THE Ajl\CTNALS
Q
MATHEMATICAL
STATISTICS

FOUNDED AND EDITED BY H. C. CARVER, 1930-1938
EDITED BY 8. S. WILKS, 1938-1949

TuE OFFICIAL JOURNAL OF THE INSTITUTE
OF MATHEMATICAL STATISTICS

Contents

PAGE

Embedding of urn schemes into continuous time Markov branching processes and re-
lated limit theorems................ KrisENA B. ATHREYA AND SaMUEL Karnin 1801

A delicate law of the iterated logarithm for non-decreasing stable processes
Leo Breman 1818
On a general class of designs for multiresponse experiments...... J. N. SrivasTava 1825
On dominating an average associated with dependent Gaussian vectors
S. C. ScawarTtz AND W. L. Roor 1844

On the distribution of some statistics useful in the analysis of jointly stationary time
LTS o 1< < TR T Grace WaHBA 1849

Contagion in stochastic models for epidemies...................oe GracE Lo Yana 1863
Sequential compound estimation.................. ... Dennis C. GiLniLanp 1890
Optimal stopping for functions of Markov chains........ ALBERTO Ruiz-Moncayo 1905

Robustness of some nonparametric procedures in linear models. .PranaB KuMar SeN 1913
Some integral transforms of characteristic functions. ...G. ANDERSEN aND T. Kawara 1923
On PSEUAO-ZAIMES. . ..ot eeetst it is ettt eiaseins ALFrREDO BaRos 1932
On the cost of not knowing the variance when making a fixed width confidence interval
GoORDON SIMoONs 1946

for the Mean . . ... .. ittt eaii e
Sequential selection of experiments......................c..o.o..s K. B. Gray, Jr. 1953

On the admissibility at o, within the class of randomized designs, of balanced designs
R. H. FARRELL 1978

Further second order rotatable designs
NorMmAN R. DrRAPER AND AaNES M. HERZBERG 1995
A treatment of ties in paired comparisons. .JAGBIR SiNGH AND W. A. THOMPSON, Jr. 2002
Convergence rates for probabilities of moderate deviations..James AVERY Davis 2016

On slippage tests (II)—Similar slippage tests
Irving J. HaiL, Akio Kup6 anp NENG-CHE YEH 2029

Asymptotic shapes for sequential testing of truncation parameters. .GIpEON ScHWARZ 2038
On the distribution of the log likelihood ratio test statistic when the true parameter is
‘near’ the boundaries of the hypothesis regions.............. PauL I. FepER 2044
Information and sufficient sub-fields............ ... ..ot S. G. GHURYE 20566
An extension of Paulson’s selection procedure. .. ... D. G. HoeL AND M. MAzZUMDAR 2067

Nonparametric ranking procedures for comparison with a control
Hasees Rizvi, MiLtoN SoBEL aAND GEORGE G. WoobpworTH 2075

Notes
On a theorem of Skorohod . .........coviiiiiiiiiiinii s Lester E. DuBINs 2094

On recent theorems concerning the supercritical Galton-Watson process
E. SENETA 2098

Randomized rules for the two-armed bandit with finite memory..S. M. SaMUELS 2103

On a limit distribution of high level crossings of a stationary Gaussian process
CLirFrFORD QUALLs 2108

The distribution of Galton’s statistics. .SHULAMTHE Gross AND Paur W. HoLLanp 2114
Arbitrary state Markovian decision processes............... SueLboN M. Ross 2118

On the local behavior of Markov transition probabilities
Davip BLACKWELL AND DaviD FREEDMAN 2123

Continued on back cover

Vol. 89, No. 6—December 1968

Institute of Mathematical Statistics is collaborating with JSTOR to digitize, preserve, and extend access to
The Annals of Mathematical Statistics. IIKOIS

®
www.jstor.org



THE ANNALS
OF MATHEMATICAL STATISTICS

Subscription Rates. Current issues are $30 per volume (six issues of one calendar year)
in the U.S. and Canada, $22.50 per volume elsewhere. Single issues are $5.75. Back numbers
for all issues up to and including 1956 (Volume 27) are $16.50 per volume, $4.50 per issue;
issues from 1957 through 1964 are $22.00 per volume, $5.75 per issue; from 1965 onward,
$33.00 per volume, $5.75 per issue. Complete sets (Volumes 1 to 27) are $275.00. If additional
volumes are ordered at the same time complete sets are ordered, the price is $16.50 per
volume for Volume 28 to Volume 35 and $22.00 per volume for Volume 36 onward.

Rates to members of the Institute of Mathematical Statistics are lower (see inside back
cover).

Communications concerning subscriptions, back numbers, payment of dues, mem-
bership, changes of address, etc., should be addressed to Professor George J. Resnikoff
Treasurer, Department of Statistics, California State College, Hayward, California 94542.

Papers to be submitted for publication should be sent to the Editor, Z. W. Birnbaum,
Department of Mathematics, University of Washington, Seattle, Washington 98105. Ab-
stracts and corrected galley proofs should be sent to the Managing Editor, P, L. Meyer,
Department of Mathematics, Washington State University, Pullman, Washington 99163.

Preparation of manuseripts. Each manuscript should be typewritten, double spaced
with wide margins at sides, top, and bottom, and the original should be submitted with two
additional copies, on paper that will take corrections. Dittoed or mimeographed papers are
acceptable only if completely legible. Footnotes should be reduced to a minimum, and where
possible replaced by remarks in the text, or bibliography at the end of the paper; formulae
in footnotes should be avoided. References should follow the style of 33 313-314.

Tigures, charts, and diagrams should be professionally drawn on plain white paper or
tracing cloth in black India ink twice the size they are to be printed.

Authors are asked to keep in mind the typographical difficulties of complicated mathe-
matical formulae. The difference between capital and lower-case letters should be clearly
shown; care should be taken to avoid confusion between such pairs as zero and the letter O,
the numeral 1 and the letter !, numeral 1 used a8 superscript and prime (), alpha and a,
kappa and k, mu and u, nu and v, eta and n, etc. Subscripts or superscripts should be clearly
below or above the line. Bars above groups of letters (e.g., log x) and underlined letters
(e.g.,) x are difficult to print and should be avoided. Symbols are automatically italicized
by the printer and should not be underlined on manuscripts. Boldface letters may be indi-
cated by underlining with a wavy line on the manuscript; boldface subscripts and super-
scripts are not available. Complicated exponentials should be represented with the symbol
exp. In writing square roots the fractional exponent is preferable to the radical sign. Frac-
tions are preferably written with the

b d
solidus; thus (a 4 b)/(c + d) rather than :—--Il-Ti , and ab/cd rather than %1 .

Authors will ordinarily receive only galley proofs. Fifty reprints without covers will be
furnished free. Additional reprints and covers will be furnished at cost.

Mail to the Annals of Mathematical Statistics should be addressed to either the Editor, Managing Editor or the
Treasurer, as described above. It should not be addressed to Waverly Press.

W
CoMPOSED AND PRINTED AT THE
WAVERLY PRESS, Inc., BALTIMORE, MARYLAND 21202 U.S.A.

Second-class postage paid at Baltimore, Maryland 21202 and at additional mailing offices.




R. R. BAHADUR
PETER J. BICKEL

A. P. DEMPSTER
SYLVAIN EHRENFELD
THOMAS S. FERGUSON
RONALD K. GETOOR

H. C. CArvER, 1930-1938
S. S. WiLks, 1938-1949

T. W. ANDERSON, 1950-1952
E. L. Leamann, 1953-1955

EDITORIAL STAFF

Ep1ToR

Z. W. BIRNBAUM

AssociATE EpIToRS

FRANKLIN A. GRAYBILL
W. J. HALL

JAMES F. HANNAN
DAVID L. HANSON
SAMUEL KARLIN
EUGENE LUKACS

ManagIiNGg EpITOR
P. L. MEYER

PasT EDITORS OF THE ANNALS

T. E. HArris, 1955-1958
WiLriam KRUsKAL, 1958-1961
J. L. Hopges Jr., 1961-1964
D. L. BURKHOLDER, 1964-1967

INGRAM OLKIN
FRANK PROSCHAN
RONALD PYKE
JEROME SACKS
FRANKL. SPITZER
HENRY TEICHER

Published bimonthly by the Institute of Mathematical Statistics in February,
April, June, August, October and December.



IMS INSTITUTIONAL MEMBERS

AEROsPACE CorPORATION, El Segundo, California

ARrizoNA StaTE UN1vERSITY, Tempe, Arizona

ArTHUR D. LiTTLE, INC., Cambridge, Massachusetts

Bavruistic REsEARcH LaBs., Aberdeen Proving Ground, Md.

BELL TELEPHONE LABORATORIES, INC., TECcHNICAL LiBrRARY, New York, N. Y.

Boring AIrRPLANE CoMPANY, Seattle, Washington

CasE WESTERN RESERVE UNIVERSITY, DEPARTMENT OF MATHEMATICS, Cleve-
land, Ohio 4

CatHoLic UNIVERSITY OF AMERICA, STAT. LaB., MaTu. DEprT., Washington,

CuevroN ResEArcH Co., Richmond, California

CiBa PaarmaceuTicAL Co., Summit, New Jersey

CoLorADO STATE UNIVERSITY, DEPARTMENT OF MATHEMATICS AND STATISTICS,
Fort Collins, Colorado

CorNELL UNIVERSITY, MATHEMATICS DEPARTMENT, Ithaca, New York

FroripA STATE UNIVERSITY, DEPARTMENT OF STATISTICS, Tallahassee, Florida -

Forp Motor CompaNy, Dearborn, Michigan

GENERAL MoToRs CORPORATION, RESEARCH LABORATORIES, Warren, Michigan

GEORGE WASHINGTON UNIVERSITY, DEPARTMENT OF STATISTICS, Washington,
D. C.

W. R. GRACE AND ComPANY, REsEARCH Division, Clarksville, Maryland

Huceuges A1rRcrRarT CoMPANY RESEARCH LABS., Malibu, California

InNp1aNA UniversiTy, THE LiBrArY, Bloomington, Indiana

INTERNATIONAL BUsiNESs MACHINES CORPORATION, Armonk, New York

Iowa STATE UNIVERSITY, STATISTICAL LABORATORY, Ames, Iowa

Jouns Hoprkins UNIVERSITY, DEPARTMENT OF BIOSTATISTICS, DEPARTMENT OF
StaTistics, Baltimore, Maryland

Kansas STATE UNIVERSITY, DEPARTMENT OF STATISTICS, Manhattan, Kansas

KnowrLs ATomic Power LABORATORY, Schenectady, New York

LockHEED ATRCRAFT CORPORATION, ENGINEERING L1BRARY, Burbank, California

MicHIGAN STATE UNIVERSITY, DEPARTMENT OF StATISTICS, East Lansing,
Michigan

MINNESOTA MINING AND MANUFACTURING COMPANY, APPLIED MATHEMATICS
AND STATISTICS, St. Paul, Minnesota

Monsanto CHEMICAL CoMPANY, St. Louis, Missouri

NatioNAL CasH REGISTER ComPANY, REsEARCH DEPARTMENT, Dayton, Ohio

NaATIONAL SECURITY AGENCY, Fort George G. Meade, Maryland

NeEw MEexico STATE UNIVERSITY, DEPARTMENT OF MATHEMATICAL SCIENCES,
Las Cruces, New Mexico

NORTHWESTERN UNIVERSITY, DEPARTMENT OF MATHEMATICS, Evanston, Illinois

OH10 STATE UNIVERSITY, STATISTICS LABORATORY, DEPARTMENT OF MATHE-
MaTics, Columbus, Ohio

OxkLAHOMA STATE UNIVERSITY, DEPARTMENT OF MATHEMATICS, Stillwater,
Oklahoma

OrEGON STATE UNIVERSITY, DEPARTMENT OF STATISTICS, Corvallis, Oregon

PENNSYLVANIA STATE UNIVERSITY, DEPARTMENT OF MATHEMATICS LIBRARY,
University Park, Penna.

PrincETON UNIVERSITY, DEPT. OF MATH., SECT. OF MATH. STAT., Princeton,
New Jersey

ProctErR & GamBLE CoMPANY, TECHNICAL LiBRARY, Cincinnati, Ohio

Purpue UnNiversiTy LiBRARIES, Lafayette, Indiana

RockreLLER UniversiTy, New York, N. Y.

RockrLaND STATE HospiTaL, Orangeburg, New York

Sanpia CorrPorATION, Sandia Base, Albuquerque, New Mexico



SouTHERN METHODIST UNIVERSITY, Department of Statistics, Dallas, Texas
StanrForDp UNIvERsITY, GIRSHICK MEMORIAL LiBRARY, Stanford, California
SystEM DEVELOPMENT CORPORATION, Santa Monica, California
Texas A & M UNIvERsITY, INSTITUTE OF STATIsTICS, College Station, Texas
TaE RaND CORPORATION, Santa Monica, California
TRW Systewms, Inc., Redondo Beach, California
Union O1L CompaNY OF CALIFORNIA, UNION REsEARCH CENTER, Brea, California
UniteDp STATES STEEL CORPORATION LiBRARY, Monroeville, Pennsylvania
UNIVERSITY OF ARIZONA, Tucson, Arizona
UNIVER%ITY oF BriTisH CoLuMBIA, DEPARTMENT OF MATHEMATICS, Vancouver,
B. C.
UNIVERSITY OF CALIFORNIA, DEPARTMENT OF MATHEMATICS, Irvine, California
UNIVERSITY OF CALIFORNIA, DEPARTMENT OF MATHEMATICS, Santa Barbara,
California
UNH}ERS}TY oF CALIFORNIA, DEPARTMENT oF MATHEMATICS, Riverside, Cali-
ornia
UNIVERSITY OF CALIFORNIA, STATISTICAL LABORATORY, Berkeley, California
UNIVERSITY OF GEORGIA, DEPARTMENT OF STATISTICS, Athens, Georgia
UNIVERSITY OF ILLINOIS AT CHICAGO CIRCLE, DEPARTMENT OF MATHEMATICS,
Chicago, Illinois
UNIvERSITY OF ILLINOIS, SERIALS DEPARTMENT, Urbana, Illinois
UnriversiTy OF lowa, Iowa City, Iowa
UNIVERSITY OF MANITOBA, DEPARTMENT OF STATISTICS, Winnipeg 19, Manitoba,
Canada
UNIVERSITY OF MARYLAND, DEPARTMENT OF MAaTHEMATICS, College Park,
Maryland
UNIVERSITY OF MICHIGAN, DEPARTMENT OF MATHEMATICS, Ann Arbor, Michigan
UNIVERSITY OF MINNESOTA, DEPARTMENT OF STATISTICS, Minneapolis, Minne-
sota
UNIVERSITY OF MIssOURI, DEPARTMENT OF STATISTICS, Columbia, Missouri
UNIVERSITY OF MissouRl AT Rorra, DEPARTMENT oF MaTHEMATICS, Rolla,
Missouri
UNIVERSITY OF MONTREAL, DEPARTMENT OF MATHEMATICS, Montreal, Quebec,
Canada
UniversiTy oF NEw MExico, Albuquerque, New Mexico
UNIVERSITY OF NORTH CAROLINA, DEPARTMENT OF StaTisTIics, Chapel Hill,
" North Carolina
UNIVERSITY OF ROCHESTER, Rochester, New York
UNIVERSITY OF WASHINGTON, LABORATORY OF STATISTICAL RESEARCH, Seattle
Washington
UNIVERSITY OF WISCONSIN, MADISON, DEPARTMENT OF STATISTICS, Madison,
Wisconsin
UNIVERSITY OF WISCONSIN, MILWAUKEE, DEPARTMENT OF MATHEMATICS,
Milwaukee, Wisconsin
WaYNE STATE UNIVERSITY, DEPARTMENT OF MATHEMATICS, Detroit, Michigan
WesTtaT REsEARCH, INC., Bethesda, Maryland
WESTINGHOUSE ELECTRIC CORPORATION, RESEARCH LABORATORIES, Pittsburgh,
Penna.



