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Tagungsbericht 13/1971

Wahrscheinlighkeitstheorie

21.3. bis 27.3.1971

Auf der regelmidBigen Tagung~ﬁber Wahrscheinlichkeitstheorie, dies-
mal geleitet von Herrn H.Dinges, Frankfurt/Maln, wurden Ergebnisse -
aus folgenden Gebieten der Wahrscheinlichkeitstheorie vorgetragen
Konvergenz von MaBen, Grenzwertsdtze fir spezielle P:ozessg,
Martingéle, Markov-Prozesse, Statistik, Ergodentheorie, Fluktuations-
theorie, Grundlagen der Wahrscheinlichkeitstheorie, Konstruktlon
stochastlscher Prozesse.‘,

Einige Vortrage waren als Uberbllcke Uber die Forschungen des be- -
treffenden Gebietes. in. den letzten' Jahren angelegt. V
Auch auBerhalb der umfangreichen Vortragsrelhe fand ein lnten51ver

Gedankenaustausch statt._
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' Vortragsausziige

S Jd. Azema Redultes de surmartlngales

'ijOn deflnlt différentes notlons de redultes pour les surmartin-.
.gales potentlel. Le point de. vue enV1rage a des appllcatlons

- en ce qui ‘concerne les processus de Hunt. On peut a1n51 demon— o

trer un theoreme de balayage pour les redultes exterleures et

"donner une 1nterpretat10n probablllste au balayage des fOﬂCth-

' nelles addltlves._”

TL Boneva/D G. Kendall Spllne transformatlons 1n statlstlcs‘

.f'_Presentatlon( through examples, with lantern slldes ) of three

'-1j_new techniques for the diagnostic 1nvest1gatlon of the proba-

‘ b111ty den51t1es in one or two dimensions generatlng data

.. whether grouped (as hlstograms) or not.

JrW Bﬁhler"Reiationship struéture'in»branehing'processes,

" For supercr1t1ca1 branchlng processes-— under mild restrlctlono

"7ﬁ]on the offspring. dlstrlbutlon (with mean m)l) and the distribu-

"'._tlon of life lengths - the generatlon of a random individual’

oF

‘alive at, t1me t tends to be N(mt,mt). The generation of the last“

"common ancestor of two 1nd1v1duals has a 11m1t dlstrlbutlon

’Thus thelr degree of relatlonshlp - i. e. the length of the path
jolnlng them in the famlly pedlgree - is asymptotlcally ’ .
_N(2mt 2mt) . If we trace .an 1nd1V1dua1 s ancestry back by time s

‘,:we go L generatlons back and obtain D relatives whose last

-"rancestor common with’ the f1rst 1nd1v1dua1 was a11ve at time t-s.

‘We have L, ~ N(mt mt), P(D -m-Dtgyy Z —F— F &6y |
(m 1)t

where F( 5 is ithe i-th convolutlon of the d.f. of W llmZ(t)

'-Slmllarly going back by n generatlons,'l e. by time T » we have

;»T is- asymptotlcally normal and

i

: 0 if ‘b< (m-1)/m
D £x) =4 1/2 if b= (m-i)/m .
;- 1 1f l))(m-l)/m't .

(All formulae glven are for the Markov1an case, the results
. -
’ .II .

-lim'P(e'_bn
'néoo
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H. Dinges Laws of large numbers

.Let (e, P)be a&-finite measure: space and y1,y2,..., pl, pz,..._
tlntegrable random varlables, p; 2 0 such that o

jh(yla yza--a Pqs Pza..)dP J\h(yz, y3,.., p2, p3,_,)dp _
‘for every p051t1ve subllnear h on P x R ; then- o

@) Yqr Y, Uty
Pyt Py+ " +Py

'c0nverges.(to a'function'ysay).a{ea,l

b)"b—‘“yfo-...#-y —'\rv(Pl‘*‘"""Pn)ldP ——) O
.o : {7-1’ R, .
_The analogy to the 1nd1v1dual ergodlc limit theorem and the

"equlvalence of a) to the Chacon-Ornsteln theorem were explalnedL

- 1n the talk.'

“fiL Dublns Inequalltles for stochastlcgprocesses-

'ifor sultable classes of stochastic processes, it is. often pos—'f
A'81ble to obtaln bounds, sometimes sharp, to the probabllltles ':
'fof various events. The vehicle for obtalnlng these 1nequa11t1es:u
- are the elementary propertles of semlmartlngales, thet 1s, the -
?‘elementary properties of subfair gambling strategles.

! ‘

- R. M Dudley Metrlc convergenCe of - probablllty measures

" ~ Let 3 be the Prokhorov metrlc for! probablllty measures and - ﬁ

the "BL norm" metric defined by - 2t ' _
Bly)i= sup { | T4 d(u=)]: ¥x, ga;z,l{ml —‘-”—"—‘—’—'54}

, We con31der the speed of convergence in known limit’ éﬁeorems..
Flrst let Xl’ X2,... be 1ndependent identically distributed
random varlables with values :in R N ElX I<1X’,_EX1‘- 0,

M= LKk +X /nﬂ)_,lso that pe —> & weakly. If ElX| t < oo,

\thenggl ,lu) = 0(m2+t) and far every €>0, 3(/1-,‘,/“) 0(11_1—'6)

_Here the powers (1- t)/(1 t) and (1-t)/t are best possible,

~ accordingi to results of L.Baumcand M.Katz (1963),.D.L.Hanson

_and others (1966, 1869). ' -

Secondly let X(t) be a standard P01sson process, O<t<1, and let

"X (t) Z: Xp3 where X nj are 1ndependent Pr(X J-1) = % =
= 1 - Pr(X 3-0) Let & be the space of functions on fO 1] w1th

at worst jump discontinuities w1th the’ metrlc as deflned e.g. 1in
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v~R.M.Dudley: Binomialltests for gOodness of fit

~ Q be an unknown probablllty for whlch we observe a sample

‘integer t 9 0, Pr(kj)t) = E(t »115Ps DIRE E: (*)P,qﬂ_where g=1-p.
" Let E = m1n E(t,n,pj) and define an integer: tj bykE(tjr%,ngpj);)j

v ~ . o J .
- Then wevdefine the E-test thus: we reject the hypotheges P Q at

- :E: E(t »N5Py ) which in case p. = 1 51mp11f1es to mE(K n,—)
1K1:4max k.. There is a SYmmetricalmtest (B- test) for the lowerah
» deV1a%10n k <np. using lower blnomlal ‘tails. The two’ tests canﬂjd
be . comblned 1ntojthe EB-test where we consider the least pro-fl-fﬁ
_bable deviation of kJ from np] Binomial - probabllltles ‘can . pre-plf
;sently be calculated much more - accurately than the true probablf.j
:lltleS needed for the X 2 —test. o : i s

 H.Engmann: Existence of Li—contractlons maklng glven random -

Deutsche
Forschungsgememschaft

Bllllngsley s book. Theng(L(X ), L(X)) = 0( ) # o( Ly and -.'_
equally P(L(X ), L(X)) ok =) # o(= 1y, S o

Let (S,%) be a measurable space decomposed as s L’AJ, AJ dls-,'v

jOlnt in .. Let P be a known. probablllty measure. %n (S,%) .and letﬂi

Xl,..,,Xn; the_X are independent with L(X ) Q To test the"*
hYPOtheses P = Q , we consider the dev1atlon of k], the number

of X, in Aj, from the P- expected number nP(A ) = np. For any
™=t

Ez.E(t‘j,n,p]). Let Us be the event_tjé.kj and let U = U u..

the level s (e.g. s = .05 or .01 or .001) if Pr(U)< s (on the .
hypotheses P). It is possible to estimate<Pr(U) w1th1n 32/2 by

varlables admlss1ble .

i "'i

.:If yl, y2, . e} p1, p2,... are nonnegatlve 1ntegrable r. v. on a ';;
6 flnlte measure space (nﬂth) the follow1ng two statements are mﬁ

equlvalent : ' : : ' ..
( l) S H(yl, y2,-o, pl’ p2,on)dp>, _I\ H(y2, Y3,oo,-p2’ p3,oo)dp
. lfH(S 1 ! 230009t1’ tz’-o MC‘\('%N?eI (Q.....J J .-“' a))?yo

with [ n’ ‘t r'eal, mnj’ b r\3>/ 0, (M N {,h,+¢ cN AEN)

A{(ii): There is a sequence Ty Tyl ... of p081t1ve contractlons

of L (.ﬂ.HP) maklng y1, y2,..., p1, pz,...‘ admlsslble )
o(i.e. Ty, 13’yn; T Pno1€ Po)- T ETETE

i The result allows to replace the condltlons 1n the ratlo 11m1t

theorem of Cuculescu and F01as whlch make- use of contractlons ﬂff-

E 2
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by conditions on the joint dlstplbutlon of the y, and Pn “In
the case of the Chacon ratio limit theorem too an equlvalence
between the existence of the contraction used there and a pro-

. perty of the joint dlstrlbutlon of the random var'lables occurlng .

in the assumptlons of the theorem can be establlshed

..P.Géﬁﬁler: Zur Charakterisierung glelchgradlg 6 - stetlger

Famallen regularer Mafe

Ist X = (X,? ein topologischer Hausdorffraum und rca(X,¥) die
vj'Famllle aller reguldren, abzdhlbar addltlven, reellwertlgen auf .
‘ der Borelalgebra ?’deflnlerten Mengenfunktionen (reguldr: V’Ge. T
A ¥e>0 3 K kompakt, KCG, so dap I/.~(A)|<£ YAcG\W , 50 wird fol- )
- gendes gezeigt (G bzw. K bezelchnen i.f. stets offene bzw. kom-"
pakte Teilmengen von X) ' o
.Satz_ 1: Wlcrcalx, 0 ist genaﬁ' dann gleich'gr‘adig 6-stetig, wenn :
' eine der folgenden unterelnander dquivalenten Bedlngun-
gen erfiillt 1st "

@) ¥G A ¥e>0 :_{KCG,So daf> 9_pl,u-l(C\K)<e |
}Ac
) VAeT A ¥ero 3 KcA, sc daf P l,ul(A\K\<s

(u,c){(a) Y KA V"S_)O | G)K sc Jq's st—-’L‘i lu.l(G\K)< S_'
(0 ¥ e>0 IK, sedaf sep Il K)<e. |

A (iv) Fiir jede Folge paarweise ‘disjunkter KJ j e IN , ist
‘ lim (K ) =0 glelchmaﬁlg bzgl. neM
‘ T , N :
‘Bemerkung : (1v) impliziert die folgende Bedingung(v):

_ (v) Fiir jede Folge G]” jeN , reguldr offener Mengen mit paar-
L : ' o welse dlsjunkten abgeschlossenen Hiillen ist 11m (G:) =0

> vd
glelchmaﬁlg bzgl.me ML, T

! Satz 2: Ist X = (X,T) ein r_’egt_ll_'érer' Hausdorffraum, so impliziert
| ‘ : umgekehrt (v) j‘ede der Bedingungen von Satz 1, und fir
ne iy Teguldrer MaRe, filir welche die Zahlen-

jede Folge (/u )
flir jede reguldr offene Menge G konver- -

'folge (/u. (G))nslN
glert konvergjert (/~n(A)) neiN flir jede Borelsche Menge A
(und durch/.«. (A) := 11m m A (A), A¢ F , wird ein reguldres
Mafs/uo auf Tdeflnlert) B ' '
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G Helmberg Uber dle Umkehrung des Ergodensatzes von E. Hopf

R s seien T ein submarkovscher Operator in 1l (E,T, T bzw. dual :
in I°(E,F,T) und P,C,D resp. - der positive, konservatlve und f’

r_d1551pat1ve Tell von E bezugllch T und .
"‘Satz\}. Die folgenden Aussagen sind aqulvalent : ‘
T a) ¥hel” S lim = S ™n fau. | R
b) P=C und T*1, ' - - I
Satz 2: Die. folgenden Aussagen 51nd aqulvalent
' | v‘geLi =) w]_.)l;ﬂ —T%gT L f u.
4 b) ¥gel supp llmsu’}) = 1ZgT c P. _
‘In belden Sltuatlonen lassen sich dle ‘Grenzwerte ghnlich w1e bei ‘;

Chacon- Ornsteln_ldentlflzleren.

M.Keane: A classification of stationary measures on sequence spaces

shift- 1nvar1ant measures on sequence spaces is given and a con-
‘.structlon pr1n01ple, startlng from a "nlce" function g on the -
;'Sequence space, for an 1nvar1ant measurelﬂl which 1is ergodlc and
‘even strongly mixing under the shift. Applications and suggestlons
for appllcatlons were glven in the area of harmonlc analy51s,

.probablllty theory, ergodlc theory -and statlstlcs.

© . . By introducing the notion of a g-measure,q nharacterization of
\
\

'._K.Jacobs' Recent results in ergodlc theory ( a survey )

o O)‘Prelimlnarles; flows and mappings globally 1nvest1gated by ’-;‘.
’ :f'-measure-tneoretical, topologlcal‘ differential methods. Historical
B vsketch.'” - . ’ - o S B
"= 1) Measure- theoretlcal 1somorphy Ornsteln s result: Bernoulli and
_ “:even weak Bernoulll (1nclud1ng ergodlc finite state Markovian) |
j -; measures with equal entropy are 1somorph1c. Related toplcs
| L 2) Strlct ergodicity: Jewett's result: every weakly m1x1ng system -
f.can ‘1ive in a strictly ergodlc set. Krleger s exten31on to ergodic
| Llsystems w1th finite entropy Jacobs'_extens1on to the cont1nuous~v.
i | --;—t1me case. The comb1nator1a1 symbol sequence constructions of
.AThue, Morse, Kakutani, Keane, Jacobs, Grillenberger.
3) A* homeomorphlsms ‘Bowen' s result the number N of points of
perlod n y1elds lim llogN for the topologlcal entropy and, in case
“of . c- dens1ty, of exactly one 1nvar1ant probablllty which. glves a-

K- system."

. \
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transformations and flows. Let T be a nonsingular invertible and er-
godic transformation of a probability space (X, E,FQ. A partition

.Theorem 1 (Krieger): If T is measure preserving T has a finite gene-

.valent to g , then there exists a strong generator of size 2. Both
‘theorems can be refined in that ‘¢ can be required to belong,to an
-arbitrary exh%ustive sub-6-algebra G of F, i.e. a G with T GcCgG

obtain by other means. Astationary process (X, ) with finitely many

-ministic (completely nondet.) if the tim&-reversed process (X_k) is

.There exist stationary processes (X, ) with 2 states, the pathes of

'{th, n=0,£1,%2,...) (§> 0) is forward completely nondeterministic.

Midwestern Conf. on Ergodic Theory,Springer Lect. Notes Vol. 160.

Auf einer Markovkette, deren Ubergangswahrscheinlichkeiten von einem

4) Sinai's dispersive billard on the torus minus a finite number
of well disjoint strictly convex domains is a- K-flow, according
to Sinai's paper in the Uspekhi 1970. o :

U.Krengel:’Erzeugénde in der Ergodentheorie. =

This lecture was a survey on results of Krieger and myself on the
existence of finite generators for measure preserving and nonsingular

£ = A ,...,An} of X into disjoint measurable sefs A. is called a
genera%or if F-is generated up to nullsets by {Tkgl,kzo, t1,%2,..%
and a slrong genérator if F is generated. up to nullsets by{Tkg;K=q4lh“}
The existence of a generafor of size n is equivalent to the property ’
that T is isomorphic to a shift for a process with n states. The
process 1s deterministic if and only if § is a strong generator.

rator if and only if the entropy h(T) of T is finite. The smallest
size n of a generator is between exp(h(T)) and exp(h(T)) + 1.
Theorem 2: If T doesn't preserve any finite invariant measure equi-

such that { T"G, k=0,1,...} generates F:

Theorem 3: For flows { T, ,-co<t<eo} there always exists a strong gene-

rator of size 2 in an arbitrary exhaustive sub-G-algebra. )
Theorem 3 has probabilistic consequences which seem difficult to

states is called forward deterministic if X, s a measurable function
of (X y, X_45 X_55.+.), i.e. if the €-algebra generated by (X, X-l"')
is th8 fuil & ZAlgebra. This is the case if and only if the Past
tail @ -algebra £(~w) equals F. The process (X, ) is called completely
nondeterministi® if F(-e0) is trivial. (X, ) is“called backward deter-

forward deterministic (completely nondet.). It is known that (X))
is forward deterministic if and only if it is backward.deterministig.f
Theorem 3 implies that for continuous time the situation is different:

which have only finitely many jumps”in any finite time=interval, and
such that (X,) is forward deterministic, but backward completely non-
deterministi¢. Such a process (X,) has the interesting property that
(X, ) is forward deterministic, bﬁt every discrete subprocess

References can be found in my paper on generators in the Proc. of the

P.Mahdl;'Adaptive Steuerung Markovscher Ketten

unbekannten Parameter ol -abhingen, wird eine additive Ertragsfunktion
definiert. Als Kriterium fiir die Gilite der Steuerung wird der mittlere
Ertrag pro Zeiteinheit verwendet. Ist die Kette unzerlegbar, so 1liRt
sich jedem o¢ eine optimale stationire Steuerung Z(i;o) zuordnen (i be-
zeichnet den Zustand der Kette). Man nimmt eine.Schétzungczg s N=1,2,.

(insbesondere die Maximal- .

o®




Likelihood-Schdtzung) des tatsdchlichen Wertes ol des unbekann-
ten Parameters und bildet die Steuerung %(i'd*)‘ Einige Resul-.
tate zeigen, daR diese Regel im allgemelnen zZu guten Steuerungon

fuhr

‘ P.A.Meyer:’Applications of Ray”s resolvents

The_theofy of Ray’s resolvents (Ray”s paper, Ann. of Math. 1958)
has become very usgful in dealing with quite general Markov pro-

cesses. Examples of applicatidns to a right_continuous strong

‘Markov process X are:

sets by hitting times. of flnely open sets.

|

|

a) C T. Shih” s theorem on the approx1matlon of hlttlng t;meq of : .
b) Acc9851b111ty of stopping times: if T is a stopping time

such that either XT does not exist or Xq = Xq, then T is

accessible.

iD.W.MGlierr Fluktuationen konvergenter Prozesse

-Sei X

Xz,;.. eine Folge identisch verteilter unabhidngiger Zu-

17

‘fallsvariabler mit EX1 = 0, EX1 = 1. Bezeichne Ne die- (zufdllige)

Anzahl der n, fiir welche |n  (X;+ ...+ X )| >€ (>0) Fir €->ohat ;
£2N eine Grenzvertellung, dlese hat die chhte n

R IGEIEAORE @)l @ne ) [t @neN ) -2 74T r"r (t2q+1Y ) 5],

’ + - 172 =172t _ _#¢ B
hierbei bezelchnet fr(t) = (2/nt) erfclt die Grenz 2
d1chte des entsprechenden elnseltlgen Problems ,erfc(t)= Q— J e— 1 i s

‘ $ ist die Dlracsche Deltafunktion. f(t). stellt die chhte der Zu-

UFG

L(a,A) =

aund |

fallsvar:ablen~f ”WB&bthar’ die auf einem Wiener-Prozess B mit
P(B(0)=0)=1" deflnlert ist. Wesentlich fiir den Beweis ist d1e

Identltdt (” —l(l(s) g) '
is =
"-"P (“X-( -Ltts(m.-> B(0)+w ] e ) (a, X >}o’) :

welche von
T(x,)\:WF\L(,&?/S:“%Lu\l—R(O)‘q_KS (<4 )
erfullt wird. Ein analoger Grenzwertsatz gllt flir den Prozess der

CL

«aufelnanderfolgenden Mediane einer Folge von (1dentlsch) glelch—‘

maﬁlg vertellten unabhanglgen Zufallsvarlablen.
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A.G.P.M.Nijst: Conditional mean information and conditional

. . mean entropg

‘Let. (X ,R,P) be a probability space and let 9”0 and 32 be
sub—G—flelds of R. Then the concepts of condltlonal 1nformat10n
and COndlthDal entropy of’Rq with respect tofn. are well known.
Furthermore if T is a measure preserving transformatlon on
(X,%,P) and‘i is a measurable partition of X with finite entropy
.because of MacMillan’s theorem the mean 1nformat10n of - 9 is de-
fined as a a.e. and Ll—norm limit. Hence we can speak about the
concepts of. mean information and mean entropy of.g A definition
4of conditional mean information and condltlonal mean entropy of
_ - a partltlon g with flnlte entropy conditioning by an 1nvar1ant
‘ B &~ fleld is glven which generallzes a deflnltlon of Neveu. Some
:prcpertles of condltlonal mean informationand conditional mean
entropy are discussed which lead to a generalizaticn:ofta theorem

of Neveu.p

R.Pykef Constrﬁctions of a.s. convergent stochastic processes

A.sarveyvcn‘tne literature on ccnstructions of partial-sum and‘}'
‘empirical processes’from Brownian moticn.-The implicit construc-1

tions of Skorokhod Dudley and chhura were reviewed, as well as’
_nthe expllclt constructlons made possible by methods- of several
'authors for stopping Brownlan motion to give spec1flc distribu-
‘tions. Assumlng fourth moments, refined constructlons are pro- -

" ~ vided by Strassen(1967) and Kiefer (1969) Generalizations to

.multldlmen51ona1 state and/or parameter spaces were con51dered
'1nd1cat1ng the exten31ons of Strassen s L.TI. L to the latter case.

i

" J.P.Raoult: Lebesgﬁe-decomposition'cf sequences-of measures

Let be given’a seQuence (@ ZL)) of measurable 'spaces and, for
~every n, two€ -finite 81gned measures, M and ¥ . We say that

-~ the sequence (F’) is, w1th respect to. the sequence (» ), contl-

guous if and only if
(Fer0)(Fn>0)(INEN) "L>N)(VA“€C¢») [ 1> I(A )«»L—> lumlM“\%J
asymptotlcally orthogonal if and only if . :

L [t C .J(CA,‘)+ 130 (AT = o

() | medns tdrat” varlatlon
We_study.exlstence and unlqueness, belng glven a sequence :

DF Deutsthe
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i'vx1mately ga$851aﬁ.

- 10 -

((Q. ’fﬁ VR )), of a couple (gu;) (ﬂﬂ)) of sequences of ‘mea- s

sures such that for every n,/ﬁn /*n */»n ~(fJ) is contlguous
to (V ), (ﬂ") is asymptotically orthogonal to (y ).
A topologlcal necessary and suff1c1ent condition of ex1stence

of such a decomposition’is given. We also glve a sufficient con-

dition, using'probabilistic,tools..

B.Rosén: A central limit theorem for sampling with unequal

probabilities

To each item s, s ;_1,2,.;4,N,'in avcollection is associafedav
Varia%e'value asfand a draw probability proportionate P - Items

are drawn one after the other without replacement, so that at

" each draw the probability of drawing item s is proportlonal to
eps if item s remains in the collection. Let Z_ be the sum of the:
variate values in a sample of'size n. Approximation forﬁulasA

‘were given for EZ, and cov(Z ,Z2 ). ' Furthermore the joint distri?

bution L(Z s L yeaey Zn ) is, under general condltlons, appro- .

R d

o C.L.Scheffer: Limits of projective systems of compact Hausdorff

spaces connected by submarkov stochastic kernels

Let (Xi°Pij)i be a dlrected progectlve system of compact spaces,

ﬁ'where the_Pij are continuous submarkov dispersions. Let D be the
category of-Hausdorff spaces with continuous submarkov dispersions
- as. morphlsms ’ A '
Theorem: The projective 11mlt-{P X - Xi} I of such a ppojective»'
system always exists in the category D. The space X is

'either compacf or locally-combact;,it is compact iff one

has sup 1anIP i3 1;0> 0 5 in particular X is compact if
all t%e'ﬁ are markovian.

‘K P. Schnorr Vertellungsunabhanglge Invarlanzelgenschaften

_von Zufallsfolgen

“Sei K(f”A) .die Menge der ollektive im Raum der unendlichen bi-

ndren Folgen zum W- MaB/p und zu der abzahlbaren Menge A von Aus

wahlregeln. Ville zelgte 1937, daB es 1n Kgqu) stets Folgen gnbt,.
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'welche das Gesetz vom 1ter1erten Logarlthmus nicht erfullen
Dennoch 1&Bt- sich der von Mises) sche Ansatz harmonisch in die
neuere Theorie der Zufdlligkeit (Kolmogoroff, Martin-Lo&f
Schnorr) einbetten. Die von Mises”schen Kollektive in der
Church’schen Prézisierung erfiillen gerade alle effektive Zufalls-
gesetZe exponentieller Ordnung. Dies sind fir den Statistiker
dieAnichtigst n Zufallsgesetze. Dagegen ist dasAGesetz_vom ite-
rierten Logarlthmus nicht von exponentieller Ordnung Indem man
den Begriff der Auswahlregel erweitert, kann man Zufallsfolgen'
durch verteilungsunabhdngige Invarlanzelgenschaften charakter1;
.Siefen Der von Mises”sche Ansatz liefert somlt eine von mehreren

aqulvalenten Definitionen von Zufallsfolgen.

"le.H,Simons: Backward Markov processes 1nduced by a measurable

:non51ngular transformation

P written to the ieft of a function-denotes a (sub-) Markov
_opefafor in ﬁ”(X;RW#), or its extension to the classlMF(X,ﬂqu of .
nonnegafi9e33fmeasursble funcfions; P written to the right of a
fuanion-denotes the corresponding (sub-) Markov operator in
L (x , \,,/x) or its extension to M¥(x '?il,/A) If /;o,,,,u.,/ao'c‘—'finite,
‘:then there ‘exists a Markov operator R“ acting from t= {{to t=0
if and only 1f,u P. is &-finite, and in that case f},‘_ = 'u"( Q—g‘—a/‘%)l,))
~ for all f € MT (X,Ryp) . Let T be a- nonn81ngu1ar measurable trans- :
A o v"formatlon on (X,R,n) and suppose/¢ e-finite on (X, T R) Let P be
‘_ ' ,' : the for'ward process associated with T ( Pf = feT for fe M ). |
' fThe mapplng P 5 h = éﬁ i/d4;&1 is a one- to-one mapplng of the
' class of all bgckward prooesg%s7355001ated with P and the class-
of functlonsluebi for which h> 0 and Epn- 1mn = 1. Moreover

£p¢ s LT h(foT) for all f € MY . If u(X) = 1, T ergodic
ol
measure p;eserv1ng, then PS is d1551pat1ve, unless PS = E;:.

Fo | | e

F.Topsoe: Measure spaces connected by correspondences

' §: XY - is-a correspondence if f(x) for each x, is a nonempty
subset of Y. When X and Y, assumed to be topologlcal spaces, are .
provided with measures/4 wv,q‘respectlvely a notlon of measure:
preserving correspondence p: X=>Y was. 1ntroduced QM(? B)<fQB‘<'
</c(y B), Bc Y). This notion was studied ‘in detail for upper
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‘semi-continuous and compact-valued correspondences. A theorem -

aiming at the construction of stochastic processes - on existence -

. of projective limits for projective systems of measure spaces’

. connected by correspondences was announced. .

"H Walk Wahrschelnllchke1tstheoret1sche Methoden bei. der

-Approximation durch lineare positive Operatoren

Zundchst werden auf wahrscheinlichkeitstheoretischem Wege der
Korowkinsche Satz filir lineare positive Operatoren (mit einer
geringen Zusatzvoraussetzung) und ein weiteres Resultat beWiesen.

Dabei ergibt sich, daf eine vom Veffasser'angegebene hinreichénde“

Bédingung.zur Erfassung unbeschrdnkter Fuhktionenvf in S&tzen
Korowkinschen Typs bei f2>. O auch notwendig ist. '

Fiir, eine unter verwendung von Zufallsvariablen definierte Klasoe
llnearer positiver Operatoren werden asymptotlsche Gliteaussagen
(bei der Existenz links- und rechtsseitiger Ableitungen) mifge? '_'{. |

teilt und als bestméglich'erkannt, ebenso gleichméBige Glteaus-

- sagen mit Hilfe eines Stetlgkeltsmoduls, hierbei wird eine asymp—

totisch beste Konstante ermlttelt "Hilfsmittel sind. zentrale.

'[Grenzwertsatze, 1nsbesondere eine von Feller 1968 angegebene Ver-'

allgemelnerung des Satzes von Barry- Esseen.

H. Engmann (Frankﬁu%)
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