeichnet Cy die Gesamtheit aller konvexen Borelschen
~ Mengen in le /u die zu f (w),...,f (w) gehdrige empirische
. . Verteilung und Px die zu P gehorige innere Wahrscheinlichkeit)

F. HAMPEL: Robust  estimation

The statistical theory ‘of robust estimation déals with
problems arising from the observation that stochastic models,
when applied to real data, hold only approximately rather
than exactly. To take a comparatively simple example, the
assumption of normally distributed measurement errors,
leading to the method of least squares, was introduced by
Gauss only to let the arithmetic mean ‘appear optimal. More-
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over, the central 1limit theorem as well as experience suggest
only approximate normality, ahd Tukey has shown that even
slight deviations from exact normality lead to considerable
deterioration of arithmetic mean and standard deviation.

Huber and the speaker developed various theoretical approaches
yielding robustified maximum likelihood estimates, in which
outliers either "brought in"'or eventually even "thrown out" '
in theoretically optimal and practically very successfull ways.

H. HERING: Markov branching processes with an arbitrary set
of types

a .
(X,&) any measurable space, (X,00 corresponding populatlon
space, (xt,Pa) a homogeneous Markov branching process in X,®.
For every bounded, Ol-measurable, real function % define g(x) =0
if ®=0.(0 denotes "the empty population"), E(x) ZE g(x ) 15
P 1 t
RedRyye a0}, yeX, n»0. Suppose that ¢=1lim, (supxex <x>{( %))

x)'f(xt> e 00> 0, ¢'[E,, §(%) - ‘f[E]’ ¢lel=1,

supxex (x)g(ﬁt) gt((;“[gl q(x)\ =0(a® ), %<g, t>0. ‘Then it can be
_proved under conditions compatible with diffusion branching.

models and involv1ng moments of at most second order: Ifg<1,

then limt_’m ¢ PR, A0)p HR), limg ] ('xA(&t) =n,,v=1,..,n|X #0)

=P (XA( ')=n,,v=1,..,n), where Y>O L indicator function of

Aen, P* a probability measure on m.not depending on %. If ¢= 1
"+ and P«(1(xt) =const > 0)=0, then limg tPA(xtAO) ?(x)¢a and

lim  Po(t” qXA(xt)zyv,v-1,..,n[xt#0) =1- exp{ (YS%4)min1‘v<n

(3 /"L, D} » where %30, Ai 5=8; 5410 UL q A;=X, and p=
(720) ¢ (., [((%,))° («f Y(%,))] =const> 0. If ¢>1, then
Eg|§ §(xt)-tf[§1W|2=(1(x))20(3t), P&(limt_mq‘tg(xt)=cf“[g]w)=1,

~where B<1 and the distribution function of W has a continuous
density except for a possible jump at O.

H. HEYER: Einbettung stark wurzelkompakter W-MaBe in Halbgruppen

Das Thema ist der Wahrscheinlichkeitstheorie auf algebraisch-
topologischen Strukturen zuzuordnen.
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Es wird ein halbgruppentheoretischef Zugang zunm Problem der

- Einbettung von® unendlich teilbaren WahrscheirlichkeitsmaBen -
in vag stetige Einparameter (Faltungs) Halbgruppen vorge-
stellt, welcher gestattet, die klassischen Einbettungssitze
fiir stark wurzelkompakte W-kiafe auf beliebigen lokalkom-
pakten Gruppen'zu verallgemeinern.

L. JONES: A generalization of the main ergodic theorem.

Theorem ‘Let T be a 11near operator from X into X where X is

. any linear space in the world. Suppose lT x} is a condltlonally
compact set in the weak topology of X for each x&X. Then if .
oy is any strictly 1ncreas1ng sequence of-integers of p051t1ve
lower density, T n= —21 8 behaves in the limit, for each x,

as if the space X were finite dimensional.

D.A. hAPPOo. Generallzed probabllltv with applications to
the guantum mechanlc

The probability theory is inadequate for the descrlptlon of

a quantum mechanical system X’ma1nly because the statements

(events) of such a system ¥ fail in general to form a Boolean.

G-algebra. The algebraic structure of the logic L(¥) of ¥ is

supposed to be an orthomodular &-lattice isomorphic to the

lattice £(H) of all closed subspaces of a separable Hilbert

space H. Such a logic is introduced first and studied by

J.v. Neumann. A generalized abstract probabilistic formulation
‘ . of this theory is due to G. Bodiou, V.S. Varadarajan, S.P.

Gudder.’ , ‘ ' . o

‘We can introduce over & the concebt of ‘a random variable in

the same way as in my book "Probability algebras and stochastic

spaces" (Acad. Press 1969). .

M. KEANE: Random walks on locally compact groups

A year ago I gave a lecture in Oberwolfach at the probability
meeting on random walks on nilpotent Lie groups. This yeaf a
survey of known results on recurrence and renewal of random
walks cn locally compact groups was given. In particular, an
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example of a 2-dimensional Lie group with no recurrent random
walk was stated, and new theorems on recurrence and renewal
in the solvable Lie case, due to Y. Guivarch and myself, were
presented. The following problem remains open: If G is a
locally compact group with normal closed subgroup H such that
G/H is compact, is the existence of recurrent random walks

on G equivalent with the existence of recurrent random walks
on H-?

D.G. KENDALL: Bunting the neolithic "quantum"

It has been suggested that some of the principal linear
dimensions of the neolithic monuments of Western Europe are
integer multiples of 1.66m..I have carried out an extensive
test of this, using an amalgam of techniques: the spline
transform, Monte Carlo, the empirical characteristic function,
and modern likelihood theory. The results lend a modest degree
of support to the "quantum hypothesis". The techniques are

of very general application, and pose difficult problems in
stochastic process theory.

D.G; KENDALL: Teaching "model building" in Cambridge

. Some two years ago a number of us ak Oberwolfach agreed to

experiment with the teaching of "model building" to
mathematicians, and then to report our experiences. This

- I am now ready to do.

K. KRICKEBERG: Statistik von Hyperebenenprozessen

Sei G lokalkompakte abelsche Gruppe,mit abzdhlbarer Basis,

Z ein von 2.0rdnung stationdrer Punktprézeﬂ in G, beschrieben
durch die Anzahl 2(A,w) der Punkte, die bei der Realisierung w
in Ac G fallen. Das 2.MomentenmaB v von Z, definiert in 62
durch v(AxB) = E(2(A)2(B)), hat dann die Darstellung

V= 1T+ GSthK(du), wobei T, Bild des Haarschen liaRes T in G
vermdge der Abb. x+(x,x+u) von G in Gz, K Radonsches HMaB in

G. Die Aufgabe ist, die Intensitdt r und das Spektrum, d.h. die
Fouriertransformierte % von K, als MaB auf der Charaktergruppe

-8 =
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G zu schatzen. Diskutiert werden folgende Spezialfé]le:
1) G = S,, die Rotatlonsgruppe des Einheitskreises, d¥ =
(ew)”~ 1dx, also G die additive Gruppe der ganzen Zahlen vermoge
der Identlflélerung no»(x»velnx) - 2) G = R (add. Gruppe),
dvt = (27)’1/2dx. - 3) G direkte Summe Reasq, also G = Re N,
Dieser Fall ergibt sich bei der Untersuchung gerichteter

' Geraden in der Ebene, die durch Parameter p (Abstand vom
Ursprung) und & (Winkel gegen die Ordinate) dargestellt werden.

P.A. MEYER: Some new results in the theory of Markov processes

. Let Xt be a Markov proce.ss which satisfies the "right side"
hypothe31s, with (P ) as transition semigroup, M a homogeneous
closed random set in 10,{x0. One sets D(w)= 1nf{t>0 (t, w)‘L}
¢, (x,£)=E*[£X, ,t<D], -{x.Px{D-o}_1}, Ds_lnf{t>s.(t,u)em}.
Let k™ be the set of all left endpoints of contiguous intervals:
One splits M~ into two parts, the interesting one being Ly =

q {X eF} In their recent paper "Last exit decomposition and

distributions" Getoor and Sharpe compute sums of the following
kind: -

D) EM[ 3 2, P X eP¥n.x du ], 2, right continuous

sely

and adapted. Their main result being as follows: their exists

a continuous additive functional (A ) carried by F, for each

xeF an entrance law (unbounded) ?(x, ) for (?t) such that,‘lf

one sets ¥ (x, )= 5 -pb(r (x,+)ds then (1) equals

(2) Er[j 2. (X h)aA, ) . It is shown how the equality of
. xind (1) and (2) can be extended to compute sums of the kind

Ef[ééh*’ZsC°Os} = E [S zg > b[C]dA ] » using the new theory

T
of Lévy systems, due to Benveniste and Jacod,-and'the theory
of the "incursion process" due to Maisonneuve.

. F. PAPANGELOU: On the conditional intensity of point processes

Given a point process in a locally compact, 2nd countability,
Hausdorff space T, let N(Q) be the random number of points the
process throws in Q angd E(N(Q)l?@c) the conditional expectation

-9 -
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of N(O) iven the ¢-field of events.occurring in Q . Suppose
A(1) A2 ... is a sequence of countable partitions of T, each
consisting of bounded sets and such that: (i) every element of
XP) 55 5 finite union of elements of ™) and (41) for every
xeT" and every neighbourhood U of x there is a Je U°° AN
such that xe JecU. Theorem: If E(N(Q)2)<oo whenever is
bounded, then for every IeUr?, A(n

o S BN Fe) = WD)
n-»co Je A", JcI

exists a.s. and in the mean and determineb a random measure
in T, Further E(W(I)]T c) = E(N(I)ITIC) Y-

A second theorem states necessary and sufficient conditions
for a stationary line process with finite variance to be a
doudbly stochastic Poisson process.

W. PHILIPP: Empirische Verteiiungsfunktionen und Gleich-

verteilung mod 1

" X,,X,,... Folge unabhiingiger Zufallsvektoren im R", alle

gleichverteilt auf [0,1]T, ¥ eine Klasse meBbarer Mengen
5c[0,1] T, A(N,S) Anzahl der Indizes n<N mit X €8, Dp(¥) =
supg, pINAN,S) - V(S)|, wobei V(S) das L-MaB von S ist.

Es wird ein Gesetz vom 1t((er:§erten Logarithmus in der Form
. N D(¥ :

= 1
WVZN log log N E}

" P { lim Supy,,

besprochen fiir verschiedene Klassen ¥ .

Weiter werden S&tze vom Bérry-Esseen'schen Typ besprochen.
Fir r=1 gilt z.B. folgender Satz: F(x) nicht fallend auf [0,1]
mit F(0)=0, F(1)=1 und G(x) mit G(0)=0, G6(1)=1, | 6(x)-G(y)|=
M|x-y| fiir alle O<x,y<1, dann gilt fir jedes genze my1

B AR CO I SR DIEJCORIEN]
LX< .
wobei ¥®(n) = os exp(2rihx)dF(x) und G(h) analog. Fir r»2

_glilt ein analoger Satz.

- P, REVESZ: On the limit theorems of the Robbins-Monro process

DFG

Let M(x) be a monotonically increasing function with M(Q)=0.
Our aim is to find the root ©, when we can measure the value
of M(x) only together with some random error Y.. Let X, be an
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arbitrary initial point and construct the seguence xn+1'kn—nzn

where 2 =M(X )+Yx - The sequence X will be called Robbins-

lonro process. Under some conditions Chung has proved that the
limit distribution. of Vn(Y -0) is normal law if h'(G)?'? e
investigate the limit properties when M' (9)‘ 1 . The moments
of Xn are also studied.

M. SKOINICK: The construction and analysis of genealogies

Three aspects of the above problem were briefly discussed..

A method of constructing genealogies, and the nature of the
resulting male descent groups for Parma Valley, Italy was
presented (see Skonick, Moroni, Cannings, and Cavalli-Sforza,
1971 and references therein). The possibility of analyzing
such a process as a GaltonQWatson process with dependence
relationships was discussed. A second approach was mentioned -
computer simulation of human populations (see Skolnick and
Cannings, 1972). Results from these simulations with impli-
cations for possible mechanisms of population regulation and
social.stability were briefly mentioned. The third aspect
discussed was the need for probabilists to construct analytical
models which could generalize the results obtained from
simulations and data-analysis.

M. SMORODiNSKY: Classification of measurable transformations

. X=(..,X_%Gn),xo(w),x1(u0,..) stationary process, def. on its

path space, T shift transformation, i.e. Xn(Tu0=Xn+1Gu). Given
T we can produce back stationary processes by taking any
measurable Y, and Y (w)= =Y(T™). F(2Z) denotes the sub-s-field
generated by Z, '?n(Y) =¥(Y,, n+ﬂ"’)’ DT(Y)=T(Y TS S 4s--)-

Y is not predictable from itb past if YO is not measurable T

X generates a Kolmogorov (K) system if no Y is predictable from
its past. It is enough to check that X itself has thl: property
(Rokhlin,Sinai). Equivalent conditions are: Tail(X)= (p T2 is
trivial or T(Xq,..,Xm) is asymptotically independent of Tk g
k=eco, If X is i.i.d. it defines a Bernoulli (B) shift and Tail(X)
is trivial. For every C<hc<co there is one such system (up to
isomorphism) (Ornstein). If X is an irreducible Markov process
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(finite state) then it is isomorphic to a B-shift if it is
mixing (Friedman,Ornstein). If not, then it is isomorphic to a
product of rotation of finite number of points with a B-shift
(Adler, Shields, Smorodinsky). Since Ornstein constructed a
K-system which is not a B-shift, the main problem now is to
further classify K-systems.

P, TAU"U A note on Savage's aure-thing principle in treat-
ment decisions

i. Savage (1954) has defined the sure-thing principle as a
condition of rationality for an individual faced with a set

of alternatives. This note is concerned with a medical
(therapeutics) application of the expected-utility theory

in Savage's formulation. It is supposed that many medical
decisions are under uncertainty. - Consider a weak preference
pattern Ol= (-ﬂ- 1!‘,1) , where # is the set of actions, T is a
binary preference relation ‘and T an indifference relation..

The preference dec181on structure <{¥, ¢ AT” is associated with
a QP-structure <¥,8,W> where ¥ is the set of states in the _
world, & is the algebra of subsets of ¥, T a preference relation
between two events A,Be¢¥, and € the set of consequences. An
action: fedils defined as a function attaching a consequence
aclto each state of the world se¢¥ . The sure-thing pr1n01p1e
asks for an induced conditional ordering on # and an induced
order on ¥ (Savage's postulates 2 and 3).-

A medical example is presented and discussed.

P. TAUTU: Discussion on model building

1. Outlines of possible mathematical models in cancer research
are presented. 2. Different types of mathematical models
(deterministic, stochastic, algebraic, combinatorial, etc.)

in biology are briefly discussed. 3. The problem of the

" parameters of stochastic models (e.g., the lalthusian para-~

meter) is pointed out. 4. A schema of mental processes in
scientific research is produced.

- 12 -

Deutsche
Forschungsgemeinschaft

o




‘ F. TOPS@PE: Compactness and tightness in '\’s‘it(x), .a_survey

Definition: X is a Prohorov space if ¢ ZH;‘(x;t) is relatively

compact if and only if ‘¥ is "tight" (Y. 3 ¥ PE>1-¢)

3
€ K compact ?e?®
- in X
It will be natural to devote most of the time to the latest
results on the class of Prohorov spaces, in particular to the

fascinating results of David Preiss, Praguec.

U. Déring (kainz)
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